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TECHNICAL REPORT 80-1 

J. J .  Singer 

L.P. Atk inson 

W. S. Chandler 

S.S. Bishop 

The Technical Report Ser ies o f  t he  Georgia Marine Science Center i s  
issued by the  Georgia Sea Grant Program and the  Marine Extension Serv ice 
o f  the  u n i b r s i t y  o f  Georgia on Skidaway I s l a n d  (P.O. Box 13687, Savannah, 
Georgia 31406). It was es tab l ished t o  p rov ide  d isseminat ion o f  t echn i -  
ca l  in fo rmat ion  and progress repo r t s  r e s u l t i n g  from marine s tud ies  and 
i n v e s t i g a t i o n s  main ly  by s t a f f  and f a c u l t y  o f  the  U n i v e r s i t y  System o f  
Georg.ia. I n  add i t i on ,  i t  i s  intended f o r  the presenta t ion  o f  techniques 
and methods, reduced data and general i n fo rma t ion  o f  i n t e r e s t  t o  i ndus t r y ,  
l o c a l ,  reg iona l ,  and s t a t e  governments and the  p u b l i c .  I n fo rma t ion  con- 
t a ined  i n  these repo r t s  i s  i n  t he  p u b l i c  domain. I f  t h i s  p r e p u b l i c a t i o n  
copy i s  c i t e d ,  i t  should be c i t e d  as an unpublished manuscript.  
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ABSTRACT 

Seasonal onshore-of fshore sec t ions  were run  i n  March, May 

and September,l977 and January,l978 o f f  Savannah and Brunswick, 

Georgia. I n  each ins tance upwe l l i ng  was observed a t  t h e  s h e l f  break 

w i t h  s i g n i f i c a n t  n u t r i e n t  f l u x e s  i n t o  t h e  sur face  and/or s h e l f  waters. 

There a re  i n d i c a t i o n s  t h a t  eddies may have Been respons ib le  Tor some 

o f  these observat ions.  



INTRODUCTION 

This r e p o r t  conta ins  data obta ined du r ing  t h e  f o l l o w i n g  seasonal 
Georgia B igh t  c ru ises :  

Table 1. Georgia B i g h t  Cruises. 

Parameters 
Cruise Number Date Sect ions Samp 1 ed 

BF-14-77 318-9177 2 XBT O c 
BF-38-77 5126-27177 1 CTDIXBT OC, O/oo, NO3, PO4, S i  
BF-57-77 9/13-14/77 1 CTD/l XBT OC, '/oo, NO3, POqj S i  
CI-01-78 1123-26178 2 XBT OC, O/oo, NO3, PO4, S i ,  Chl-a 

These i n v e s t i g a t i o n s  were p a r t  of a l a r g e r  m u l t i - i n s t i t u t i o n a l  Department 
of Energy program t o  understand event scale, phys ica l ,  chemical and 
b i o l o g i c a l  processes o f  the  South A t l a n t i c  B igh t ,  t he  con t i nen ta l  she l f  
r eg ion  from Cape Canaveral, F l o r i d a  t o  Cape Hat teras,  North Carol ina.  
The s tud ies  repo r ted  here were concentrated i n  the  Georgia B i g h t  near 
Brunswick and Savannah, Georgia. The hydrographic data w i l l  be used 
t o  conipare w i t h  data from moored inst ruments deployed by the  U n i v e r s i t y  
of Miami (Dr. Tom Lee). A11 data a re  presented i n  t he  Appendix and 
are  on f i l e  w i t h  the  Nat ional  Oceanographic Data Center (NODC). 

METHODS 

. SAMPLING 

One o r  two onshore/offshore hydrographic sec t ions  were run  du r ing  
each c r u i  se. These cons is ted  o f  conduc t i v i  ty/ temperature/depth (CTD) 
o r  expendable bathythermograph (XBT) cas ts  a1 ong sec t ions  extending 
ESE o f  Savannah and Brunswick, Georgia. The s t a t i o n s  were 10 t o  20 
k i lometers  apa r t  and extended o u t  t o  the  s h e l f  break (F igures 1-4).  

A t  CTD s ta t i ons ,  a Genet-a1 Oeeanics Model 1015 Miir'k 5 Rosct tc  
mu1 t i - b o t t l e  a r r a y  was used f o r  water sampling. A Plessey Model 9400 
CTD sensor system was at tached below the  ar ray .  Water sampling depths 
were determined from t h e  temperature s t ruc tu re .  Samples were taken near 
t h e  surface, j u s t  above o r  below the  thermocl ine, a t  the  bottom and 
ocass iona l ly  a t  o the r  se lec ted  depths. Data a re  repo r ted  f o r  temperature, 
s a l i n i t y ,  n i t r a t e ,  phosphate and s i l i c a t e  concentrat ions.  N i s k i n  b o t t l e  
cas ts  were a l s o  made a t  some b u t  n o t  a l l  o f  t he  XBT s t a t i o n s .  

CHEMICAL AND PHYSICAL PROCEDURES 

Sal i n i  t y  samples were analyzed conductometr ical  ly us ing  a P l  essey 
Model 6230 N l abo ra to ry  sal inometer.  Values obta ined were used t o  
c a l i b r a t e  the  Plessey CTD system. A separate s e c t i o n  o f  t h i s  r e p o r t  
d e t a i l s  t he  CTD c a l i b r a t i o n  procedure. Temperature was determined w i t h  
deep sea reve rs ing  thermometers, XBT's and the  CTD system. 



N u t r i e n t  samples were immediate.1~ f rozen  i n  125 m l .  po lye thy lene 
b o t t l e s  and s to red  i n  t h e  dark u n t i l  thawed and analyzed ashore. Color-  
i m e t r i c  de termina t ions  o f  t h e  n u t r i e n t  concent ra t ions  were made us ing  

' a  Bausch and Lomb Spectronic  88 Spectrophotometer. S i l i c a t e  was determined 
by t h e  method of M u l l i n  and R i l e y  (1955) 'as m o d i f i e d  by S t r i c k l a n d  and 
Parsons (19723, phosphate by the  method o f  Murphy and R i l e y  (1962) and 
n i t r a t e  by t h e  cadmium column reduc t i on  technique o f  Gardner e t  a l .  (1976). 

Ch lo rophy l l -a  was determined f l u o r o m e t r i c a l l y  us ing  the  method of 
Yentsch and Menzel (1963) as descr ibed by S t r i c k l a n d  and Parsons (1972). 

XBT Data A c q u i s i t i o n  and Processing 

A Sippican Model LM3A handheld launcher  and an MK2A-1 recorder  were 
used f o r  XBT casts.  The temperature/depth p l o t s  were manual ly d i g i t i z e d  
and these da ta  were p laced i n  NODC fo rmat  and merged w i t h  processed CTD 
data. Depths a t  which temperature i s  a whole o r  h a l f  degree ,are  repo r ted  
as a r e  depths a t , w h i c h  a s i g n i f i c a n t  mixed l a y e r  begins o r  ends. 

CTD Data A c q u i s i t i o n  and Processing 

The CTD u n i t  cons is ted  o f  a  Plessey Model 9400 CTD sensor system 
w i t h  a Model 8400 d i g i t a l  data l ogge r  and Kennedy Model 1600 incremental  
magnetic tape recorder  f o r  da ta  a c q u i s i t i o n  and storage. A redundant X Y Y '  
p l o t  was made o f  a l l  cas t s  us ing  a Hewlett-Packard Model 7046 X - Y - Y  
recorder  c a l i b r a t e d  w i t h  a p r e c i s i o n  l O V D C  source. 

A second da ta  a c q u i s i t i o n  system under development was a l s o  used 
d u r i n g  these c ru i ses .  It i nvo l ved  the  a d d i t i o n  o f  an HP 9825A Ca lcu la to r  
t o  c o n t r o l  t h e  cas ts  and t o  reco rd  the  da ta  on c a r t r i d g e  tape, and an HP 
9862A P l o t t e r  t o  p l o t  temperature du r i ng  t h e  c a s t  and s a l i n i t y  immediately 
af terwards.  Th i s  pe rm i t t ed  immediate con f i rma t i on  o f  data a c q u i s i t i o n  
and i t s  r e l a t i v e  q u a l i t y .  

D e t a i l s  of  t h e  ope ra t i on  o f  these systems and t h e  processing 
o f  da ta  a re  presented i n  Chandler -- e t  a1 . (1978). A general  out1 i ne 
o f  t h e  magnetic tape data processing i s  presented i n  Table 2. 

CTD and XBT C a l i b r a t i o n  

For p r imary  c a l i b r a t i o n  o f  temperature and s a l . i n i t y ,  a  N i s k i n  b o t t l e  
equipped w i t h  pa i red  p ro tec ted  deep sea reve rs ing  thermometers was t r i p p e d  

' a f t e r  a  four-minute e q u i l i b r a t i o n  p e r i o d . a t  t he  maximum sample depth i n  
mixed 1 ayers. 

A d d i t i o n a l  s a l i n i t y  c a l i b r a t i o n  da ta  were c o l l e c t e d  f rom mixed l a y e r s  
du r i ng  the  upcast.  A t  t h e  bottom and a t  se lec ted  sampling depths, t he  
CTD sampling r a t e  was slowed and s a l i n i t y  c a l i b r a t i o n  data were acqui red 
be fo re  t h e  b o t t l e s  were t r i pped .  - . From a n a l y s i s  o f  these da ta  (Tables 3 and 4) ,  t h e  f o l l o w i n g  s a l i n i t y  
o f f s e t s  were a p p l i e d  t o  t h e  CTD data  f rom c ru i ses  BF-38-77 and BF-57-77. 
(Tabje 5). 



Tab le  2. CTD Data Flow. Shipboard A c q u i s i t i o n  t o  NODC Submit ted. 

Data SourceIDi spos i  t i o n  Program Data F i l e  

Tape f rom data l ogge r  

En te r  depth o f f s e t  

CTDRUN (Copies tape data t o  computer 
f i l e )  

CRUISE 

MAGREAD (Converts b i n a r y  coded data 
t o  decimal ) 

B I RANG 

CTDUNIT (Converts decimal u n i t s  t o  
eng ineer ing  u n i  t s  

LAG 

LAGFILT (Coarse f i 1 t e r s  and temperature 
l a g )  

LATCH 

DLATCH (Removes decreas i  ng and repeated 
depths ) 

CTDATA 

CTDAVE5 (one meter  average da ta )  

Pr imary  c a l i b r a t i o n  f rom BROENK (Ca l cu la tes  s a l i n i t y  and s i  gma-t) 
b o t t l e  cas t s  

En te r  s a l i n i t y  o f f s e t  SGSA 

NODCFO (Converts t.n NODC f o rma t )  

NODC 

Type i n  headers on f i l e  XBTMERG (Merges headers and XBT da ta )  
HEAD 

NODC + HEAD 

NUTMERG (Merges NODC data wi t h  headers 
and chemicgl  da ta )  

Submit ted t o  NODC 
FINAL 

. CEMLIST (Ca l cu la tes  s igma-t  s p e c i f i c  
volume anomaly, oxygen u t i l i z a t i o n ,  
and c rea tes  t e c h n i c a l  r e p o r t  
pages 

LIST (Creates s t a t i o n  l i s t )  

VECHNICAL REPORT 



Tab le  3. C ru i se  BF-38-77 S a l i n i t y  C a l i b r a t i o n  Data. 

S t a t i o n  Depth B o t t l e  CTD O/oo Di f f e r e n c e  
No. (m) O/ bo . . Bott le-CTD (o/Oo)  

Table 4. Cru i se  BF-57-77 S a l i n i t y  C a l i  b r a t i o n  Data. 

S t a t i o n  Depth B o t t l e  D i f f e r e n c e  
No. (m O/oo CTD o/oo B o t t l  e-CTD (O/oo) 

- 

1 C 138111 36.191' 36.074 +. 117 
2C 16m 36.268 36.151 +. 117 
3C 18m 32.218 36.101 +. 117 
4 C ' 22111 36.219 36.111 +. 108 
5C 26m 36.229 36.126 +. 103 
6 C 28m 36.238 36.138 +. 100 
7c' 3 1m 36.250 36.154 +. 096 
8C 3 3m 36.228 36.135 +. 093 
9 C 3 7m 36.327 36.218 +. 109 

10C' 40m 36.325 36.242 +. 083 
12C 196m 35.034 35.015 +.019 



Table 5. CTD S a l i n i t y  O f f s e t  Equation 

So = Uncorrected CTD S a l i n i t y  
D = Depth 

* I t  was necessary t o  apply an a d d i t i o n a l  c o r r e c t i o n  o f  -0.11 9 0 0  t o  
S t a t i o n  16-C a f t e r  processing. 

O/oo O f f s e t  Equation 

+0.06 + 0.015 
* S=So + . I18  -5.19 X 10-4D 

The magnetic tape data were normally our  pr imary data source a t  
t h i s  stage i n  the  development o f  our  a c q u i s i t i o n  system. However, t he  
HP c a r t r i d g e  data were used f o r  c r u i s e  BF-38-77 because a de fec t i ve  
frequency p lug  r e s u l t e d  i n  erroneous magnetic tape data. The absence 
of an apparent depth e f f e c t  f o r  t h i s  same c r u i s e  i s  a t t r i b u t e d  t o  the  
shallowness o f  the  samplings (deepest was 74 meters). Here, the 
normal i n s t a b i  1 i t i e s  o f  the ins t rumenta t ion  p r o h i b i t  the  determinati.on 
of any d i s c e r n i b l e  depth re la t i onsh ip .  (See CTD E r r o r  Ana lys is ) .  

Data Source 

HP-Cartridge 
Magnetic Tape 

Cruise 

BF-38-77 
BF-57-77 

The temperature o f  the  CTD system was checked aga ins t  revers ing  
thermometers (Tables 6 and 7). Since the  CTD temperature sensor 
agreed w i t h  pro tec ted revers ing  thermometers w i t h i n  the range o f  
accuracy (+0.020C), no o f f s e t  was app l ied  (Table 8) .  A +2.29 meter 
depth o f f s e t  was app l i ed  t o  both  sets o f  CTD data. 

Date 

5126-27/77 
9113-14/77 

Tahle 8. CTD Temperature Cal i b r a t i o n  Check. 

The XBT system was checked f o r  proper c a l i b r a t i o n  before  and 
dur lng  each c r u i s e  w i t h  a t e s t  c a n i s t e r  and p e r i o d i c a l l y  w i t h  sur face 
bucket .  and/or near bottom reve rs i  ng thermometer readtngs. These 
i n d i c a t e d  t h a t  t he  system operated w i  t h i n  acceptable e r r o r  (+0. 1°c). 

CTD E r r o r  Analys is  

5 ~hrlrlai'c~ 

Devia t ion  

.009 
,010 

The Plessey Model 9400 CTD system has the  f o l l o w i n g  rated' accuracy, 
reso l  u Lion, and t i ine constants (Table 9). 

.. 

- ~ e a n - ~ i - T  rerence 
Reversing Thermometer - CTD 

+.018 
+. 006 

Cruise 

BF-38-77 
BF-57-77 

- 

Date 

5/26-27/77 
9/ 13-14/77 



Table 6. Cru ise  BF-38-77. Temperature C a l i b r a t i o n  Data. 

Table 7. Cru ise BF-57-77. Temperature C a l i  b r a t i o n  Data. 

S t a t i o n  
No. 

2 C 
4C 
5C 
6 C 

1OC 
1 1 C  

Depth 
(m> 

14m 
14m 
15m 
24m 
40m 
41m 

S t a t i o n  
No. 

1 C  
2 C 
3 C 
4 c 
5 C 
6 C 
7 C 
8C 
9C 

1OC 
12C 

Depth 
(m 

14m 
16m 
18m 
22m 
26m 
28m 
3 1m 
33m 
37m 
40m 

196m 

D i  f f e rence  
(OC) 

+ .020 
+ .010 
+ .035 
+ .015 
+ .010 
+ .015 

REVERSING THERMOMETER 
TEMPERATURE (OC) 

1 2 Ave 

24.17 24.15 24.160 
23.74 23.74 23.740 
23.48 23.45 23.465 
22.65 22.66 22.655 
23.90 23.88 23.890 
23.91 23.98 23.905 

Di f f e rence  
(OC) 

+ .005 
+ .010 
+ .010 

o. noo 
+ .030 
- .010 
+ .005 

0.000 
- .005 
+ .010 
+ .010 

- 

REVERSING THERMOMETER 
- TEMPERATURE (OC) 
1 2 Ave 

28.41 28.42 28.415 
28.24 28.22 28.230 
28.00 28.02 28.010 
27.91 27.93 27.920 
27.81 27.81 27.810 
27.48 27.46 27.470 
26.50 26.49 26.495 
25.48 25.48 25.480 
24.59 24.58 24.585 
23.85 23.85 23.850 

8.42 8.42 8.420 

CTD 
Temperature 

(Oc> 

24.14 
23.73 
23.43 
22.64 
23.88 
23.89 

CTD 
Temperature 

(OC) 

28.41 
28.22 
28.00 
27.92 
27.78 
27.48 
26.49 
25.48 
24.59 
23.84 

8.41 



Table 9. S p e c i f i c a t i o n s  f o r  Plessey Model 9400 CTD System 

- - -- 

Conducti v i  t y  Temperature Depth 

Accuracy 
Reso lu t i on  
Time Constant 

20.03 mmho/cm +O. 02% 21.5 m 
0.0001 mmho/cm 0.0001OC 0.0012 m 
0.1 sec 0.35 sec 0 .1  sec 

Since s a l i n i t y  i s  n o t  measured d i r e c t l y ,  i 1; rnust be c a l c u l a t e d  f rom t h e  above 
parameters,  r e s u l t i n g  i n  t he  composite e r r o r s  o f  t h e  C, T and D sensors and 
t h e  s a 1 i n i . t ~  equat ion.  

By va ry i ng  " r e a l "  C, T and D by t he  r a t e d  sensor accurac ies  i n  t he  
Broenkow CTD s a l i n i t y  equa t ion  (see Chandler e t  a l .  1978, and Tables 10 and 
11) t h e  maximum e r r o r  a t t r i b u t a b l e  t o  each sensor can be determined. The 
composi t e  maximum e r r o r  i s approx imate ly  + 0 . 0 6 ~ / ~ ~  f o r  " r e a l  " data  se ts .  
However, t h e  s tandard d e v i a t i o n  o f  a l l  mixed l a y e r  samples taken f o r  s a l i n i t y  
c a l  i b r a t i o n  i m p l i e s  g r e a t e r  accuracy, namely 20.02°/00 a f t e r  o f f s e t .  We 
b e l i e v e  t h i s  va lue  i s  a more r e a l i s t i c  measure o f  t he  q u a l i t y  o f  t h e  da ta  se t .  

METEOROLOGICAL CONDITIONS 

Wind and temperature da ta  f rom Savannah, Georgia a r e  presented i n  
F igu res  5-8. These da ta  were d e r i v e d  f rom t h e  month ly  summaries f o r  t h e  
r e s p e c t i v e  months (U. S. Department o f  Commerce: March 1977, May 1977, 
September 1977 and January 1978) and a r e  p l o t t e d  i n  GMT a t  th ree-hour  i n t e r v a l s .  
A d d i t i o n a l  me teo ro log i ca l  data,  c o l l e c t e d  by  t h e  sh ips  personnel ,  a r e  
presented w i t h  t he  hydrographic  data.  



Table 10. 'Broenkow's S a l i n i t y  Equations. 

where: R = c o n d u c t i v i t y  r a t i o  

Z = depth (meters )  

T = temperature (OC) 
e 

C = measured c o n d u c t i v i t y  (mmhos/cnl) 

S = s a l i n i t y  (O/oo) 



Table 11. Flow Us ing  Broenkow's S a l i n i t y  Equat ion . 

I 
S0/00 OUT 

*wi. thout t h e  RZ term 

RZ = pressure e f f e c t  on c o n d u c t i v i t y  

AT = temperature e f f e c t  

RT = R(S,t,p) c o n d u c t i v i t y  r a t i o  

A - t15 c o r r e c t i o n  ( I n t e r n a t i o n a l  oceanographic 
15- . . ,Tab1 es , 1966) 



RESULTS AND DISCUSS1,ON , . , 

. . . . 

Savannah Sect ion, 8-9 March 1977. (F igure  9)  

Deep upwel l ing  a t  t he  s h e l f  break i s  indicated,and the re  i s  

t he  appearance o f  cascading a long the  mid t o  ou te r  s h e l f  ( s t a t i o n s  

'8X and 9X). This, however, may be due t o  

by warmer o f f s h o r e  waters. No n u t r i e n t  data were c o l l e c t e d .  

Brunswick Sect ion, 9  March 1977. (F igure  9)  

Upwel l ing i s  occu r r i ng  a t  t h e  s h e l f  break. The 21°c lobe a t  

s t a t i o n s  25X and ?fix buqqests - .  t h a t  t h e  upwel l ing  may have r e s u l t e d  

from an eddy. Note the  d i f f e rences  i n  t he  v e r t i c a l  s t r u c t u r e  on 

t h e  s h e l f  between t h i s  sec t i on  and the  Savannah sect ion,  a  h o r i z o n t a l  

d is tance o f  l e s s  than 60 n a u t i c a l  m i l e s  (111 k i l ome te rs ) .  No n u t r i e n t  

data were co l l ec ted .  

Savannah Sect ion, 26-27 May 1977. 

The temperature and sigma-t p l o t s  revea l  an upwel l ing  regime 

centered around s t a t i o n  13X/C.   he n u t r i e n t  data, however, revea l  

t h a t  s i g n i f i c a n t  n u t r i e n t  concentrat ions d i d  n o t  occur 

i n  t h e  sur face waters because o f . t h e  h igh  temperatures. 

The warm sur face lobe a t  s t a t i o n s  1 1 C  and 12X w i t h  coo le r  waters 

a t  s t a t i o n s  13X/C and 14C, and then warmer waters again a t  s t a t i o n  15X 

suggest an eddy. A s i m i l a r  t rend  i s  seen i n  the  dens i t y  f i e l d  where 

dens i t y  increases and then decreases moving o f f s h o r e  a t  the  she l f  hreak, 

Brunswick Sect ion, 13-14 September 1977. (F igures 12-13). 

A  s t rong upwel l ing  reg.ime has been es tab l ished a t  t he  she l f  break 

w i t h  s i g n i f i c a n t  n u t r i e n t  enrichment o f  t he  sur face waters. The upwel l ing  

i s  ev ident  i n  a l l  parameters. Cooler, h igh  n u t r i e n t  waters a re  producing 

an " i n t r u s i o n "  on t h e  she l f .  



Savannah Sect ion, 14 September 1977. (F igures  14-15) 

Upwel l ing s i m i l a r  t o  t h a t  shown f o r  t he  Brunswick s e c t i o n  on 

13-14 September i s  ev ident .  However, n u t r i e n t  concent ra t ions  i n  t he  

shal lower waters a re  n o t  as g rea t .  

Savannah Sect ion, 23-24 January, 1978. (F igures  16-17) 

There i s  an o v e r r i d i n g  of s h e l f  waters by warmer o f f s h o r e  waters 

w i t h  t h e  2 0 ' ~  isotherm rough ly  d e p i c t i n g  the  western w a l l  of t h e  G u l f  

Stream. Deep upwe l l i ng  i s  apparent a t  t h e  s h e l f  break and h i g h  

l e v e l s  o f  n i t r a t e ,  phosphate and s i  1  i c a t e  have reached the  .sur face .  

I n  add i t i on ,  t h e r e  a re  ext remely h igh  c l o r o p h y l l  concent ra t ions  i n  the 

sur face  waters a t  t h e  s h e l f  break, a  f u r t h e r  i n d i c a t i o n  o f  s t r o n g u p w e l l i n g .  

Rrunswick Sec t ion  24-25 January 1978. (F igures  18-13) 

Strong upwe l l i ng  a t  t h e  s h e l f  break i s  i n d i c a t e d  by t h e  n i t r a t e  

and s i l i c a t e  data. Th i s  upwe l l i ng  f e a t u r e  i s  l e s s  obvious i n  p l o t s  o f  

t h e  o t h e r  parameters. 



SUMMARY 

Upwel l ing was observed a t  the  s h e l f  break du r ing  each o f  the 

c ru i ses  i n  March, May, September and January. This r e s u l t e d  i n  

s i g n i f i c a n t  n u t r i e n t  enrichment o f  sur face and s h e l f  waters. N u t r i e n t  

concentrat ions as h igh  as 5 pM n i t r a t e ,  . 2  pM phosphate and 2 pM s i l i c a t e  

were observed i n  the  top  30 m. 

Gul f  Stream eddies and meanders a re  probable explanat ions f o r  

a t  l e a s t  some o f  the  observed upwel l ing.  However, conf i rmat ion w i l l  

depend upon ana lys i s  o f  c u r r e n t  meter data from moorings p laced i n  

the  study area by the U n i v e r s i t y  o f  Miami (Dr. Tom Lee). 
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Figure  1. S t a t i o n  l o c a t i o n s  (March 1977) 



Figure 2.  S t a t i o n  l o c a t i o n s  (May 1977) 



F igu re  3. S t a t i o n  l o c a t i o n s  (September 1977) 



Figure  4. S t a t i o n  1 o c a t i  ons (January 1978) 
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Figure 5. Meteorological Data from Savannah, Georgia (March 1977) .  
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Figure 6. Meteorological Data from Savannah, Georgia (May 1977). 
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Figure 7. Meteorological Data from Savannah, Georgia (September 1977). 
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Figure  8. Meteorological Data from ~avanna 'h ,  Georgia ( January  1978). 
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Figure  9. V e r t i c a l  temperature s t r u c t u r e  f o r  t h e  Savannah and Brunswick 
sect ions,  8-9 March 1977. 
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Figure 10. Vertical temperature, s a l i n i t y  and sigma-t s t ruc ture  f o r  the 
, ' ' Savannah sect ion,  26-27 May 1977. . . 
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Figure  11. V e r t i c a l  n i t r a t e ,  phosphate and s i l i c a t e  s t r u c t u r e  f o r  t he  
Savannah sec t ion ,  26-27 May 1977. 
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Figure 12.  Vertical temperature, s a l in i ty  and sigma-t structure for  the 
Brunswick section, 13-14 September 1977. 



- .  U U U  
~ ~ ~ U V U U U U ~ ~ N  
d N m w m m b m m d d d  

- 
- 
- 
- 

BRUNSW ICK 

1 N I  TRA TE (PM) 

- 13-14 SEPTEMBER 1977 
- - 20 
- - 
- 

. . U U U  
U U . O U U . U U U U B @ N  
d N . f n - r m m b m c r J - - - @  

30 

50 

7 0 
90 f BRUNSWICK 

110" PHOSPHA TE OJM) I 

13-1 4 SEP,TEMBER 1 977 
130 

- - 

DISTANCE OFFSHORE (KM) DISTANCE OFFSHORE (KM) 

5 

BRUNSW ICK 

SILICA TE (uM) 

13-1 4 S E P T E ~ R  1977 18 

15 

- - 

DISTANCE OFFSHORE (KM) 

Figure 13: Vertical n i t r a t e ,  phosphate and s i l i c a t e  s t ructure for  the 
Brunswick section, 13-14 September 1977. 
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Figure 14. Vertical temperature, sal ini  t y  and sigma-t s t ructure for  the 
Savannah section, 14 September 1977. 





x x x x x z  5 5 M G z ",cobma,- - 

TEMPERA TURE 

23-24 JANUARY 1978 15 

10 30 50 70 90 110 130 150 
DISTANCE OFFSHORE (KM) 

x x x x x z  2 5 M G Z rncowcocn-. 

- - - - 

25.5 

26 

SA VANNAH 

SIGMA-T 

k 23-24 JANUARY 1978 b 27 1 

18 30 50 70 90 110 130 150 
DISTANCE OFFSHORE (KM) 

SAVANNAH 

SALINITY 

23-24 JANUARY 1978 

10 30 50 770 90 110 130 150 
DISTANCE OFFSHORE (KM) 

Figure 16. Vertical temperature, s a l i n i t y  and sigma-t s t r uc tu r e  f o r  the 
Savannah sec t ion ,  23-24 January, 1978. 
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Figure 18. Vertical temperature, salinity and sigma-t structure for the 
Brunswick section, 24-25 January 1978. 
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HYDROGRAPHIC DATA 

V e r t i c a l  p r o f i l e s  o f  s a l i n i t y ,  temperature, sigma-t, DO and n u t r i e n t s  

The symbols used i n  t h e  f o l l o w i n g  l i s t i n g s  a re  de f i ned  as f o l l o w s :  

Header Data : Times are  GMT (EST + 5 o r  EDT + 4)  
L a t i t u d e  and Longi tude a re  f rom Loran C 

Weather Data: These data a re  taken f rom t h e  s h i p ' s  l og .  

Wind speed ( kno ts )  
Wind d i r e c t i o n  (degrees) 
A i r  temperature (OC) 
Weather (WMO code 4501 ) 
Barometr ic pressure (nib) 
Sea s t a t e  (WMO 3700) 
Wave d i r e c t i o n  (degrees) 
Cloud type  ( n o t  g i ven )  
Cloud amount ( n o t  g i ven )  
V i s i b i l i t y  code ( n o t  g i ven )  

Observat ions: Z = Depth i n  meters 
T = Temperature i n  OC 

S = S a l i n i t y  i n  0100 

D = Dens i ty  i n  sigma-t u n i t s  
SVA = S p e c i f i c  volume anomaly X l o 5  

02 = Dissolved oxygen i n  m l / l i t e r  
02 '  = Oxygen s a t u r a t i o n  i n  m l / l  i t e r  
AOU = Apparent oxygen u t i l i z a t i o n  i n  m l / l i t e r  
PO4 = Phosphate concen t ra t i on  i n  p m o l e / l i t e r  
NOj = N i t r a t e  concent ra t ion  i n  p m o l e / l i t e r  

S i  = S i l i c a t e  concen t ra t i on  i n  v m o l e / l i t e r  





8TATIQH SU##ARY FOR BLUE f I #  CRUISE 14 

CRUISE STATION LATITUDE 

.001X 
002X 
003X 
004X 
005X 
006X 
007X 
008X 
009X 
O l O X  
01 1 X  
01 2x 
Ol3X 
01 4X 
015X 
01 BX 
01 7X 
01 8X 
01 9X 
020X 
021 X 
022X 
023% 
024X 
025X 
0 2 6 ~ '  
O27X 
0281 
029X 
030X 
031 X 
832X 
033X 
034X 
0358 

YR fl# BY HOUR 
O#T 

77 3 8 16.2 
77 3 8 16.9 
77 3 8 .17 .5  
77 3 8 18.1 
77 3 8 18.8 
77 3 8 19.4 

7 7  3 8 20.0 
77 3 8 20.7 
77 3 8 21.3 
77 3 8 22.0 
77 3 8 23.0 
77 3 8 23.5 
77 3 9 1.0 
77 3 9 1.7 
77 3 9 4.5 
77 3 9 5.5 
77 3 9 6.3 
77 3 9 7.4 
77 3 9 8.2 
77 3 9 6.9 
77 3 9 9.5 
77 ' 3  9 10.1 
77 3 9 10.7 
77 3 9 11.7 
77 3 9 13.0 
77 3 9 13.3 
77 3 9 94 ,1  
77 3 9 14.6 
77 3 9 15.2 
77 3 9 15.8 
77 3 9 17.3 
77 3 9 18.6 
77 3 9 19.9 
77 3 9 21.5 
77 3 9 22.7 

DEPTH CONSEC 
fl NUH0ER 
16 1 
1 6 .  2 
19 3 
25 4 
2 4 5 
27 6 
33 7 
36 8 
4 2 9 
4 4 10 
52 11 
83 12 

252 13 
608 14 
963 15 
263 16 
260 17 
157 18 
79 19 
8 8 2 0 

9 08 2 1 
160 22 
234 2 3 
256 24 
102 2 5 
4 6 2 6 
4 4 27 
38 28 
3 5 29 
3 2 30 
28 3 1 
2s 3 2 
2 1 33 
13 34 
4 3s 



BLUE F I N  CRUISE 14 9TA 1X 8/ I I I / 7 7  16.2 GHT CONSEC 5 1 1  1 STATION BBlX 

L I T  31 S7.2Y LOME 80 40.8U DEPTH - 16A DlST LAST STA - 0.0KM 

UEAIHER D A 1 I  

UlWD SPEED I B  KT9 SEA STATE 3 

U l l D  D l k E C l l O Y  050 UAVE O l R E C I l O N  
AIR IERP . C  CLOUD l Y P E  - 
UEAIHLR CODE - XO CLOUD AAOUYT = 
B A R O ~ E I R I C  PRESSURE . 1027.8 A )  V I S I B I L I T Y  CODE 

SIGM 22 24 20 28 30 
4 

S A L  28 30 32 34 30 . 

TEMP 1 0  1 5  20 25 30 4 

OESERVAllONS 
Z 1 6 1 SVA 0 2  02 '  AOU PO4 NO3 91 

1,O 11.50 . . . .  . . . . . .  8.5 11.50 
9 . 0 1 1 . 4 0  . . . .  

16.0 11.40 . . . .  . 0.13 00.1 03.1 

BLUE F I N  CRUISE 1 4  STA 2X B/ I I 1 / 7 7  16.9 GHT CONSEC STA 2 

L I T  31 54.9N LONG 80 34.3U DEPTH = 16H D l S T  LAST STA - l l . l K H  

UEATHER DATA 

UlND SPEED = 18 KTS SEA STATE = 3 
UlND DlRECl lON = 030 UAVE DIRECTION = 
AIR TEAP . C  CLOUD TYPE = 
UEAlWER CODE . XO CLOUD AHOUNl = 
BARONElRlC PRESSURE = 1027.8  A D  V I S I B I L I T Y  CODE = 

OBSERVATIONS 
Z T S D S V I  0 2  0 2 '  AOU PO4 NO3 5 1  

l . 0 1 1 . 7 0  . . . . 
11.0 11.70 . . . . 
14.0 11.60 . . . . 
16.0 11.60 . . 8 .  

L I T  3 1  S3.4Y LON6 8 0  19.2U DEPTH IPM U l S l  LAST S1A - B.5KM 

UEAIHCR D A l I  

U I l D  6P[ED . 18 K1S SEA S l A l E  = 3 
U l l D  D l k E C l l O l  . 0 3 0  UAVE D l R E C l l O N  

AIR I E ~ P  - . t  C L O U D  T Y P E  . = 
UCAIHCR C O D E  . x o  CLOUD A ~ O U ~ T  

BAROMl l i f lC  P R C S S U R E  1027.8 A B  "JISIBILITY CODE = 

STATION 002X 

S I GM 22 24 20 28 30 
4 

SAL 2e 30 32 34 30 
4 

TEMP i m  i s  20 25 30 
4 

STATION 883X 

SIGM 22 24 2p 28 30 
4 

TEMP 1 0  1s 20 29 30 
4 

I 
OESERVAllONS 

Z 1 6 D SVA 0 2  02'  LOU PO4' NO3 8 1  

1.0 12.20 . . . .  . . . . .  2.0 12.10 

3.0 12.00 . . . . . .  . . 
6.0 12.00 . . . . . .  . . 
7.0 12.20 . . . . .  

19.0 12.20 . . . . . .  - .  
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ABSTRACT 

Dur ing a c r u i s e  i n  t he  Georgia B i g h t  i n  A p r i l  1978, one onshore-of fshore 

hydrographic  sec t i on  was repeated f i v e  t imes over  a f i ve -day  pe r i od ,  Tempera- 
I 

t u r e ,  s a l i n i t y ,  d i sso l ved  oxygen and n u t r i e n t  (NO3, PO4, and Si02)  data were 

c o l l  ected. 

The s h e l f  waters were v e r t i c a l l y  w e l l  mixed w i t h  h o r i z o n t a l  g rad ien ts  

be ing  apparent o n l y  f o r  temperature, s a l i n i t y ,  and sigma-t.  I n i t i a l l y ,  an 

upwel l i n g  v e l o s i  t y  o f  -4.3 x cm sec-' was observed a t  t h e  she1 f break i n  

con junc t i on  w i t h  a 10.8 cm sec-' of fshore meander o f  t he  Gulf Stream. By t h e  

t h i r d  day, t h e  Gulf Stream had s t a r t e d  t o  move onshore a t  v e l o c i t i e s  as h igh  

as 7.9 cm sec-' . Subsequently, downwell i n g  v e l o c i t i e s  as h i g h  as 8.2 x 

- I 
cm sec were observed. 



INTRODUCTION 

Th is  r e p o r t  con ta ins  chemical and phys ica l  data obta ined d u r i n g  

Georgia B i g h t  Cru ise CI-04-78 (10-23 A p r i l  1978) aboard t h e  R/V COLUKBUS 

ISELIN. The i n v e s t i g a t i o n  was p a r t  o f  a l a r g e r  m u l t i - i n s t i t u t i o n a l  

Department o f  Energy (DOE) program t o  understand event sca le  , phys ica l  , 

chemical and b i o l o g i c a l  processes of t he  South A t l a n t i c  B igh t ,  t h e  

con t i nen ta l  s h e l f  r eg ion  from Cape Hat te ras  t o  Cape Canaveral. The 

study repor ted  here i s  concentrated i n  t he  Georgia B i g h t  near Brunswick, 

Georgia. S p e c i f i c a l l y ,  t h e  o b j e c t i v e  was t o  c o l l e c t  phys ica l  and 

chemical data such t h a t  three-dimensional ouasi -synopt ic  measurements of 

t h e  i n t e r a c t i o n s  of s h e l f  and G u l f  Stream waters cou ld  be made. I n  

add i t i on ,  the  hydrographic data were used t o  campare w i t h  those o f  

moored inst ruments deployed by t h e  U n i v e r s i t y  o f  Riami (Dr.  Tom Lee). 

This  r e p o r t  a l s o  inc ludes  background hydrographic data f rom a 

Bureau o f  Land Management (BLM). c r u i s e  which occurred i n  con junc t i on  w i t h  

t he  DOE-sponsored Georgia B i g h t  Cru ise.  

VETHODS 

F ive  onshore-offshore hydrographic sec t ions  (F igu re  1 ) were 

completed as p a r t  o f  t he  BLM sampling g r i d .  S ta t i ons  1C through 43C 

were occupied f rom 12-18 A p r i l ,  and s t a t i o n s  105C t o  118C were 

completed between 22-23 A p r i l .  S ta t i ons  on t h i s  g r i d  were sampled us ing  

CTD (conduc t i v i  ty/ temperature/depth) Rosette cas ts .  An except ion  was 

s t a t i o n  35X, and XBT (expendable ha thy th~rmograph)  c a s t .  

From 18-21 A p r i l ,  27 s t a t i o n s  were occupied as p a r t  o f  t he  DOE 
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Figure 1. BLM S t a t i o n  Grid.  



sampling grid.  One longshore section along the 50m isobath and four onshore- 

offshore hydrographic sections across the she1 f break off of Brunswick, 

Georgia were completed. On 18 April, s ta t ions 47X-51X were occupied 

(Figure 2 )  ; the next day these s tat ions were reoccupied (s tat ions 62X-66X). 

All s ta t ions in these two sections were completed using XBTs. On 20 April, 

s ta t ions 71C-75C were occupied (Figure 2) ;  the next day these s tat ions were 

reoccupied (s tat ions 93C-97C). All s ta t ions in these two sections were com- 

pleted using CTD casts .  The two CTD sections are  fur ther  offshore than the 

two XBT sections. On 21 April, a north-south alongshore section was completed 

along the 50m isobath a t  the shelf break (Figure 3 ) .  One CTD and 6 XBT 

stat ions were occupied in t h i s  section. Upon completion of the DOE sampling 

grid,  s ta t ions 105C t o  118C of the BLV grid were then completed. 

A t  CTD s ta t ions ,  a General Oceanics Model 1015 Mark 5 Rosette 

mu1 t i -bo t t l e  array w i t h  5-1 i t e r  Niskin Bottles and a Plessey Model 9400 

CTD sensor system were used for  water sampling. Niskin sampling depths 

were determined from the temperature structure obtained from the CTD. 

Samples were taken near the surface, just  above or below the thermocline, 

a t  the bottom,and occasionally a t  other depths. Samples were analyzed 

for> sal i n i l y ,  n i t r a t e ,  phosphate, s i l  i ca te ,  and dissolved oxygen. 

CTD Data Acquisition and Processing 

The CTD Data Acquisiti'on System (Figure 4)  consists of a Plessey 

Model 9400 CTD sensor system, a Model 8400 Digital Logger, and a Hewlett- 

Packard 9825A Calculator. Data were stored 'on cartridge tape and redundant 



STATIONS 47X-SIX.  1 8  A P R I L  1 0 7 8  

STATIONS 02X-8bX. 1 9  A P R I L  1 9 7 8  

BTATIONB 71C-7SC.20 A P R I L  1 9 7 8  

STATIONS O X - 0 7 C Z l  A P R I L  1 9 7 0  

F igu re  2. DOE S t a t i o n  Grid. Onshore-offshore Sect ions.  
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Figure 3 .  DOE S t a t i o n  Grid.  Longshnre S e c t i o n  on S h c l f  Break 50111 
i s o b a t h .  



I TAPE UATRIUX I I PRIm I 
I 1 

WTE TERMINAL CCMCUATOR PPU)m . 
2 

DIGITAL CtUU H !FIB INlERfACE C U T E R  
rC 

ROSETTE DECK NIT SLIP RIB K 

9 1  TCH 
% - A  

D C T  

Figure 4. CTD Data A c q u i s i t i o n  System. 

MCNETIC TAPE 
R E r n  - * 

, 

XYY' PLOTTER 
- 

Lam? 
DIGITAL DATA - 



plo t s  were produced f o r  each c a s t  on a Hewlett-Packard X Y Y '  Plo t t e r  

and Model 9862A Plo t te r .  

Digitized data were col lected as  the  CTD sensor un i t  was lowered a t  

15 m / m i n .  on a four conductor cable. All three  parameters ( C y T y  and 0 )  

were sampled once each 405 milliseconds o r  every 10 cm a t  the 15 m/min. 

lowering r a t e .  For primary ca l ib ra t ion  of temperature and s a l i n i t y ,  a 

Ni ski n Bottle equipped with paired protected deep-sea reversing thermo- 

meters was tr ipped a f t e r  a four-minute equi l ibra t ion period a t  the 

maximum sample depth in  mixed layers .  Other water samples were 

col lected during ascent a t  depths se lected a f t e r  examination of the  

downcast temperature s t ruc ture .  

All data recorded on HP car t r idge  tape were processed according t o  the 

methods described by Chandler, e t  a l .  (1978) in  the  sequence shown i n  

Table 1. Sa l in i t y  was calculated from conductivity according t o  the 

equations of Broenkow, -- e t  a l .  (1977). Broenkow's equation and a flow 

diagram showing i ts  use i s  presented i n  Figure 5. 

The CTD system was cal ibra ted only against  bo t t l e  samples i n  mixed 

layers  t o  insure t ha t  the sensors and the bo t t l es  were sampling the  same 

water. However, s ince  a mixed layer  was not always observed, comparisons 

could not be made a t  every s ta t ion .  Sa l in i ty  and temperature ca l ib ra t ion  

data a re  included in Appendix . I .  

For the  s a l i n i t y  ca l ib ra t ion ,  time?dependent and depth-dependent o f f s e t s  

were determined. The time-dependent p lot  of bottle-CTD s a l i n i t y  shows no 

appreciable time-dependent change (Figure 6 ) .  This constant o f f s e t  was 



Tab le  1. CTD/Data Flow. Shipboard A c q u i s i t i o n  t o  NODC Submission. 

Data Source/Di spos i  ti on Program Data F i l e  

HP C a r t r i d g e  Tapes *CTDACQ (CTD sensor c o n t r o l l e r  and da ta  
a c q u i s i t i o n )  

*CTDAVE (Raw da ta  processed f o r  tempera- 
t u r e  l a g ,  depth l a t c h  and meter  
averag ing  immediate ly  a f t e r  each 
c a s t )  

Pr imary  C a l i  b r a t i o n  f rom *HP/CTD (Ca l cu la tes  s a l i n i t y ,  conver ts  
B o t t l e  Casts t o  NODC format ,  and t r a n s f e r s  

t h e  da ta  t o  Cyber) 

Type i n  Mceaders on F i l e  Head NODC + HEAD 

**NUTMERG (Merges NOUC da ta  w i t h  headers 
and chemical  d a t a )  

Submission t o  NODC CI-04 

**CEMLIST (Ca l cu la tes  sigma- t , s p e c i f i c  
volume anomal ly,  oxygen u t i l i z a -  
t i o n  and p r i n t s  t e c h n i c a l  r e p o r t  
pages 1 

and 

**STALIST ( P r i n t s  s t a t i o n ,  l i s t  f o r  t e c h n i c a l  
r e p o r t )  

TECHNICAL REPORT 



where: R  = 

Z = 

T = 

c = 

5 = 

+ 

.OR996 + 28.2972R15 + 1 2 . 8 0 0 3 2 ~ ~ ~ ~  - 1 0 . 6 7 8 6 9 ~ ~ ~ ~  

+ 5 . 9 8 6 2 4 ~ ~ ~ ~  - 1 . 3 2 3 1 1 ~ ~ ~ ~  

c o n d u c t i v i t y  r a t i o  

depth (meters)  

temperature (OC) 

measured conducti v i  t y  (nu~~hos/cm) 

s a l i n i t y  (O/oo) 

ii 
1 

SO/oo our 

* w i t h o u t  t h e  Rz term 

Rz - p r e s s u r e  e f f e c t  on c o n d u c l i v i l y  

A T  - l r m p e r a t u r e  e f f e c t  

RT R ( S . t . p )  c o n d u c t i v i t y  r a t i o  

bl5* t15 c o r r e c t  ton ( I n t e r n a t  i o n d l  Oceanogrdphlc 
Tables .  1966) 

Figure  5 .  Broenkow S a l i n i t y  Equat ion and Flow Diagram. 



CRUISE CI-04-78 MEAN -0.124 

STANDARD DEVIATION = 0.012 

CONSECUTIVE CAST NUMBER 

DEPTH 00 

F igu re  6. Top: Time-dependent p l o t  o f  bott le-CTD s a l i n i t y .  Bottom: Depth- 
dependent p l o t  o f  bott le-CTD s a l i n i t y .  



determined t o  be . I 24  0100 w i t h  a standard d e v i a t i o n  o f  0.012 O/oo. 

The depth-dependent p l o t  of bott le-CTD s a l i n i t y  i n d i c a t e s  no s i g n i f i c a n t  

depth -dependent o f f s e t  (F igure  6) .  

The mean d i f f e r e n c e  between CTD and reve rs ing  thermometers was 

+0.020°C w i t h  a standard d e v i a t i o n  o f  + o f  0.009°C. This  o f f s e t  was n o t  

considered s i g n i f i c a n t ,  and no systemat ic  c o r r e c t i o n  was a p p l i e d  t o  t h e  

data. 

The CTD depth sensor when compared t o  w i r e  o u t  under cond i t i ons  o f  

zero w i r e  angle i n d i c a t e d  no o f f s e t  was necessary. 

XBT Data Acqui s i  ti on and Processi n g  

A Sippican Model LM3A handheld launcher and a MK2A-1 recorder  were 

used f o r  XBT casts.  The temperature/depth p l o t s  were manual ly d i g i t i z e d ,  

and these data were placed i n  NODC format  and merged w i t h  processed 

CTD data. Depths a t  which temperature i s  a whole o r  h a l f  degree a re  

repo r ted  as a re  depths a t  which 'a s i g n i f i c a n t  mixed l a y e r  begins and ends. 

During t h i s  cru ise,  t he  XBT system was no t  c a l i b r a t e d  aga ins t  CTD 

casts.  Previous comparisons y i e l d e d  a 0. Z°C o f f s e t  which i s  i n s i g n i f i c a n t  

compared t o  the  s ta ted  accuracies o f  t he  XBT system. 

Physical  and Chemical Procedures 

Sal i n i  t y  samples c o l l  ected f o r  c a l  i b r a t i n g  the  CTD system were 

analyzed ashore u s i  ng a P l  essey Model 6230N i nduct i  on s a l  i nometer. 

Dissolved oxygen samples were analyzed du r ing  the  c r u i s e  by the 

mod i f i ed  Winkler  method o u t l i n e d  by S t r i c k l a n d  and Parsons (1965). 

The n u t r i e n t  ana lys i s  was performed a t  Duke U n i v e r s i t y  Marine Laboratory 



using Tec hnicon Autoanalyzer procedures. The procedures a re  based on 

the manual methods of Murphy and Riley (1962) for  reactive phosphate and 

Armstrong, Stearns, and Strickland (1967) for  dissolved s i l i c a t e ,  n i t r a t e ,  

and n i t r . i t e .  The automated methods have been described by Friedrich and 

Whitledge (1972). 

Chlorophyll -a was determined f l  uorometrical ly  by the methods 

out1 ined by Strickl and and Parsons (1 965). 



RESULTS AND DISCUSSION 

G u l f  Stream meandering has been r e l a t e d  t o  upwe l l i ng  a t  t he  she l f  

break w i t h  e a s t e r l y  movements o f  t h e  stream r e l a t e d  t o  lower temperatures 

a t  t h e  s h e l f  break (Atkinson, 1977). Thus, any observed o f f s h o r e  

meander should co inc ide  w i t h  upwel l  i ng. Conversely, the  onshore 

movement o f  t h e  G u l f  Stream would r e s u l t  i n  downwell ing and a r i s e  i n  

Lrrrlperature a t  t h e  s h e l f  break. The f i v e  onshore-of fshore sec t ions  completed 

of f  Brunswick c l e a r l y  show v e r t i c a l  advec t ion  i n  as!sociat ion w i t h  the  

meander o f  t h e  G u l f  Stream. The f o l l o w i n g  i s  a d e s c r i p t i o n  o f  each sec t ion :  

Sec t ion  1, Sta t i ons  33C t o  43C, 17-18 A p r i l .  (F igures  7-8).  
-. 

The shel f waters were we1 l mixed w i t h  we1 1 -def ined h o r i z o n t a l  g rad ien ts  

apparent o n l y  i n  t he  temperature, s a l i n i t y  and sigma-t d i  s t r i  bu t ions .  The 

temperature, s a l i n i t y ,  n u t r i e n t  and oxygen d i s t r i b u t i o n s  a1 1 i n d i c a t e d  

s t rong  upwe l l i ng  a t  t h e  s h e l f  break. The iso therm p o s i t i o n s  showed t h e  

G u l f  Stream t o  be o f f s h o r e  o f  t he  s h e l f  break. 

Sect ion 2, S ta t i ons  47X-51X, 18 A p r i l .  (F igure  9) .  

The isotherms cont inued t o  i n d i c a t e  s t rong  upwe l l i ng  a t  t he  she l f  

break. The G u l f  Stream was s t i l l  o f f s h o r e  o f  t he  shel f .  

Sec t ion  3, S ta t i ons  62X-66X, 19 Ap r i  1. (F igure  9 ) .  

Upwel l ing was apparent a t  t h e  s h e l f  break b u t  had decreased i n  

i n t e n s i  ty. A general  lower ing  o f  shel f break i sotherms i n d i c a t e d  downward 

advect ions o f  warmer sur face  waters. 

Sec t ion  4, S ta t i ons  71C t o  75C, 20 A p r i l .  (F igures 10-11). 

The onshore meander o f  t he  G u l f  Stream, as i n d i c a t e d  by t h e  iso therm 

p o s i t i o n s ,  r e s u l t e d  i n  downwell ing a t  t he  s h e l f  break. Warmer, l o w - n u t r i e n t  
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Figure 8. Brunswick section ni trate,  phosphate, s i l ica te  and dissolved oxygen. 17 Apri 1.  Nutrients are in 
pM and oxygen in nl / l  . 
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F igu re  9. Temperature p r o f i l e  f o r  s t a t i o n s  47X - 51X, 18 A p r i l  and 62X - 66X, 
19 Ap r i  1. 
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water  dominated a t  t h e  sur face.  

Sec t ion  5, S ta t i ons  93C t o  97C, 21 A p r i l .  (F igures  12-13). 

Warm, l o w - n u t r i e n t  water  cont inued t o  be found a t  t h e  sur face  a t  

t h e  s h e l f  break. The onshore movement o f  t h e  25OC iso therm i n d i c a t e d  

f u r t h e r  westward meander o f  t he  G u l f  Stream. 

Onshore-offshore Meanders. 

The onshore-of fshore v e l o c i  t i e s  were determined f rom t h e  d i  stance 

the  lg°C iso therm moved du r i ng  the  f i v e  observa t ion  per iods  (Table 2 ) .  

Determi n a t i o n  o f  h o r i z o n t a l  advec t ion  through the  f i r s t  two sec t ions  

showed an o f f s h o r e  f l o w  o f  10.8 crn sec- l .  By t he  t h i r d  sec t ion ,  t h i s  

o f f s h o r e  f l o w  had reversed and t h e  G u l f  Stream was moving shoreward a t  

-7.9 cm sec- l .  Th is  onshore advec t ion  o r  westward meander o f  t h e  G u l f  

Stream cont inued through the  remainder o f  the  study. 

V e r t i c a l  Advect i  on. 

V e r t i c a l  advec t ion  a t  t h e  s h e l f  break was determined f rom the  change 

i n  t he  depth o f  t he  19' i so therm through t h e  f i v e  hydrographic sec t i ons  

(Table 2 ) .  

An upwe l l i ng  v e l o c i t y  o f  -4.3 x cm s e c - l  was observed through 

the  f i r s t  two onshore-of fshore sec t ions .  Th is  p e r i o d  o f  upwe l l i ng  

corresponded t o  t h e  observed o f f s h o r e  movement o f  t he  Gu l f  Stream. Down- 

we1 l i n g  v e l o c i t i e s  o f  2.0 x l o m 3  and 8.2 x 10-3 cm s e c - l  were observed 

du r i ng  t h e  t h i r d  and f o u r t h  sec t ions .  Th is  downwell ing was associated 

w i t h  t he  westward meander o f  t h e  G u l f  Stream du r ing  t h e  same per iod .  

The f i n a l  sec t i on  (Sec t ion  5 )  revealed the  resumption o f  upwel l ing ,  

b u t  a t  a  l e s s e r  v e l o c i t y  than i n  t h e  i n i t i a l  sec t ions .  The 
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Figure 12.  Stations 93C - 97C temperature, salinity and sigma-t, 21 April. 
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Table 2. V e r t i c a l  and onshore-of fshore v e l o c i t i e s  o f  t h e  190 i so therm o f f  Brunswick:  (+down, o f f s h o r e ;  - 
up, onshore).  

Sec t ion  1 2 3 4 5 

S t a t i o n  
Time (d /h )  

V e r t i c a l  Ve loc i  t i e s  : 

Depth (lg°C ) (m)  
A t ime  ( h )  
A depth (m 1 .a (cm sec- ) 

Onshore - Of fshore  V e l o c i t i e s  : 

A t ime  ( h )  
A d i s tance  (km) 
V e l o c i t y  (cm sec-1) 



east-west cu r ren ts  were s t i l l  onshore du r ing  the  f i n a l  p e r i o d  b u t  a t  a  

cons iderab ly  reduced r a t e  as compared t o  the  prev ious sect ions.  The 

resumption o f  upwel l ing  and s lack ing  o f  the  westward f l o w  du r ing  the  f i f t h  

s e c t i o n  suggests t h e  imminent reversa l  o f  the onshore-offshore f l o w  t o  an 

eastward d i r e c t i o n  w i t h  the  resumption o f  upwel l ing.  

One alongshore XBT sec t i on  on the  50m i soba th  was completed on 

21 A p r i l  a f t e r  sec t i on  5 o f  t he  onshore-offshore t ime se r ies  g r i d  ( ~ i g u r e  

14). This  nor th-south sec t i on  crossed the  onshore-offshore sec t ion .  

F igure  14 revea ls  a  mass o f  coo le r  upwel led water n o r t h  o f  the t ime 

se r ies  g r i d  a t  s t a t i o n  87X. This  mass o f  cool  water corresponds w i t h  

the ex is tence o f  upwel l ing  f o u r  days e a r l i e r  a t  a  p o s i t i o n  76 km south on 

the  t ime se r ies  sec t ion .  S ta t ions  south o f  87X showed lower isotherms 

which s low ly  moved upward as. S t a t i o n  91C was approached. These depressed 

isotherms correspond w e l l  w i t h  t h e  downwell ing and onshore f low several  

days be fore  a t  the  t ime se r ies  g r i d  s ta t i ons .  The e levated isotherms 

seen a t  S t a t i o n  90X genera l l y  conform t o  the  observed upwel l ing  seen the 

day be fore  along the f i n a l  t ime ser ies  sect ion.  

A  cons idera t ion  o f  temperature a t  one posi  ti on on the  she1 f break 

(F igure  15) through the  f i v e  t ime s e r i e s  sec t ions  r e f l e c t s  t rends v i s i b l e  

i n  t h e  cross s h e l f  sec t i on  p l o t s  (F igures 7-13). The isotherms were 

e levated d u r i  ng the  upwel l  i ng lo f f sho re  f l ow  pe r iod  a t  t he  begi nni  ng o f  

the study and lowered as downwell ing and onshore f l o w  came t o  dominate the  

s h e l f  break area. The s l i g h t  r i s e  o f  the  isotherms on the  l a s t  days can 

be a t t r i b u t e d . t o  the  modest resumption o f  upwel l ing.  
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Temperature-Sal i n i  t y  Re la t i onsh ip .  

A p l o t  o f  temperature vs. s a l i n i t y  f o r  a l l  BLM-DOE s t a t i o n s  (1C- 

118C) d u r i n g  10-23 A p r i  1  1978 revea led  two d i s t i n c t i v e  wate r  masses 

( F i g u r e  16) .  Low-sa l i n i  ty, t h e r m a l l y  mixed waters  can be seen on t h e  

s h e l f ,  whi l e  h i g h - s a l i n i  ty,  t h e r m a l l y  s t r a t i f i e d  wate r  was found i n  t h e  

o f f s h o r e  G u l f  Stream waters .  



SALINITY 

Figure 16. Temperature-sal i n i  t y  diagram of  a1 1 BLM-DOE s t a t i o n s  (1C-118C) 
10-23 April 1978. T-S points  f o r  each s t a t i o n  a r e  connected. 



SUMMARY 

The she l f  waters were v e r t i c a l l y  w e l l  mixed w i t h  h o r i z o n t a l  s t r a t i -  

f i c a t i o n  apparent o n l y  i n  t he  temperature, s a l i n i t y ,  and sigma-t d i s t r i b u -  

t i o n s .  A G u l f  stream meander was observed a t  t h e  s h e l f  break which, a t  

f i r s t ,  moved o f f s h o r e  a t  10.8 cm sec- '  . The meander then reversed, moving 

onshore w i t h  an i n i t i a l  v e l o c i t y  of -7.9 cm sec" . This shoreward advec t ion  

cont inued through t h e  remainder o f  t h e  s tudy b u t  a t  a decreasing v e l o c i t y  

An upwe l l i ng  v e l o c i t y  o f  -4.3 x 1 0 ' ~  cm sec-' was observed i n  assoc ia t i on  

w i t h  t he  o f f s h o r e  meander o f  t he  G u l f  Stream. The onshore mean'der r e s u l t e d  

i n  downwell ing a t  t h e  s h e l f  break w i t h  v e r t i c a l  v e l o c i t i e s  as h igh  as 

8.2 x cm sec - l .  The f i n a l  day showed weak onshore movement and a 

resumption o f  upwel l ing ,  though a t  a lower v e l o c i t y  than observed i n i t i a l l y  

i n  t he  s tudy.  
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APPENDIX I 

Cali bration Data 



SALINITY CALIBRATION DATA: 

B o t t l e  CTD 
St'a t i on Depth S a l i n i t y  S a l i n i t y  D i f f e r e n c e  



TEMPERATURE CALIBRATION DATA 

Reversing Thermometer 
Temperature 

CTD 
S t a t i o n  Depth . '1 2 Ave Temperature D i ' f fe rence 



APPENDIX I1 

Hydrographi c Data 



STATION SUHHARY FOR ISELIN CRUISE CI-04 

CRUISE STATION LATITUDE LONGITUDE 

004 OOlC 32 5.2N 78 7.7U 

004 002C 32 12.ON 78 16.OU 

004 003C 32 19.3N 78 24.5U 
004 004C 32 26.1N 78 32.8U 

004 005C 32 29.7N 78 37.2U 

004 OO6C 32 3.3.3N 78 41.3U 
004 007C 32 40.5N 78 49.3U 

004 008C 32 47.2N 78 58.5U 

004 OO9C 32 54.2N 79 6.8U 
004 018CU 31 59.1N 80 44.8U 

004 Ol9C 31 54.3N 80 35.6U 

004 020C 31 49.5N 80 24.5U 
004 021C 31 45.ON 80 13.OU 
004 022C 31 42.4N 80 .9U 

004 023C . 3 1  36.1N 7950.6U 
004 024CU 31 30.ON 79 38.OU 

~ 0 4  025C 31 29.ON 79 30.5U 

004 026C 31 22.5N 79 22.OU 
004 033C 30 45.8N 79 42.OU 
004 034C 30 49.6N 79 54.4U 

004 035X 30 52.ON 79 59.4U 
004 036C 30 52.7N 80 1.2U 
004 037C 30 54.6N 80 7.OU 

004 O38X 30 56.ON 80 13.4U 
004 039C 30 57.6N 80 20.OU 

004 040C 31 2.ON 80' 30.5U 
004 041CU 31 6.ON 8 0 4 2 . 0 ~  
004 042C 311O.ON 8054.OU 

004 043C 3115.ON 81 8.OU 
004 047X 3057.ON 8019.4U 
004 048X 30 55.ON 80 12.6U 
004 049X 30 54.ON 80 7.3U 

004 050X 30 53.ON 80 2..2U 
004 O5lX 3052.ON 7957.2U 
004 OS3X 30 53.5N 00 5.OU 

004 057C 30 53.4N 80 5.4U 
004 O6OC 3053.5N 80 4.1U 
004 062X 30 57.7N 80 19.5U 

004 063X 30 55.4N 80 12.6U 
004 064X 30 53.5N 80 7.5U 
004 065X 30 52.5N 80 2.5U 

YR HN DY HOUR 
GfiT 

78 4 12 5.7 

78 4 14 6.7 

78 4 14 9.8 
78 4 14 12.1 

78 4 14 16.9 

78 4 15 5.4 
78 4 15 6.9 

78 4 15 8.3 
78 4 15 9.7 
78 4 16 16.0 
78 4 16 18.3 

78 4 16 20.5 
78 4 16 22.8 

78 4 17 .7 

78 4 17 2.7 
78 4 17 5.2 

78 4 17 6.9 

78 4 17 9.9 
78 4 17 23.0 

78 4 18 1.7 
78 4 18 3.6 
78 4 18 4.0 

78 4 18 5.1 
76 4 18 5.9 
78 4 18 6.5 

78 4 18 7.8 
78 4 18 9.3 
78 4 18 10.7 

78 4 18 12.2 

78 4 18 17.1 
78 4 18 17.5 
78 4 18 17.8 

78 4 18 18.5 
78 4 18 18.9 
78 4 itl 20.6 
78 4 19 1.6 
78 4 19 13.0 
78 4 19 19.9 

78 4 19 21.0 
78 4 19 21.8 
78 4 19 22.6 

DEPTH CONSEC 

H NUMBER 

51 5 1 

373 2 
290 3 
248 4 

240 5 

4 6 6 

3 5 7 
29 8 

19 9 
12 18 

16 19 

20 20 
25 2 1 

37 22 

4 4 23 
123 24 

337 2 5 

460 2 6 
525 ' 33 

280 3 4 

117 35 
5 5 36 

4 1 3 7 

39 38 
3 9 3 9 

34 4 0 
26 4 1 
18 42 

12 4 3 
35 4 7 
4 0 4 8 
42  4 9 

5 0 50 
250 5 1 

4 3 5 3 

4 4 57 
4 4 6 0 

3 8 6 2 

4 0 6 3 
4 2 .64 
6 8 65 



I S E L I N  CRUISE CI-04 

CRUISE STf lTION L A T I T U D E  LONGITUDE 

CCONTINUEDI  

YR f i N  DY HOUR 
GHT 

78 4 19 23.0 
78 4 2 0  .9 
78 4 20 13.0 
78 4 20 15.9 
78 4 20 17.0 
78 4 2 0 1 8 . 0  
78 4 20 19.2 
78 4 20 20.4 
78 4 20 23.9 
78 4 21 10.1 
78 4 21 11.1 
78 4 21 12.1 
7E1 4 21 13.1 
78 4 21 14.6 
78 4 21 17.5 
78. 4 21 18.3 
78' 4 21 19.5 
78 4 21 20.6 
78 4 21 21.6 
78 4  21 23.9 
78 4 22 4.5 
78 4  22 5.5 
78 4 22 12.5 
78 4 22 19.9 
78 4 22 21.8 
78 4 22 23.2 
78 4 2 3  .1 
78 4 23 1.3 
78 4 23 2.4 
78 4 23 3.7 
78 4 23 4 . 6  
78 4 23 9.6 
78 4 23 10.7 
78 4 23 11.8 
78 4 23 13.0 
78 4 2 3 1 4 . 2  
78 4 23 15.7 

DEPTH 
H 

173 
4 4 
4 4 
36 
4 0 
4 5 

112 
244 

4 4 
52 
4 6  

4 9 
4 9 
4 4 
38 
3 9 
4 3 

123 
245 

4 6 
4 4 
4 5 
4 4 

430 
240 

5 5 
45 
4 1 
2 8 
2 9 
19 
19 
2 6 
26 
6 3 

130 
350 

CONSEC 
NUHBER 

66 
67 
69 
7 1 
7 2 
7 3 
74 
7 5 
7 7 

. 87 
8 8 
8 9 
9 0 
9 1 
9 3 
9 4 
9 5 
9 6 
9 7 
9 9 

101 
102 
103 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 



HYDROGRAPHIC DATA 

V e r t i c a l  p r o f i l e s  o f  s a l i n i t y ,  temperature, sigma-t, DO, ,and n u t r i e n t s  

The symbols used i n  t he  f o l l o w i n g  l i s t i n g s  are  de f i ned  as f o l l o w s :  

Header Data: Times are  GMT (EST + 5)  
L a t i t u d e  and Longitude are from Loran C 

Weather Data: These data a re  taken from the  s h i p ' s  log .  

Wind speed (knots )  
Wind d i r e c t i o n  (degrees) 
A i r  temperature (OC) 
Weather (WHO code 4501) 
Barometr i  c  pressure (mb) 
Sea S ta te  (WMO 3700) 
Wave d i r e c t i o n  (degrees ) 
Cloud type ( n o t  g i ven )  
Cloud amount ( n o t  g iven)  
V i s i b i l i t y  code ( n o t  g iven)  

Observations : Z = Depth i n  meters 
T = Temperature i n  OC 

S = S a l i n i t y  i n  O/oo 
D = Denst ty  i n  sigma-t u n i t s  

SVA = Spec i f i c - vo lume  anomaly X l o 5  
02 = Disso lved oxygen i n  m l / l i t e r  
02' = Oxygen s a t u r a t i o n  i n  m l / l  i t e r  

AOU = Apparent oxygen u t i l i z a t i o n  i n  m l / l i t e r  
PO4 = Phosphate concen t ra t i on  i n  ~ m o l e / l i t e r  

NO3 = N i t r a t e  concen t ra t i on  i n  pmo le / l i  t e r  
Si  = Si 1 i cate  concen t ra t i on  i n  pmole/ l  i t e r  



I S E L I N  CEUISE C I - 0 4  S1A 0 5 1 C  1 2 1  

L k l  32 5 .2N LONG 7 8  7 . 7 U  b E f T H  

1 ~ 1 7 8  5 . 7  Gnl  CONSEC s r a  I 

=;l:n I ~ I S T  L A S T  s T n  = 0 . 0 1 : ~  

UEfilHEk D A T A  

U lND SPEED = ?? KTS 
u l n i l  ~ I ~ ~ E C I I O N  = 210 

AIR TEMP = 22.8C 
UEAIHER CODE = 
OkkOMElFilC' PRESSURE = 1 0 1 3 . 8  M6 

01 

2 T  S  D SUA 

?.O 2 3 . 6 9  3 6 . 4 1  24 .81  314 

3 . 0  2 3 . 6 9  3 6 . 4 1  2 4 . 8 1  3 1 5  

4 . 0  2 3 . 6 9  36 .41  24 .81  3 1 5  

5 . 0  2 3 . 6 9  3 6 . 4 2  2 4 . 8 2  314 

6 . 0  2 3 . 6 9  36 .41  24 .81  315 

7 . 0  2 3 . 6 9  36 .41  24 .81  3 1 5  

8 . 0  2 3 . 6 9  36 .41  24 .81  3 1 5  

9 . u  2 3 . 6 9  3 6 . 4 2  2 4 . 8 2  314 

1 0 . 0  23 .68  36 .41  2 4 . 8 1  3 1 5  

1 1 . 0  2 3 . 6 9  36.41 24.81 31s 
1 2 . 0  2 3 . 6 9  36 .41  24 .81  315 

1 3 . 0  ? 3 . 6 9  3 6 . 4 1  24 .81  315 

2 7 . 0  23 .61  36 .41  2 4 . 8 3  3 1 3  
2 8 . 0  ? 3 . 6 1  3 6 . 4 0  24 .82  314 

2 9 . 0  ? 3 . 6 1  36 .41  24 .83  3 1 3  

3 0 . 0  2 3 . 6 0  36 .41  Z4.B4 3 1 3  
3 1 . 0  2 3 . 6 0  36 .41  2 4 . 8 4  3 1 3  

3 2 . 0  ? 3 . 5 9  3 6 . 4 2  2 4 . 8 5  3 1 2  
3 3 . 0  2 3 . 5 8  1 6 . 4 1  24 .84  3 1 3  
3 4 . 0  2 3 . 5 5  36 .4? 24 .86  311 

3 5 . 0  2 3 . 4 9  3 6 . 4 4  2 4 . 8 9  308 
3 6 . 0  ?3 .45  36 .44  2 4 . 9 0  3 0 7  
3 7 . 0  ?3 .40  3 6 . 4 2  2 4 . 8 8  309 

3 6 . 0  ? 3 . 4 6  3 6 . 4 ?  2 4 . 8 8  309 

3 9 . 0  23 .46  3 6 . 4 ?  ?4 .88  309 
40 .0  ? 3 . 4 5  3 6 . 4 4  ?4 .90  307 

4 1 . 0  ?3 .44  3 6 . 4 3  2 4 . 9 0  308 

4 ? . 0  23 .38  3 6 . 4 1  2 4 . 9 0  l o ?  
4 3 . 0  ? 3 . 3 3  3 6 . 4 3  ?4 .93  305 

49 .0  2 3 . 2 9  36 .41  24 .93  305 

4 5 . 0  ? 3 . 2 4  3 6 . 4 3  2 4 . 9 6  302 
4 6 . 0  2 3 . ? 0  3 6 . 4 ?  24 .96  302 
4 7 . 0  ? 3 . ? 1  3 6 . 4 0  24 .94  304 

46 .0  ? 3 . I 9  3 6 . 4 3  24 .97  301 
4 9 . 0  2 3 . 0 8  3 6 . 1 3  25 .00  298 

5 0 . 0  2 3 . 0 4  3 6 . 4 3  25.61 297 
5 1 . 0  2 2 . 9 9  3 6 . 4 2  25 .02  296 

5 ? . 0  2 2 . 8 6  3 6 . 4 3  25 .07  292 

5 3 . 0  2 ? . 7 0  3 6 . 4 7  25.14 285 

5 4 . 0  2 ? . 5 5  3 6 . 4 9  25 .20  279 

5 5 . 0  2 2 . 3 4  3 6 . 4 9  25 .26  273 

5 6 . 0  ? 2 . 2 8  3 6 . 4 4  25 .24  2?5 

5 7 . 0  2 2 . 2 5  3 6 . 4 4  25 .25  275 
5 8 . 0  ?: . I8  3 6 . 4 3  25 .26  274 

5 9 . 0  2 2 . 1 5  3 6 . 4 3  2 5 . 2 7  273 

6 0 . 0  ?2 .14  36 .44  25 .28  2 7 2  
6 1 . 0  2 2 . 1 3  3 6 . 4 4  25 .28  272 

6 2 . 0  2 2 . 0 7  3 6 . 4 5  25 .31  269 

6 3 . 0  2 2 . 0 4  3 6 . 4 5  25 .32  269 
6 4 . 0  2 1 . 9 5  3 6 . 4 6  ?5 .35  265 

6 5 . 0  2 1 . 8 1  3 6 . 4 5  25 .38  2 6 2  
6 6 . 0  ? 1 . 7 6  36 .4b 2 5 . 4 0  2 6 0  

6 7 . 0  2 1 . 7 2  3 6 . 4 6  2 5 . 4 1  259 

6 8 . 0  2 1 . 6 5  3 6 . 4 5  25 .43  258 

6 9 . 0  ? 1 . 6 ?  36.4; 23 .43  258 
7 0 . 0  2 1 . 5 4  3 6 . 4 6  25 .46  255 

7 1 . 0  2 1 . 4 8  3 1 . 4 4  25 .47  255 

7 2 . 0  2 1 . 4 1  3 6 . 4 5  2 5 . 4 9  1 5 2  
7 3 . 0  2 1 . 3 6  36 .44  2 5 . 5 0  2 5 2  

7 4 . 0  2 1 . 3 2  3 6 . 4 4  25 .51  251 

7 5 . 0  2 1 . 2 8  3 6 . 4 4  2 5 . 5 2  2 5 0  
7 6 . 0  2 1 . 2 7  3 6 . 4 3  2 5 . 5 2  2 5 0  

7 7 . 0  2 1 . 2 6  3 6 . 4 4  ?5 .53  249 

78,O 2 1 . 2 2  36 .44  25 .54  248 
7 9 . 0  2 1 . 1 8  3 6 . 4 3  25 .54  248 

8 0 . 0  2 1 . 1 2  3 6 . 4 3  2 5 . 5 6  246 

8 1 . 0  2 1 . 0 4  3 6 . 4 3  25 .58  244 

8 2 . 0  2 1 . 0 1  3 6 . 4 3  2 5 . 5 9  2 4 3  

8 3 . 0  2 0 . 9 7  3 6 . 4 2  2 5 . 5 9  2 4 3  

8 4 . 0  2 0 . 9 4  3 6 . 4 3  25 .61  24? 

8 5 . 0  ?O.93 3 6 . 4 3  25 .61  2 4 1  

8 6 . 0  2 0 . 9 0  3 6 . 4 3  2 5 . 6 2  241 

8 7 . 0  ? 0 . 8 9  3 6 . 4 2  25 .61  241 
8 8 . 0  1 0 . 0 b  3 6 . 4 3  2 5 . 6 3  7 4 0  

' 8 9 . 0  ? 0 . 6 5  3 6 . 4 ?  2 5 . 6 2  2 4 0  

9 0 . 0  2 0 . 6 3  3 6 . 4 3  25 .64  239 

9 1 . 0  2 0 . 7 8  3 6 . 4 4  ?5 .66  2 3 7  

9?.O ? 0 . 7 2  3 6 . 4 3  ?5 .67  236 

9 3 . 0  ? 0 . 6 7  36 .43  ?:.be 2 3 5  

S E A  SlATE = 
UAVE LIlf iECIION = 
CLOUD TYPE = 
CLOUD AilOUNT = 
V I S I R I L I T Y  CODE = 

51611 

SRL 

TEMP 

511 

188.. 

la,. 

ZPB,. 

211%. 

388.. 

351,. 

'40B * .  

VIE., 

SEE*. 

S T R T I O N  I C  

22 2'i 2g 2g 38 
4 

- r p  3p 3? 3y ay 8 

I0 I K 21 ZK 30 * 

T E W  
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HYDROGRAPHIC OBSERVATIONS IN  THE 
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G. -A. Pa f fenhofer  

Skidaway I n s t i t u t e  o f  Oceanography 
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Savannah, Georgia 31406 
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The Technical Report Ser ies o f  t he  Georgia Marine Science Center 
i s  issued by the  Georgia Sea Grant Program and the  Marine Extension Serv ice  
o f  t he  U n i v e r s i t y  o f  Georgia on Skidaway I s l a n d  (P. 0. Box 13687, Savannah, 
Georgia 31406). I t  was es tab l ished t o  p rov ide  d isseminat ion o f  t echn ica l  
i n fo rma t ion  and progress r e p o r t s  r e s u l t i n g  from marine s tud ies  and i n v e s t i g a t i o n s  
main ly  by s t a f f  and f a c u l t y  o f  the  U n i v e r s i t y  System o f  Georgia. I n  add i t i on ,  
i t  i s  in tended f o r  the  presenta t ion  o f  techniques and methods, reduced data, 
and general i n fo rma t ion  o f  i n t e r e s t  t o  i ndus t r y ,  l o c a l ,  r eg iona l ,  and s t a t e  
governments and the  p u b l i c .  I n fo rma t ion  conta ined i n  these r e p o r t s  i s  i n  
the  p u b l i c  domain. I f  t h i s  p r e p u b l i c a t i o n  copy i s  c i t e d ,  i t  should be 
c i t e d  as an unpubl i shed manuscri p t .  
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ABSTRACT 

From 4 t o  8 Ju ly ,  1977, f i v e  hydrographic sect ions  and one 
temperature section were made in  the  Georgia Bight between Savannah, 
Georgia and Jacksonvi 1 l e y  Florida.  Sa l i n i t y ,  temperature, dissolved 
oxygen, nu t r i en t  (N03, PO4, Si02) and chlorophyll data were co l l ec ted .  

Nutrient r i ch  in t rus ions  of cold,  deep Gulf Stream waters were 
observed off Savannah and Jacksonvil le .  



INTRODUCTION 

This repor t  covers Georgia Bight c ru i se  CI-03-77 (4  t o  10 July  
1977) aboard the  R / V  COLUMBUS ISELIN. Geographically, the  c ru i se  
included the  continental shelf  region from Savannah, Georgia 
south t o  Jacksonvil le,  Florida. The object ive  was t o  c o l l e c t  physical 
and chemical data f o r  corre la t ion with biological data and current1 
temperaturelpressure data from moored instruments deployed by t he  
University of Miami (Dr. Tom Lee) (Fig. 1 ) .  In addi t ion,  temperature 
and conductivity data from the hydrographic work a r e  used t o  intercompare 
w i t h  the moored instruments. Correlation of the  hydrographic/chemical 
observations with the current  meter data wil l  be made a t  a l a t e r  time. 
The data wil l  provide information about the  Georgia Bight f o r  
in t rus ion s tudies  and f ron ta l  mappings. 

Five onshore-of f shore Conducti v i  tylTemperature1Depth ( C T D )  
sections and one Expendable Bathythermograph (XBT) section were 
completed during the  c ru i se  (Fig.  2 ) .  The XBT section repeated 
the  Brunswick CTD section ( s t a t i o n s  29X-37X). The Jacksonvil le 
section included three  XBT s t a t i ons  (50X, 51X, and 52X) and 
eleven CTD s ta t ions .  

The S t .  Simons XBT section was taken t o  locate  s i t e s  f o r  drogues 
which were t o  be deployed by t he  biological  group. During drogue 
tracking,  XBT and CTD s t a t i ons  a l t e rna ted  a t  90 minute in te rva l s  
(Fig. 3 ) .  After the drogues were re t r ieved a f i na l  XBT sect ion 
( A X ,  B X y  CX, D X )  was r u n .  Table 1 summarizes the  events. 

The processed hydrographic data a r e  avai lable  from the  
National Oceanographic Data Center (NODC). 

METHODS 

A t  CTD s t a t i ons  a General Oceanics Model 1015 Mark 5 Rosette 
Multi-Bottle Array (equipped w i t h  1.7 l i t e r  Niskin Bot t les)  and a 
Plessey CTD Sensor System were used. Bot t le  sampling depths were 
determined by examination of the.downcast temperature p rof i l e .  
During the u p ~ a s t ~ s a m p l e s  were taken near surface ,  j u s t  above o r  
below the  thermocline, a t  the  bottom and a t  other se lected depths. 
The samples were analyzed f o r  s a l i n i t y ,  n i t r a t e ,  phosphate, s i l i c a t e ,  
dissolved oxygen, and chlorophyll.  

Chemical and Physical Procedures 

In the  lab,  s a l i n i t y  samples were analyzed conductometrically 
using a Plessey Model 6230N Lab Salinometer. These samples were 
used to ca l i b r a t e  the  CTD system. A separate section of t h i s  repor t  . 
deals  w i t h  the  CTD ca l ib ra t ion  procedure. Temperature was determined 
w i t h  deep sea reversing thermometers, XBT's, and the CTD system. 

Oxygen samples were analyzed within 24 hours of col lect ion 
using a modification of t he  Strickland and Parsons (.1965) method. 

Nutrient samples were frozen in  polyethylene bo t t l es  and 
stbred i n  the  dark un t i l  thawed f o r  analysis  onshore. Colorimetric , 



Table 1. Sampling Events. 

Event 
S t a t i o n  Consecutive 

Designat ion # Time (GMT) (h/d/m/y ) 

- 

Savannah Sect ion 

Ossabaw Sect ion 
I 

Sapel o Sect ion 

S t .  Simons Sect ion 

S t a t i o n  37 

Jacksonv i l l e  Sect ion 

S t .  Simons Sect ion 

Drogue Locat ion  XBT' s 

Drogue Tracking S ta t i ons  

XBT Sect ion (Drogue t o  Savannah) 

-~~ - -  

1 C -  13C 

14C- 19C 

21C- 26C 

27C- 37C 

38C 

40C- 53C 

29X- 37X 

. D1X-  D2X 

101X-126X 

AX- DX 



determina t ions  o f  t he  n u t r i e n t  concent ra t ions  were made us ing  a Bausch 
and Lomb Spectronic  88 Spectrophotometer. S i l i c a t e  was determined 
by the  method o f  M u l l i n  and R i l e y  (1955) as m o d i f i e d  by S t r i c k l a n d  
and Parsons (1965), phosphate by t h e  method o f  Murphy and R i l e y  (1962) 
and n i t r a t e  by t h e  cadmium column r e d u c t i o n  technique o f  Gardner, 
e t  a l .  (1976). -- 

XBT Data A c q u i s i t i o n  and Processing 

A S ipp ican Model LM3A Handheld Launcher equipped w i t h  
T I 0  ( f o r  200 m cas ts )  o r  T6 ( f o r  450 m cas ts )  probes and Model 
MK2A-1 Recorders were used f o r  XBT cas ts .  The temperature versus 
depth p l o t s  were d i g i t i z e d  on a Hewlett-Packard (H-P) Model 9864A 
D i g i t i z e r  i n t e r f a c e d  w i t h  an H-P Model 9825A Ca lcu la to r .  The 
d i g i t i z e d  da ta  was s to red  on H-P c a r t r i d g e  tapes, t r a n s f e r r e d  t o  
Texas Inst ruments casset te  tapes, entered i n t o  t h e  U n i v e r s i t y  o f  
Georgia Cyber 70 computer-, fo rmat ted  f o r  NODC, and merged w i t h  
t h e  CTD data, producing a f i n a l  tape copy and p r i n t o u t  f o r  t h i s  r e p o r t .  

CTD Data A c q u i s i t i o n  and Processing 

The CTD system c o n s i s t s  of :  1 )  a Plessey Model 9400 Conduc t i v i t y /  
Temperature/Depth System; 2) a P l  essey Model 8400 D i g i  t a l  Data Logger 
(DDL) ; 3)  an H-P 9825A Ca lcu la to r ,  t o  c o n t r o l  t h e  cas ts  and reco rd  
the  data; 4)  a Kennedy Model 1600 Incremental  Magnetic Tape Recorder 
f o r  da ta  storage; 5) an H-P 7046 X Y Y '  Recorder, t o  p l o t  temperature 
and c o n d u c t i v i t y  versus depth; and 6)  an H-P 9862A P l o t t e r ,  t o  p l o t  
temperature versus depth and o the r  p l o t s .  The use o f  t h i s  system, 
and cop ies  o f  t he  Hewlett-Packard programs can be found i n  
Chandler, -- e t  a l .  (1978). A diagram o f  t h i s  system and genera l  da ta  
f l o w  a r e  presented i n  F igu re  4. 

P l o t s  from both  the  H-P 9862A and H-P 7046A p l o t t e r s  were logged 
and s to red  w i t h  t h e i r  r espec t i ve  s t a t i o n  sheets. The H-P system was 
s t i l l  i n  an experimental  stage du r i ng  t h i s  c ru i se ;  subsequently, 
H-P da ta  a re  repo r ted  o n l y  f o r  s t a t i o n s  1C-13C, where the  data 
recorded on t h e  Kennedy magnetic tape was inaccura te ,  due t o  a 
f a u l t y  temperature board i n  t h e  DDL. The remainder o f  t he  da ta  
were ex t rac ted  from data  s to red  on t h e  magnetic tape. Fu r the r  
computat ion and da ta  man ipu la t ion  were performed on a CDC Cyber 
70 computer. The e x t r a c t i o n  and processing was done accord ing t o  
t he  methods descr ibed by Chandler, e t  a l .  (1978), as summarized 
i n  Table 2. Upcasts da ta  f rom t h e  n ~ s e n s o r  a r e  repo r ted  f o r  
s t a t i o n s  1C-13C, 32C and 126C, where the  downcast da ta  was f a u l t y .  

CTD C a l i b r a t i o n  and E r r o r  Ana lys is  

The CTD system was c a l i b r a t e d  aga ins t  samples taken i n  mixed 
l aye rs .  Because the  c o n d u c t i v i t y  sensor i s  a f f e c t e d  by increased 
pressure a t  depth, regress ion  analyses were performed (F ig .  5 f o r  



Tab le  2. Data Flow. Shipboard A c q u i s i t i o n  t o  NODC Submit ted. 

Data Source /D ispos i t ion  Program Data F i l e  

S t a t i o n  14C-53C CTDRUN (Copies tape  da ta  t o  computer 
Tape f rom da ta  1 ogge'r f i l e )  

IS77 
MAGREAD (Conver ts  b i  na ry  coded da ta  

t o  decimal ) 
B I RANG 

Enter  dep th  o f f s e t  CTDUNIT (Conver ts  decinial  u n i t s  t o  
eng ineer ing  u n i  t s ;  e l  i m i  nates 
upcas t  da ta )  

LAG 
Readd i t ion  o f  upcast  LAGFILT (Coarse f i  1 t e r s  and temperature l a g )  

da ta  S t a t i o n s  32Cy49C,126C 
SW I T  

From HP9825A da ta  c a s s e t t e  SWITCH (Turns upcas t  da ta  around f o r  
S t a t i o n  1C-13C s t a t i o n  1C-13Cy32C,49C',126C) 

LATCH 
DLATCH (Removes decreas ing and repeated 

dep ths)  
CTDATA 

CTDAVE5 (One meter  average d a t a )  
AV E 

Pr imary c a l  i b r a t i o n  f rom BROENK (Ca l cu la tes  s a l i n i t y  and s igma-t )  
b o t t l e  c a s t s  and e n t e r  SGSA 
s a l  i n i  t y  o f f s e t  

NODCFO (Conver ts  t o  NODC fo rmat )  
NODC 

Type i n  headers on f i  1 e XBTIIERG (Merges headers and XBT d a t a )  
HEAD NODC + HEAD 

NUTMERG (Merges headers, NODC da ta  
and chemical  d a t a )  

Subrni t t e d  t o  NODC FINAL 
CEMBELL (Ca l cu la tes  s p e c i f i c  volume 

anomaly, oxygen u t i l i z a t i o n  
and c rea tes  t e c h n i c a l  r e p o r t  
pages) 

and 

STABELL (Creates s t a t i o n  1 i s t )  
TECHNICAL REPORT 



H-P data  and Fig.  6 f o r  magnetic tape data)  and the  r e s u l t i n g  
expressions (S = So + 0.102 - 3.67 x 10-4D and S = So .+ . l o 1  - 3.05 
x 1oe4D where S i s  t he  co r rec ted  s a l i n i t y ,  So i s  t he  s a l i n i t y  
w i thou t  c a l i b r a t i o n  o f f s e t  and D i s  t h e  depth o f  t he  sample) were 
app l i ed  t o  generate co r rec ted  s a l i n i t i e s  f o r  bo th  forms o f  c o l l e c t e d  
data. These expressions have a 0.012°/oo d i f f e r e n c e  a t  a depth of 
200 m.due t o  d i f f e r e n c e s  i n  the  number o f  deep data p o i n t s  a v a i l a b l e  
f o r  comparison. The c a l i b r a t i o n  data used t o  generate bo th  the  
o r i g i n a l  o f f s e t s  and t h e  formulated expressions f o r  t he  e f f e c t  of 
depth a r e  l i s t e d  i n  Tables 3 and 4. CTD s a l i n i t i e s  f o r  t he  same 
s t a t i o n s  may vary  i n  these tab les  due t o  s l i g h t  d i f f e r e n c e s  i n  t he  
a c q u i s i t i o n  systems. 

A depth o f f s e t  o f  + 2.29 meters was app l i ed  t o  zero t h e  depth 
sensor. The temperature sensor agreed w i t h  p ro tec ted  reve rs ing  
thermometers w i t h i n  the  range o f  accuracy ( +  0 . 0 2 ~ ~ ) ;  there fore ,  
no temperature o f f  s e t  was appl i ed. 

The composite maximum e r r o r  o f  t he  c o n d u c t i v i t y ,  temperature, 
and depth sensors r a t e d  accuracy, r e s o l u t i o n ,  and t ime constants 
and the  Broenkow (1977) equat ions f o r  sa l  i n i  t y  i s approximately 
+ 0.06~/00.  However, the standard d e v i a t i o n  o f  a1 1 n i x e d  l a y e r  
samples taken fo r  s a l i n i t y  c a l i b r a t i o n  a f t e r  o f f s e t  i s  .02. 

METEOROLOGICAL CONDITIONS 

Wind data fro111 the Savannah Nav iga t iona l  L i g h t  Tower (31057'N, 
80°41'W) a r e  presented i n  F igure  7. Winds were mos t l y  from t h e  south 
w i t h  increas ing  s t reng th  and the re  was no p r e c i p i t a t i o n .  

A i r  temperature ( ~ i g .  8 )  ranged from ~ 9 . 2 ~ ~  t o  31.5Oc and averaged 
30.5'~. The d a i l y  highs and n i g h t l y  lows increased 0.8% and 1.20C, 
respec t i ve l y ,  du r ing  the  5-day per iod .  

A d d i t i o n a l  data c o l l e c t e d  by the  s h i p ' s  personnel a t  each 
s t a t i o n  a r e  presented w i t h  the  da ta  (Appendix I ) .  

RESULTS AND DISCUSSION 

Hor i zon ta l  D i s t r i b u t i o n s  

Surface temperatures (F ig .  9 )  v a r i e d  from 28 t o  2 9 ' ~  w i t h  
warmest waters a t  t he  s h e l f  break. There were no s i g n i f i c a n t  
h o r i z o n t a l  g rad ien ts .  Near bottom temperatures (F ig .  10) decreased 
towards' o f f s h o r e  w i t h  s t rongest  g rad ien ts  between 20-23OC. The 
near bottom isotherms trended southwest i n d i c a t i n g  a l a r g e  subsurface 
i n t r u s i o n  t o  the  south o f  the  observa t ion  area. 

Surface s a l i n i t y  (F ig .  11) was lowest  o f f  t h e  Savannah R iver  
and maximums were found mid-she l f  and t o  t h e  south. Near-bottom 
s a l i n i t y  (F ig .  12) was s i m i l a r  i n  t rend  b u t  h igher  than surface 
sa l  i n i  ty. 

Surface d e n s i t y  (F ig.  13) r e f l e c t e d  the  r a t h e r  chao t i c  thermal 
d i s t r i b u t i o n ;  however, near-bottom dens i t y  (F ig.  14) increased 
offshore i n  response t o  the  decreasing temperature. 



Table 3 .  S a l i n i t y  c a l i b r a t i o n  o f  Hew le t t  Packard da ta  
(C ru i se  CI-03-77).  

Consecut ive S t a t i o n  Depth B o t t l e  CTD D i f f e r e n c e  
Cast No. No. (m) O/oo 0 0  B o t t l  e-CTD 

o/oo 



Table 3. Continued 

Consecutive S ta t ion  Depth Bot t le  CTD Difference 
Cast No. No. ( m )  0100 O/oo Bottle-CTD 

0100 



Table 4. S a l i n i t y  c a l i b r a t i o n  o f  magnetic tape data 
(Cru ise  CI-03-77). 

Consecutive S t a t i o n  Depth B o t t l e  CTD D i f f e r e n c e  
Cast No. No. (n) O/oo O/oo Bottle-CTD 

o/oo 

45C 
49C 

104C 
1 OGC 
l l 0 C  



Near-bottom n u t r i e n t  concent ra t ions  (F igs.  15-17) were very  h igh  
i n  ou te r  s h e l f  waters i n  response t o  the  assumed i n f l u x  o f  deeper 
G u l f  Stream waters. Low sur face s i  1  i c a t e  concentrat ions ( F i g  . 18),  
which i n d i c a t e  r u n o f f  d i s t r i b u t i o n ,  were genera l l y  low. 

Surface c h l o r o p h y l l  concent ra t ions  (F ig .  19) were h ighes t  
nearshore o f f  Jacksonvi 1  l e  whi l e  near-bottom concent ra t ions  (F ig .  20) 
were h igh  nearshore o f f  Savannah. A  mid-she l f  maximum o f  4pg 1 - I  
was found o f f  Jacksonv i l l e .  

V e r t i c a l  D i s t r i b u t i o n s  

The v e r t i c a l  sec t ions  (F igs.  21-31) c l e a r l y  show the  apparent 
a c t i v e  advect ion  o f  deeper G u l f  Stream water onto the  s h e l f .  These 
waters a r e  c h a r a c t e r i s t i c a l l y  co lder ,  s a l t i e r  and con ta in  h igh  
n u t r i e n t  concentrat ions and low oxygen. 

The core  of h igh  d e n s i t y  water ( >  36.50~/00) ,  which i n d i c a t e s  
the G u l f  Stream core, was f u r t h e r  o f f s h o r e  o f f  Savannah (F ig .  21) 
and J a c k s o n v i l l e  (F ig .  29) r e l a t i v e  t o  t h e  area between (F igs .  23, 
25, and 27). Th is  observat ion i s  conf irmed i n  t h e  lower temperatures 
a t  t h e  s h e l f  break o f f  Savannah and Jacksonv i l l e .  

Mid-she l f  upwel l ing  appeared t o  be occu r r i ng  mid-she l f  a t  a l l  
sec t ions  except Jacksonv i l l e .  The r e s u l t  was a lower temperature, 
h igher  s a l i n i t y  band t h a t  i s o l a t e d  a  l ens  o f  warm lower s a l i n i t y  
water over t he  ou te r  s h e l f .  One r e s u l t  was a  maximum i n  pyncoc l ine  
s t reng th  over t h a t  ou te r  s h e l f .  O f f  J a c k s o n v i l l e  no ou te r  she l f  
low s a l i n i t y  band was observed a l though the  dens i t y  sec t i on  i n d i c a t e s  
s l i g h t  e ros ion  o f  the thermocl ine. 

The o n l y  t ime se r ies  observat ions made, exc luding the  drogue 
t r a c k i n g  experiment, were the  S t .  Simons sec t i on  which was r u n  on 
6-7 J u l y  (F ig .  27-28) and again on 8  J u l y  (F ig .  31). As s ta ted  
prev ious ly ,  t he  S t .  Simons sec t i on  was between t h e  two zones o f  
G u l f  Stream i n t r u s i o n .  On 6-7 J u l y  the  G u l f  Stream was near the  
s h e l f  break and the  2 4 ' ~  water was apparent ly  stranded on the  ou te r  
s h e l f .  On 8 J u l y  the  i n n e r  s h e l f  waters appeared t o  be unchanged 
b u t  18OC water invaded the  ou ter  s h e l f  waters rep lac ing  the  24-25Oc 
water p rev ious l y  there .  This  observa t ion  conf i rms the  hypothesis 
o f  n o r t h e r l y  propagat ion o f  G u l f  Stream meanders and eddies. 

To p lace the  hydrographic s i t u a t i o n  i n  r e l a t i o n  t o  n u t r i e n t  
d i s t r i b u t i o n  and c h l o r o p h y l l  concent ra t ions  composite p l o t s  were 
made (Figs. 32-35). F ig .  32 shows the  r e l a t i v e  p o s i t i o n  of t he  
sect ions.  The temperature-ni  t r a t e  composite (F ig.  33) shows the  
g rea tes t  i n t r u s i o n  o f  2 pM NO3 water o f f  Savannah and J a c k s o n v i l l e  
and t h e  l e a s t  pene t ra t i on  o f f  S t .  Simons. Temperature-chlorophyl l  
comparisons (F ig .  34) suggest t h a t  c h l o r o p h y l l  p roduct ion  occurs 
a t  t h e  " l ead ing  edge" o f  the  i n t r u d i n g  water. 

NUTRIENT RELATIONSHIPS 

The r e l a t i o n s h i p s  between n u t r i e n t ,  temperature and s a l i n i t y  
a re  use fu l  f o r  da ta  q u a l i t y  assessment and e l u c i d a t i o n  of c e r t a i n  
b i o l o g i c a l  and phys ica l  i n t e r a c t i o n s .  



The n i t ra te -phosphate  p l o t  (F ig .  36) shows t h e  t y p i c a l  1 6 : l  
n i t r a t e  t o  phosphate r a t i o .  A t  low concent ra t ions  phosphate was 
d i s p r o p o r t i o n a t e l y  h igher  than n i t r a t e  p o s s i b l y  becau,se o f  f a s t e r  
re lease  o f  phosphate i n  sur face  and s h e l f  waters. 

The s i l i c a t e - n i t r a t e  p l o t  (F ig .  37) shows d i r e c t  c o r r e l a t i o n  
between t h e  two. 

The nu t r i en t - t empera tu re  p l o t s  (F igs .  38-40) show t h e  1 i n e a r  
r e l a t i o n  t h a t  e x i s t s  i n  these waters. The n i t r a te - tempera tu re  and 
phosphate-temperature p l o t s  (F igs .  38-39) a r e  q u i t e  1 i n e a r  up t o  
2 3 ' ~  above which non-conservat ive processes p r e v a i l .  The s i l i c a t e -  
temperature p l o t  (F ig .  40) i s  n o t  l i n e a r  b u t  does behave s i m i l a r l y  
t o  n i t r a t e  and phosphate above 23 '~.  The n o n - l i n e a r i t y  i s  a r e s u l t  of 
m ix ing  o f  severa l  water types i n  t h e  5-15OC temperature range 
(Stefdnsson and Atk inson,  1971). 

Temperature-Sal i n i  t y  

The composite T-S p l o t  f o r  a l l  samples (F ig .  41) i s  t y p i c a l  
o f  summer c o n d i t i o n s  i n  t he  B igh t .  There were cons iderab le  amounts 
o f  water between 15 and 2 3 ' ~  t h a t  were s l i g h t l y  lower i n  s a l i n i t y  
than normal Gulf Stream waters and represent  m ix tu res  o f  s h e l f  and 
G u l f  Stream waters. Waters g r e a t e r  than 2 7 O ~  v a r i e d  i n  s a l i n i t y  
from 33.8 t o  36.40100 w i t h  lower values f rom nearshore o f f  Savannah. 

A T-S a n a l y s i s  o f  each s e c t i o n  i n d i c a t e d  t h a t  t h e  s h e l f  was 
f looded w i t h  waters o f  dominant G u l f  Stream c h a r a c t e r i s t i c s  except  
nearshore o f f  Savannah. 

The s a l i n i t y  maximum appeared a t  s t a t i o n  53C, J a c k s o n v i l l e  sec t ion ,  
w i t h  values o f  36.800/00 (see da ta  i n  Appendix and F ig .  29) .' 

Oxygen Anomaly 

The oxygen anomaly (Richards and Redf ie ld ,  1955) ( F i g .  42) 
i n d i c a t e s  whether t h e  observed G u l f  Stream waters a r e  o f  Caribbean o r  
A n t i l l e s  o r i g i n .  Waters o f  Caribbean o r i g i n  g e n e r a l l y  have anomalies 
g r e a t e r  than 0.5 o r  1.0 m l  1-1 w h i l e  water of A n t i l l e s  o r i g i n  has no 
anomally. Anomalies l e s s  than 0.5 m l  1-1 a r e  n o t  s i g n i f i c a n t  and 
those i n  waters l e s s  dense than a = 25 a re  n o t  i nc luded  because of 
non-conservat ive processes. The T arges t  anomal i e s  (+ 0.99 t o  1.32) 
were found mid-depth a t  s t a t i o n  26C i n  t h e  Sapelo sec t i on  and 
s t a t i o n s  27C and 28C i n  t he  S t .  Simons sec t ion .  These sec t ions  a r e  
a l so  where t h e  G u l f  Stream was f u r t h e s t  west. 

Since e s s e n t i a l l y  a l l  samples g r e a t e r  than UT = 25 had a s i g n i f i c a n t  
anomaly, we conclude t h a t  t h e  sampled waters were o f  Caribbean r a t h e r  
than A n t i l l e s  o r i g i n .  

DROGUE OBSERVATIONS 

A drogue was launched a t  23.7 (GMT) on 8 J u l y  and t racked u n t i l  
13.8 on 10 J u l y .  The drogue s a i l  was p laced a t  a depth o f  24-26 meters 
which was below t h e  thermocl ine.  Dur ing the  drogue t r a c k i n g  experiment, 
XBT and CTD samples were taken a l t e r n a t e l y  every 90 minutes. CTD cas ts  



a l s o  i n c l u d e d  n u t r i e n t  and c h l o r o p h y l l  samples. These da ta  a r e  i nc l uded  
i n  Appendix 11. 

The drogue t r a c k  ( ~ i g .  43) was t o  t h e  n o r t h e a s t  w i t h  a  t i d a l  
onshore /o f fshore  d r i f t .  The n e t  drogue movement co inc ided  w i t h  t h e  
mean wind. 

F i g u r e  44 i s  a  t ime  s e r i e s  o f  parameters measured d u r i n g  t h e  
drogue d r i f t .  The 3  hour wave f e a t u r e  n o t i c e a b l e  i n  t h e  t he rmoc l i ne  
i s  p a r t l y  due t o  d i f f e r e n t  response t imes  o f  t h e  CTD and XBT's. 
The drogue appa ren t l y  d i d  n o t  t r a c k  t h e  same water  mass. Bottom 
temperatures. decreased f rom 2 3 ' ~  t o  21°c and then  warmed aga in  towards 
t h e  end o f  t he  sampl ing pe r i od .  The presence o f  water  approaching 
21°c i s  cr'i t i c a l  s i nce  a t  t h a t  temperature,  n i t r a t e  concen t ra t i ons  
i nc rease  d r a m a t i c a l l y .  Wi th  t h e  i nc rease  i n  n u t r i e n t s ,  c h l o r o p h y l l  
increased.  

SUMMARY 
1. Dur ing  t he  sampl ing p e r i o d  subsur face i n t r u s i o n s  o f  G u l f  Stream 

water  pene t ra ted  p a r t l y  across t h e  s h e l f  o f f  Sdvannah; however, of f  
J a c k s o n v i l l e  t h e  i n t r u s i o n  o f  n u t r i e n t  r i c h  water  extended across 
t h e  s h e l f  t o  w i t h i n  - ca. 20 km o f  t h e  coas t .  Between t h e  Savannah 
and J a c k s o n v i l l e  sec t ions , the  G u l f  Stream was nearer  shore and 
r e l a t i v e l y  warmer water  was found i n  t h a t  area. It i s  concluded 
t h a t  e i t h e r  a  G u l f  Stream meander o r  eddy was p resen t  n o r t h  o f  
Savannah and l i k e w i s e  o f f  J a c k s o n v i l l e .  There a r e  n o t  s u f f i c i e n t  
da ta  t o  determine whether a  meander o r  eddy was p resen t .  

0 
2. O f f  S t .  Simons 23.5 C water  was appa ren t l y  s t randed on t h e  

s h e l f  by a  shoreward m i g r a t i o n  o f  t h e  G u l f  Stream. 

3. Ch lo rophy l l  concen t ra t i ons  were g e n e r a l l y  h i g h  i n  nearshore 
areas and a t  t he  l ead ing  edge o f  subsur face G u l f  Stream i n t r u s i o n s .  
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Fig .  2. Georgia B igh t ,  s t a t i o n  l oca t i ons ,  Cru ise  CI-03-77, hydrographic 

l eg .  



Fig. 3. Drogue t r a c t .  In 8 July  23.7 GMT, out  10 July  18.8 G M T ,  
samples taken every 90 minutes. 
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F i q .  4 .  Schematic o f  CTD a c q u i s i t i o n  system. 
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WIND 

1 '  I 1 I I I 

4 - 8  JULY 1977 

F ig .  7. Wind data,  Savannah Nav iga t i ona l  L i g h t  Tower, 4-8 J u l y  1977, 
a t  one-hour i n t e r v a l  s (B lan ton ,  B a i l e y  and Hayes (1  978) ) .  



Fig. 8. Air temperature (OC) data, Savannah Navigational Light Tower, 
4-8 July 1977, at one hour intervals (Blanton, Bailey and Hayes, 1978)). 
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Fig. 9. Horizontal surface temperature (OC) distribution. 



BOTTOM TEMPERATURE (OC) 
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Fig. 10. Horizontal bottom temperature (OC) distribution. 



SURFACE SALINITY (%o) 

-i- CRUISE Cl-03-77 
4 - 8  JULY 1977 

Fig. 1 1  . Horizontal surface salinity (O/oo) distribution. 
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BOTTOM SIGMA-T 
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Fig .  14. Hor i zon ta l  bottom sigma-t d i s t r i b u t i o n .  



BOTTOM NITRATE (UM) 

CRUISE C l -  03-77 

4-8 JULY 1977 

F i g .  15.  H o r i z o n t a l  b o t t o m  n i t r a t e  ( ~ J M )  d i s t r i b u t i o n .  
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BOTTOM PHOSPHATE (UM) 
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F i g .  16 .  H o r i z o n t a l  bottom phospha te  (NM) d i s t r i b u t i o n .  



BOTTOM SILICATE (DM) 
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F ig .  17.  Hor i zon ta l  bottom s i l  l c a t e  (uM) d i s t r i b u t i o n .  
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SURFACE SILICATE (UM) . 
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Fig. 18. Horizontal surface silicate (vM) distribution. 



SURFACE CHLOROPHYLL-A (UG/L) 
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Fig, 19. Horizontal surface chlorophyll -a (ug/l ) distribution. 



BOTTOM CHLOROPHYLL-A (LJG/L) 
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Fig. 20. Horizontal bottom chlorophyll -a (vg/l ) distribution. 
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F ig .  21 . V e r t i c a l  d i s t r l  b u t i o n  o f  temperature (OC) , sal i n i  t y  (Oleo), 
sigma-t, and oxygen (ml / l ) ,  Savannah sec t ion ,  4-5 J u l y  1977. 
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F i g .  22. V e r t i c a l  d i s t r i  bu t lon  of n u t r i e n t s  ( vM)  and c h l o r o p h y l l  -a 
( p g / l ) ,  Savannal~ s e c l i u r ~  2-5 July 1977. 
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TEMPERATURE P C )  
F i g .  38. Nitrate (;M) versus tenlperature (OC) p l o t .  



TEMPERATURE f°C) 
r i g .  39. Phosphate (DM)  v c r s u s  temper.ature ('CI p l o t .  



TEMPERATURE ("C) 
Fig. 40. Silicate versus temperature (OC) p l o t .  



F i g .  41. Temperature (OC) versus  s a l  i n i  t y  (O/oo) p l o t ,  c r u i s e  CI-03-77. 



DENSITY (Qj) 

Fig. 42 .  Oxygen ( m l l l )  versus sigma-t p l o t ,  c r u i s e  CI-03-77. Concen- 
t r a t i o n  of oxygen i n  f u l l y  s a t u r a t e d  Sargasso Sea type water ( - - - ) .  
Curve f o r  ac tua l  Sargasso Sea water (-). 



Fig. 43. Drogue t r a c t .  In 8 July 23.7 GMT, out 10 July 
18.8 GMT, samples taken every 90 minutes. 
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F i g .  44. Time ser ies  of parameters measured during the drogue 
d r i f t .  (s ta t ions 101x-126C). I n  t h e  same area marked "see caption," 
s a l i n i t i e s  are not contoured because of extreme sca t te r .  
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Hydrographic Data 



STATION SUilkARY FOR I S E L I N  CRUISE CI -03 I S E L I N  CRUISE C I - 0 3  

CRUISE 

003 
003 
003 
003 
003 
003 
003 
003 
0 0 1  
003 
003 
003 
003 
003 
003 
053 

003 
003 
003 
003 
003 
003 
003 
0 0 1  
003 
0 0 1  

003 
003 
003 
003 
003 
003 
003 
003 
OOJ 

003 
003 
003 
033 
003 
OOJ 
003 
003 
003 
003 
003 
003 

SIRTION LATITUDE 

Table 5. 

LONGITUDE 

8 0  42.0U 
8 0  16.IU 
80 30.0U 
80 24.5U 
00 I8 .5U 
80 12.4U 
80 6.5U 
80 .9U 
79 54.6U 
79 49.4u 
79 43.0U 
7 9  37.5U 
79 31.5U 
79 35.9U 
79 47.7U 
79 59.8U 
80 11.5u 
00 23.5U 
80 35.OU 
80 44.9U 
8 0  32.9U 
80 2I.OU 
80 9.0'4 
79 57.OU 
79 45.OU 
79 5?.8U 
79 50.5U 
80 4.5U 
80 10.OU 
80 15.5U 
00 2I.SU 
80 ?7.3U 
80 33. IU 
80 38.8U 
8 0  4 4 . f U  

85 50.OU 

80 58.51 
81 6.SU 
81 .4U 
80 54.1U 
80 47.9U 
80 41.7U 
80 35.OU 
8 0  29.0U 
80 23.0U 
80 16.59 
8 0  10.2U 

Y R  /IN D Y  HOUR 
GtlT 

77 7 4 18.0 
77 7 4 19.9 
77 7 4 20.8 
77 7 4 2 2 . 1  
7 7  7 4 23.3 
77 7 5 1.0 
77 7 5 2.3 
77 7 5 4.1 
77 7 5 5.0 
77 7 5 6.7 
77 7 5 7.6 
77 7 5 9.0 
77 7 5 10.2 
77 7 5 14.7 
77 7 5 17.2 
77 7 5 18.6 
77 7 5 20.5 
77 7 5 21.9 
77 7 5 2 3 . 3  
77 7 6 1.5 
77 7 6 3.0 
77 7 6 4.4 
77 7 6 5.9 
77 7 6 7.2 
77 7 6 8.5 
77 7 6 13.0 
77 7 6 16.6 
77 7 6 18.4 
77 7 6 20.7 
77 7 6 21.9 
77 7 6 23.3 
7 7 7 7  .2 

77 7 7 1.8 
77 7 7 2.8 

77 7 7 4.2 
77 7 7 5.3 
77 7 7 9.0 
77 7 7 11.8 
77 7 7 13.2 
77 7 7 14.2 
77 7 7 15.9 
77 7 7 16.8 
77 7 7 19.8 
77 7 7 21.0 
77 7 7 22.5 
77 7 . 7 23.8 
77 7 8 1.1 

S t a t i o n  Summary 

DEPTH CONSEC 
I( NUMBER 

I 4  I 

13 2 
17 3 
18 4 
21 5 
29 6 
34 7 
1 8  0 
40 9 
41 10 
54 11 

113 12 
241 13 
274 14 

63 I 5  
41 16 

33 17 
23 I 0  

19 I 9  
17 20 
25 21 
40 22 
43 23 
45 24 

232 25 
588 26 
I 9 0  27 

58 28 
38 29 
34 3 0  
33 31 
3 2  3 2  
27 33 
28 . 34 
21 35 
18 36 
22 37 

20 3 8  
27 39 
28 40 
20 41 
31 42 
36 43 
3 8  44 
39 45 
43 46 

206 47 

f o r  

CRUISE SIATION LATITUDE 

003 0 5 0 1  30 I4.9N 

003 O5lX 3 0 1 4 . 7 N  

003 052X 30 15.0N 

003 O53C 30 14.5N 

033 029X 30 51.ON 
003 O3OX 30 53.3N 

003 0 3 1 1  30 55.ON 

003 Oj2X 35 57.ON 
003 0 3 4 1  31 1.5N 
003 0353 31 3.5N 
003 , 0 3 6 1  31 5.7N 
003 0 3 7 1  31 7.5N 

' 003 ODlX 30 59.2N 
003 OD!X 31 I .4N 
003 l O l X  l O 5 6 . 3 N  
003 lO2C 30 56.21 
003 103X 30 56.2 l i  
003 lO4C 30 56.7N 
003 105X 30 57.51 
003 106C 3 0  57.5H 
003 107X 30 58.4N 

0 3  lO8C 30 S9.IN 
003 lO9X 30 3V..ON 
0 0 1  l lOC 30 59.3N 
003 l l l X  3 0 5 9 . 5 1  
003 1 I 2 C  3 0  59.4N 
003 I 1 3 X  31 .9N 
003 I I 4 C  31 2.OH 
003 115X 3 0  50.414 
003 l l 6 C  31 .5H 
003 117X 31 2.5H 

903 l l 8 C  31 2.2N 
003 l l 9 X  11 2.4N 
063 120C 31 3.ON 
003 121X 31 1.4N 
003 122C 31 3.3N 
003 123X 31 4.5N 
003 124C 31 4.9N 
003 l25X 31 3.7N 
003 l26CU 31 3.7H 
003 OOAX 3 1 1 8 . O H  
003 OObX 31 28.ON 
503 OOCX 31 38.7N 
003 OODX 31 49.2N 

Cruise CI-03-77. 



HYDROGRAPHIC DATA 

V e r t i c a l  p r o f i l e s  o f  s a l i n i t y ,  temperature, sigma-t, DO, and n u t r i e n t s  

The symbols used i n  t h e  f o l l o w i n g  l i s t i n g s  a r e  de f i ned  as fo l lows:  

Header Data: Times a r e  CMT (EDT + 4) 
L a t i t u d e  and Longi tude a re  f rom Loran C 

Weather Data : These data a r e  taken f rom t h e  s h i p ' s  l o g .  

Wind speed ( kno ts )  
Wind d i r e c t i o n  (degrees) 
A i r  temperature (OC) 
Weather (WMO code 4501) 
Barome,tric pressure (mb) 
Sea S ta te  (WMO code 3700) 
Wave d i r e c t i o n  (degrees) 
Cloud type  ( n o t  g i ven )  
Cloud amount ( n o t  g iven)  
V i s i b i l i t y  code ( n o t  g i ven )  

Observat ions : Z = Depth i n  meters 
T = Temperature i n  OC 

S = S a l i n i t y  i n  O/oo 
D = Dens i ty  i n  sigma-t u n i t s  

SVA = S p e c i f i c  volume anomaly x  l o 5  
O2 = Dissolved oxygen i n  m l / l  i t e r  
0  '= Oxygen s a t u r a t i o n  i n  m l / l i t e r  

A O ~  = Apparent oxygen u t i l i z a t i o n  i n  m l / l i t e r  
PO4 = Phosphate concen t ra t i on  i n  ~ m o l e / l i t e r  
NO3 = N i t r a t e  concen t ra t i on  i n  p r ~ o l  e / l  i t e r  
S i  = S i l i c a t e  concen t ra t i on  i n  p m o l e / l i t e r  
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Abst rac t  

During a c r u i s e  i n  the  Georgia B i g h t  i n  December 1976 two 
onshore-offshore hydrographic sect ions were repeated th ree  times over 
a four-day per iod.  Temperature, s a l i n i t y ,  d isso lved oxygen, and 
n u t r i e n t  (N03, PO4, and Si02) data were co. l lected.  

The s h e l f  waters were v e r t i c a l l y  w e l l  mixed w i t h  ho r i zon ta l  
g rad ients  t y p i c a l  o f  w i n t e r  cond i t ions .  A Gul f  Stream meander 
was observed near the  s h e l f  break w i t h  upwel l ing  v e l o c i t i e s  as 
h igh  as 2.8 x 10-2 cm sec-1 and an along stream propagation of 
31 cmlsec (26.8 kmlday). 



I n t r o d u c t i o n  

Th i s  r e p o r t  con ta ins  chemical and phys i ca l  da ta  ob ta ined du r i ng  
Georgia B i g h t  c r u i s e  CI-12-76 (9-15 December 1976) aboard t h e  
R / V  COLUMBUS ISELIN. The i n v e s t i g a t i o n  was p a r t  o f  a l a r g e r  
m u l t i - i n s t i t u t i o n a l  Department o f  Energy program t o  understand 
event scale, phys ica l ,  chemical, and b i o l o g i c a l  processes of t h e  
South A t l a n t i c  B igh t ,  t he  c o n t i n e n t a l  s h e l f  r e g i o n  f rom Cape Hat te ras  
t o  Cape Canaveral. The study repo r ted  here i s  concentrated i n  t h e  
Georgia B i g h t  near Savannah, Georgia. S p e c i f i c a l l y ,  t he  o b j e c t i v e  
was t o  c o l l e c t  phys i ca l  and chemical data such t h a t  3-dimensional, 
quas i -synopt ic  measurements of..the i n t e r a c t i o n s  o f  s h e l f  and 
G u l f  Stream waters cou ld  be made. I n  a d d i t i o n ,  t h e  hydrographic 
data were used t o  compare w i t h  moored inst ruments deployed by t h e  
U n i v e r s i t y  o f  Miami (Dr .  Tom Lee). The hydrographic da ta  se ts  
a re  ava i  lab1 e from t h e  Nat iona l  Oceanographic Data Center (NODC) . 

Methods 

Two onshore-of fshore hydrographic sec t ions  were repeated th ree  
t imes (F igu re  1 )  between 10 and 14 December. Between s t a t i o n s  
a thermosal inograph was operated t o  o b t a i n  a d e t a i l e d  map o f  
sur face  temperatures and s a l i n i t i e s .  

A t y p i c a l  hydrographic s e c t i o n  cons is ted  o f  a l t e r n a t e  CTD 
(conduct i  v i  t y /  temperature ldepth)  Roset te cas ts  and XBT (expendable 
bathythermograph) cas ts  a t  approx imate ly  10 k i  1 ometer i n t e r v a l s .  
The Brunswick sec t i on  (14-15 December) cons is ted  e x c l u s i v e l y  o f  
XBT s t a t i o n s  10 k i l ome te rs  apar t .  

A t  CTD s ta t i ons ,  a General Oceanics Model 1015 Mark 5 Roset te 
mu1 t i - b o t t l e  a r r a y  w i t h  1.7 l i t e r  N i s k i n  B o t t l e s  and a Plessey 
Model 9400 CTD sensor system were used f o r  water sampling. N i s k i n  
sampling depths were determined f rom t h e  temperature s t r u c t u r e  
obta ined f rom the  CTD. Samples were taken near t he  sur face,  j u s t  
above o r  below t h e  thermocl ine, a t  t h e  bottom, and occas iona l l y  a t  
o the r  depths. Samples were analyzed f o r  s a l i n i t y ,  n i t r a t e ,  phosphate, 
s i l i c a t e ,  and d i sso l ved  oxygen. 

Chemical and Physica l  Procedures 

S a l i n i t y  samples were analyzed conduc tomet r ica l l y  us ing  a 
Plessey Model 6230N sal inorneter.  Values obta ined were used t o  
c a l i b r a t e  t h e  Plessey Model 9400 CTD system. A separate sec t i on  
o f  t h i s  r e p o r t  d e t a i l s  t he  CTD c a l i b r a t i o n  procedure. Temperature 
was determined w i t h  deep sea r e v e r s i n g  thermometers, XBTts, and 
the  CTD system. 

Dissolved oxygen analyses were performed w i t h i n  24 hours o f  
c o l l e c t i o n  us ing  a mod i f i ed  Wink ler  procedure ( S t r i c k l a n d  and 
Parsons, 1965). 

N u t r i e n t  samples were immediately f r ozen  i n  po lye thy lene b o t t l e s  
and s to red  i n  t he  dark u n t i l  thawed and analyzed ashore. C o l o r i m e t r i c  



Figure  1. . Locat ion  of S ta t i ons  on Cru ise  CI-12-76. 



determinations of nutrient concentrations were made u t i l iz ing  a 
Bausch and Lomb Spectronic 88 spectrophotometer with a sample 
sipper. S i l i ca t e  was determined by the method of Mull in and 
Riley (1955) as modified by Strickland and Parsons (1965), 
phosphate by the method of Murphy and Riley (1962), and n i t r a t e  
by the cadmium column reduction technique as modified by Gardner, 
e t  a l .  (1976). -- 

XBT Data dcqui s i  t i  on and Processing 

A Sippican Model LM3A handheld launcher and an MK2A-1 recorder 
were used for  XBT casts .  The temperature/depth plots were manually 
digit ized and these data were placed in NODC format and merged 
with processed CTD data. Depths a t  which temperature i s  a whole 
or  half degree are  reported as a re  depths a t  which a s ignif icant  
mixed layer begins or ends. 

CTD Data Acquisition 

The CTD u n i t  consists of a Plessey Model 9400 CTD sensor system 
with a Model 8400 d ig i ta l  data logger and Kennedy Model 1600 
incremental magnetic tape recorder fo r  data acquisition and storage. 
A redundant X Y Y '  plot was made of a l l cas t sus ing  a Hewlett-Packard 
Model 7046 X-Y -Y  recorder which was calibrated with a precision 
1 OVDC source. 

Digitized data were collected as  the CTD sensor u n i t  was 
lowered a t  15m/min on a two conductor cable. All three parameters 
(C, T ,  and D )  were sampled once each 229 m i  1 liseconds or  every 
6 cm a t  the 15m/min lowering ra te .  For primary calibration of 
temperature and sa l in i ty ,  a Niskin bot t le  equipped w i t h  paired 
protected deep sea reversing thermometers was tripped a f t e r  a 
four minute equilibration period a t  the maximum sample depth 
in mixed layers. Other water samples were collected during ascent 
a t  depths selected a f t e r  examination of the downcast temperature 
structure.  The average time for  s ta t ions less  than 100 meters in 
depth was 25 minutes; for  those greater than 100 meters, average 
time was 48 minutes, with a maximum of 65 minutes a t  s ta t ion 20C. 

CTD Data Processing 

CTD plots were logged and stored with the i r  respective s tat ion 
sheets. All data recorded on magnetic tape were extracted and 
processed according to  the flow scheme shown in Table 1. Computation 
and data manipulation were performed on a CDC Cyber 70/74 computer. 
All CTD data were acquired and processed according to  the methods 
described by Chandler, e t  a l .  (1978). 

CTD Calibration 

The CTD system was calibrated only against bot t le  samples in 
mixed layers to  insure that  the sensors and the bot t les  were sampling 



Tab le  1. CTD/Data Flow. Shipboard A c q u i s i t i o n  t o  NODC Submission. 

Data Source /D ispos i t ion  Program Data F i l e  

Tape f rom Data Logger MAGREAD (Conver ts  b i n a r y  coded da ta  t o  dec ima l )  

BIRANG 

CTDUNIT (Conver ts  decimal u n i t s  t o  eng ineer ing  
u n i t s )  

LAG 

LAGFILT (Course f i  1 t e r s  and temperature l a g )  

LATCH 

DLATCH (Removes decreas ing and repeated dep ths)  

CTDATA 

CTDAVE5 (One meter  average da ta  l e s s  than  100 
meters  and 5 meter  average da ta  a f t e r  
100 meters )  

Pr imary C a l i b r a t i o n  f rom BROENK (Ca l cu la tes  s a l i n i t y  and s igma-t )  
B o t t l e  Casts 

SGSA 

NODCFO (Conver ts  t o  NODC fo rma t )  

NODC + HEAD 

NUTMEKG (Merges NODC da ta  w i t h  headers and 
chemical  d a t a )  

FINAL (CTD) 

STAMERG (Merges CTD and XBT d a t a )  

Submission t o  NODC 

CEMLIST (Calcu l a t e s  s p e c i f i c  volume anomal l y ,  
oxygen u t i l i z a t i o n ,  e tc . )  

TECHNICAL REPORT 



t he  same water. However, s ince  a mixed l a y e r  was n o t  always observed, 
comparisons cou ld  n o t  be made a t  every s t a t i o n .  The r e s u l t i n g  
mean o f f s e t ,  + 0.020~/00 (F igure  2) was app l i ed  t o  a l l  s t a t i o n s  
a t  which the  maximum sampling depth was l ess  than 50m. A t  depths , 

greater  than 50m, i t  was found t h a t  t he  e f f e c t s  o f  pressure cou ld  
n o t  be neglected. For these s t a t i o n s  a regress ion  ana lys i s  was 
performed (F igure  3 )  and an expression (S = So + 0.023 - 1.57 x 
1 0 - 4 ~  where. S i s  t he  co r rec ted  sa l i . n i  ty, S i s  the  c a l c u l a t e d  sa l  i n i  ty 
wi thou t  a c a l i b r a t i o n  o f f s e t  and D i s  t he  !epth o f  t he  sample) was 
obtained. Th is  expression was app l i ed  t o  generate co r rec ted  
s a l i n i t i e s  a t  a l l  CTD s t a t i o n s  a t  which the  maximum depth was 
g rea te r  than 50~1. 

A f t e r  t he  e n t i r e  data s e t  was t r e a t e d  w i t h  the  der ived o f f s e t  
equation, + O.lOO/oo was added t o  the  s a l i n i t i e s  f rom cas ts  49C, 
64C, and 99C. It i s  thought t h a t  powering up operat ions may be 
the  cause o f  these h igher  o f f s e t s  as 2 o f  the  3 problem cas ts  
(49C and 99C) were a t  the  beginning o f  sect ions.  The c a l i b r a t i o n  
data used t o  generate both the  o r i g i n a l  o f f s e t  and the  subsequent 
expression f o r  t he  depth e f f e c t  a re  l i s t e d  i n  Table 2. ( S t a t i o n  
numbers a re  d iscont inuous s ince  thermosalinograph s t a t i o n s  were 
es tab l ished a t  i n t e r v a l s  between hydrographic sec t i ons ) .  C a l i  b r a t i o n  
data f o r  s t a t i o n s  49C, 64C, and 99C were r e j e c t e d  i n  e s t a b l i s h i n g  
the  o r i g i n a l  o f f s e t  equat ions. 

No depth o f f s e t  was necessary, and no terrrperature o f f s e t  was 
app l i ed  s ince  the  CTD temperature sensor agreed w i t h  p ro tec ted  
revers ing  thermometers w i t h i n  the  range o f  accuracy (+  0.02OC). 

CTD E r r o r  Ana lys is  

The Plessey Model 9400 CTD system has the  f o l l o w i n g  r a t e d  
accuracy, r e s o l u t i o n ,  and t ime constants (Table 3) .  

Table 3. S p e c i f i c a t i o n s  f o r  Plessey Model 9400 CTD System. 

Conduc t i v i t y  Temperature Depth 

Accuracy 

Resol u t i  on 

Time Constant 

+ 0.03 mmho/cm + 0.02 '~ -1- 1.5 m 

0.0001 mmho/cm 0 . 0 0 0 1 ~ ~  0.0012 m 

0.1 sec 0.35 sec 0.1 sec 

Since s a l i n i t y  i s  n o t  meas~rred d i r e c t l y ,  i t  must be c a l c u l a t e d  f rom 
the  above parameters, r e s u l t i n g  i n  the  composite e r r o r s  o f  the  C, T, 
and D sensors and the  s a l i n i t y  equat ion. 

By vary ing  " r e a l "  C, T, and D by the  r a t e d  sensor accuracies 
i n  t he  s a l i n i t y  equat ion (Tables 4 and 5),  the  maximum e r r o r  
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F igu re  2 .  Mean o f f s e t  f o r  s a l i n i t i e s  a t  s t a t i o n s  a t  which t h e  maximum 
sampl ing dep th  was l e s s  than  50m (- mean o f fse t ; - - - - -  s tandard 
d e v i a t i o n ) .  
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Figure  3. Regression ana lys i s  o f  s a l i n i t y  o f f s e t  versus depth o f  sample. 



Table 2. Cruise CI-12-76 S a l i n i t y  C a l i b r a t i o n  Data. 

Consecutive S t a t i o n  Depth B o t t l e  D i  f fe renge 
Cast No. No. ( m  O/oo CTD O/oo Bottle-CTD( l o o )  



Table 4. Broenkow's S a l i n i t y  Equations. 

where: R = c o n d u c t i v i t y  r a t i o  

Z = depth (meters) 

T = temperature (OC) 

C = measured c o n d u c t i v i t y  (mmhos/cni) 

S = s a l i n i t y  (O/oo) 



Table 5. Flow Using Broenkow's S a l i n i t y  Equations. 

1 
S0/00 OUT 

*w i thout  t h e  RZ term 

RZ = pressure e f f e c t  on c o n d u c t i v i t y  

AT = temperature e f f e c t  

RT = R(S,t,p) c o n d u c t i v i t y  r a t i o  

A - t15 c o r r e c t  i o n  ( I n t e r n a t i o n a l  Oceanographic 
1 5- Tab1 es, 1966) 



a t t r i b u t a b l e  t o  each. sensor can be determined. The composite 
maximum e r r o r  i s  approximately + 0.06~/00 f o r  " r e a l "  data sets.  
However, t he  standard d e v i a t i o n  o f  a l l  mixed l a y e r  samples taken 
f o r  s a l i n i t y  c a l i b r a t i o n  purposes imp l ies  g rea te r  accuracy, namely 
+ 0 .02~ /00  a f t e r  o f f s e t  f o r  t h i s  data set .  We be l i eve  t h i s  value 
i s  a more r e a l i s t i c  measure o f  t he  q u a l i t y  o f  t h e  data set.  



Meteorological  Condi t ions 

Wind data from Savannah, Georgia a re  presented i n  F igure  4. 
These data a r e  der ived from the  monthly summary f o r  December 1976 
(U.S. Department o f  Commerce, December 1976) and a r e  p l o t t e d  i n  
GMT a t  three-hour i n t e r v a l s .  

Winds were genera l l y  n o r t h e a s t e r l y  from 9-15 December w i t h  
a sou the r l y  i n t e r r u p t i o n  on 11 and 12 December. The s t rongest  
winds were observed on 13 December averaging 9.0 knots. 

A i r  temperature a t  t he  Savannah s t a t i o n  ranged from 9 ' ~  t o  
2 2 O ~  dur ing  the c r u i s e  per iod .  Add i t i ona l  meteoro logical  data, 
c o l l e c t e d  by the  s h i p ' s  personnel, a re  presented w i t h  the  data. 



Figure 4. Wind speed and direction recorded a t  Savannah Airport. 



Resul ts  and Discussion 

The r e s u l t s  o f  t h e  synopt ic  mapping a r e  shown i n  F igures 5-16 i n  
bo th  h o r i z o n t a l  and v e r t i c a l  planes. 

Surface Temperature D i s t r i b u t i o n s  

Inc luded w i t h  t he  th ree  sur face  temperature maps i s  t h e  map 
obta ined by the  Coast Guard A i rborne  Rad ia t i on  Thermometer f l i g h t  on 
9  December 1976 (F igu re  5 ) .  Surface temperature over  the  t ime 
p e r i o d  increased towards the  o f f s h o r e  w i t h  isotherms p a r a l l e l i n g  
the  coast.  The Stream was, as determined by t h e  21-24 '~ isotherm, 
meandering w i t h  t he  maximum o f f s h o r e  p o s i t i o n  i n  t he  southern p a r t  of 
t he  area on 10-11 December, and, w i t h  t ime, m i g r a t i n g  n o r t h  u n t i l  
t he  14 th  when the  o f f s h o r e  meander was apparent ly  n o r t h  o f  t h e  
observa t ion  area. The ART f l i g h t  da ta  i n d i c a t e s  t h a t  on 9  December 
t he  Stream was r e l a t i v e l y  f a r  t o  t h e  west. The s t ronges t  thermal 
g rad ien ts  were observed on 12-13 December when the  Stream was 
advancing again t o  t he  west. 

Subsurface D i  s t r i  bu t ions  

G u l f  Stream meandering has been r e l a t e d  t o  upwe l l i ng  a t  t h e  
s h e l f  break w i t h  e a s t e r l y  movements o f  t he  stream r e l a t e d  t o  lower 
temperatures a t  t he  s h e l f  break (Atk inson,  1977). Thus t h e  observed 
o f f s h o r e  meander should co inc ide  w i t h  observed upwel l ing .  The 
v e r t i c a l  sec t ions  (F igures  6-16) c l e a r l y  show upwel l  i n g  and downwell i n g  
associated w i t h  t he  meander. Fo l low ing  i s  a  d e s c r i p t i o n  o f  each 
sec t i on :  

Savannah Sect ion, 10-11 December 1976. (F igures  6-7) The 
s h e l f  water was w e l l  mixed v e r t i c a l  l v  w i t h  h o r i z o n t a l  s rad ien ts .  
Of fshore,  upwe l l i ng  can be seen i n  t he  isotherms p o s i t r o n s  as w e l l  
as t h e  d i s t r i b u t i o n  o f  n i t r a t e  and phosphate. Upwel l ing i n  t h i s  
reg ion  i s  t y p i c a l  when the  G u l f  Stream i s  o f f s h o r e  o f  t h e  s h e l f  break. 

Savannah Sect ion, 12 December 1976. (F igures  8-9) The s h e l f  
waters were w e l l  mixed w i t h  h o r i z o n t a l  g rad ien ts  and once again 
upwe l l i ng  can be seen i n  t he  temperature, n i t r a t e  and oxygen data.  
E levated n u t r i e n t  concent ra t ion  a t  t h e  s h e l f  break i n d i c a t e  t h a t  
upwe l l i ng  reach the  sur face.  The G u l f  Stream was c l o s e r  t o  shore 
than on 10-11 December. 

Savannah Sect ion,  14 December 1976. (F igures  10-11) The s h e l f  
waters were u n s t r a t i f i e d  w i t h  h i g h  n i t r a t e  and phosphate waters a t  
t he  s h e l f  break i n d i c a t i v e  o f  recen t  upwel l ing .  The G u l f  Streal11 was 
f u r t h e r  onshore (24OC i sotherm) . 

Brunswick Sect ion,  11-12 December 1976. (F igures  12-13) Typ i ca l  
w i n t e r  cond i t i ons  p e r s i s t e d  on t h e  s h e l f .  The isotherms i n d i c a t e  
some upwel l ing ,  b u t  as t he  Savannah s e c t i o n  on these dates, t h i s  

a f e a t u r e  i s  weak. N i t r a t e ,  phosphate, and s i l i c a t e  p l o t s  a l s o  i n d i c a t e  
upwel l ing .  



Brunswick Sect ion,  13 December 1976. (F igures  14-15) Typ i ca l  
w i n t e r  c o n d i t i o n s  p e r s i s t e d  over  t h e  s h e l f .  The G u l f  Stream moved 
onshore a  d i s tance  o f  approx imate ly  12 km and downwel l ing occurred 
a long the  s lope t o  a  depth o f  ca. 175 m. 

Brunswick Sect ion,  14-15 December 1976. (F igu re  16) There was 
l i t t l e  c h a n ~ e  from t h e  ~ r o f i l e  made on 13 December. The G u l f  Stream 
moved o f f s h o r e  (compare' w i t h  2 4 O ~  isotherm f o r  13 December; F igu re  
14) and some upwe l l i ng  was present  as shown by the  p o s i t i o n s  of 
t he  20°c and 21°C isotherms. No s a l i n i t y  o r  n u t r i e n t  da ta  a r e  
a v a i l a b l e .  

Onshore/Offshore Motions 

The onshore-of fshore v e l o c i t i e s  were determined from t h e  
d i s tance  t h e  21°c and 2 4 ' ~  isotherms moved du r i ng  the  th ree  
observa t ion  per iods.  The isotherm p o s i t i o n s  a re  summarized i n  
F igure  17 and t h e  c a l c u l a t i o n s  are  as f o l l o w s :  

Table 6. Onshore/offshore v e l o c i t i e s  o f f  Savannah and Brunswick 
(+ of fshore ,  - onshore).  

G r i d  . 1 2 3  1 2 3  

Savannah D i  stance (km) -15 +11 + 4 -17 

Elapsed Time ( h )  4  0  4  2  3  9  2  9 

Veloc i  ty(cm s e c - l )  -10.4 +7.3 +2.8 -16.3 

Brunswick Dis tance (km) +3 +3 - 6 +7 

Elapsed Time ( h )  33 4  2  33 ' 44 

Vc loc i ty (cm s e c - l )  +?.5 1.2.0 -5.0 14.4 

The 24OC isotherm appears t o  be a  b e t t e r  i n d i c a t o r  o f  t he  meander 
motion. Onshore v e l o c i t i e s  were f i r s t  observed o f f  Brunswick 
between the  f i r s t  two g r i d s  and then o f f  Savannah between t h e  second 
and t h i r d  g r i d s .  

V e r t i c a l  Motions 

V e r t i c a l  motions were determined from the  v a r i a t i o n  i n  t he  
minimum depth o f  t h e  l gOc  isotherm. The c a l c u l a t i o n  and r e s u l t s  
a re  g iven  i n  Table 7. 



Table 7. V e r t i c a l  v e l o c i t i e s  o f f  Savannah and Brunswick (+ down). 

Savannah G r i d  1 2  3  

S t a t i o n  3  OC 83C 143C 

Time (d/h)  11/0.3 12116.1 14/9.8 

Depth(l90C) (m) 170 130 150 

A t ime ( h )  39.8 41.7 

A depth (m) -40 +20 

ir (cm s e c - l )  - 2 . 8 x 1 0 - ~  +I. 3x10-' 
~ 

Brunswick S t a t i o n  62C 107C 171X 

Time (d /h )  12/0.6 13/9.3 15/4.2 

~ e ~ t h ( l 9 ' ~ )  (m) 130 152 i 2 6  

A t ime ( h )  32.7 42.9 

A depth (m) +22 -16 

ii (cm sec-' ) +1.9x10-' -1. O X ~ O - ~  

These v e l o c i t i e s  a re  t y p i c a l  o f  upwe l l i ng  s i t u a t i o n s .  I n t e r e s t i n g l y ,  
t he  upwel l ing  occurred f i r s t  o f f  Savannah l ead ing  t h e  o f f s h o r e  motion. 

Propagat i  on Rate 

The r a t e  a t  which t h e  meander moves downstream can be est imated 
from the  sur face  isotherm p o s i t i o n s .  The ampl i tude o f  t he  meander 
was ca. 15 km and t y p i c a l  onshore/offshore v e l o c i t i e s  were 10 cm 
s e c - l h u s  t h e  p e r i o d  i s  3.4 days. The observed l e n g t h  i s  93 km 
so the  phase speed would be 31 cm sec-1 (0.6 kno t ) .  Th i s  rate 
i s  s i m i l a r  t o  t he  39 cm sec-1 observed by Legeckis (1975). 

T-S Re la t i onsh ip  

The T-S p l o t  f o r  a l l  data i s  i n  F igu re  18. The group o f  
p o i n t s  a t  - ca. 20°C/340/oo a re  f rom S t a t i o n  207 which i s  cons iderab ly  
south of t h e  e x i s t i n g  hyd rog r i d  (see F igu re  1). 

Figures 19-23 a r e  T-S p l o t s  f o r  each i n d i v i d u a l  sec t ion .  
They show t h e  t r a n s i t i o n  from s h e l f  t o  G u l f  Stream water i n  each 
of t he  onshore-offshore sec t ions .  A t  some deep s t a t i o n s  ( i  . e. , 
54-62) m ix ing  of s h e l f  waters w i t h  G u l f  Stream water i s  apparent ly  a c t i v e .  



N i  t rate-Phosphate-Si 1 icate-Temperature Re la t ionsh ips  

Various r e l a t i o n s h i p s  between n i t r a t e ,  phosphate, s i l i c a t e  
and temperature a r e  use fu l  t o  assess the  q u a l i t y  o f  the  data and 
t o  e l u c i d a t e  some o f  t he  chemical, b i o l o g i c a l ,  and phys ica l  
processes. 

For deeper waters the  r a t i o  o f  n i t r a t e  t o  phosphate i s  
t y p i c a l l y  1 6 : l  and i s  der ived from the  decomposit ion o f  o rgan ic  
mat ter .  A l l  n i t r a t e  and phosphate data f o r  t h i s  c r u i s e  appear 
i n  F igure 24 w i t h  a l i n e  represent ing  the  16 : l  N:P r a t i o .  
A t  low n u t r i e n t  concentrat ions,  an excess of phosphate over n i t r a t e  
i s  observed. S ta t i ons  w i t h  excess phosphate a re  genera l l y  i n  
shal low areas where any f r e e  n i t r o g e n  i s  released more q u i c k l y  
than n i t r a t e ,  lead ing  t o  an apparent excess o f  phosphate. 

Temperature-nutr ient p l o t s  (F igures 25-27) show the  i nve rse  
r e l a t i o n s h i p  between temperature and n u t r i e n t  concent ra t ion .  
The s c d l l e r  a t  low concentrat ions represents samples taken over 
the s h e l f  w i t h  temperature decreasing towards shore. 

A p l o t  o f  s i l i c a t e  versus s a l i n i t y  i s  presented i n  F igure  28. 
Higher s a l i n i t y  and s i l i c a t e  concentrat ions a re  rep resen ta t i ve  
of Gu l f  Stream waters. Other values correspond t o  s h e l f  waters. 

Oxygen-Density C o r r e l a t i o n  

F i yu re  29 p l o t s  oxygen versus sigma-t. The curve i s  t y p i c a l  
o f  normal Sargasso Sea water. Po in ts  above the  curve a re  from 
sur face Gu l f  Stream and s h e l f  waters. Po in ts  below the  curve 
w i t h  a sigma-t o f  25 t o  26 are  a Caribbean component o f  the  
G u l f  Stream (Richards and Redf ie ld ,  1955). 



Summary 

In summary, the following observations were made: 

1. The shelf waters were well mixed with horizontal 
s t r a t i f i ca t ion ,  typical of winter conditions. 

2. A meander was observed a t  the shelf break and passed 
through the area of th i s  study. 

3.  The vertical  ly induced component of velocity (upwell i ng ) 
associated with th i s  meander was as high as 2.8 x 10-~cm sec-l .  

4. The meander moved northward a t  a r a t e  of 31 cm sec-1, 
a velocity comparable to the 39 cm sec-1 reported by Legeckis (1975). 
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F i g u r e  5. Surface temperature d i s t r i b u t i o n .  The 9 December da ta  a r e  f rom 
a Coast Guard A i r b o r n  Rad ia t i on  Thermometer f l i g h t .  Dashed l i n e  i s  c r u i s e  
t r a c k .  
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F i g u r e  6. S a v a n n a h  s e c t i o n  t e m p e r a t u r e ,  s a l i n i t y  and s i g m a - t ,  
10-11 D e c e m b e r .  
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Figure 7 .  S a v a n n a h  sect ion  n i t r a t e ,  phosphate, s i l i c a t e  and d i s s o l v e d  
oxygen, 10-11 December. 
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F i p r e  8. Savannah secti.on'teniperature, sali 'nity, and sigma-t, .I2 December. 
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F i g u r e  9. S a v a n n a h  s e c t i o n  n i t r a t e ,  phosphate, s i l i c a t e  and d i s s o l v e d  
oxygen, 12 D e c e m b e r .  
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F i g u r e  10. Savannah s e c t i o n  temperature,  s a l i n i t y  and sigma-t ,  
14 December. 
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F i g u r e  11. Savannah s e c t i o n  n i t r a t e ,  phosphate, s i l i . c a t e  and d i s s o l v e d  
oxygen, 14 December. 
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F igu re  12. Brunswick sec t i on  temperature, s a l i n i t y  and sigma-t, 11-12 December. 
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F i g u r e  13. Brunswick s e c t i o n  n i t r a t e ,  phcspha,te, s i l i c a t e  and d i s s o l v e d  
oxygen, 11-12December. 
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F igu re  14. Brunswick s e c t i o n  sal i n i  t y  and s i g m a - t ,  13 December. 
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F igu re  15. Brunswick s e c t i o n  n i t r a t e ,  phosphate, s i l i c a t e  and d i s s o l v e d  
oxygen, 13 December. 
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F iyurat! 16. Brunswick sec t i on  temperature , 14-15 December. 



F i g u r e  17. Time s e r i e s  o f  t h e  21°c and 24OC isotherms ( 10-12 
December, ------ 12-13 December, - . - - - - -  14-15 December. 
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Figure 18 . Temperature-sal ini ty diagram, Cruise CI-12-76, December 1976. 
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S a l i n i t y  ( p p t . )  

F i g u r e  19. Savannah S e c t i o n ,  1.0-11 December. 

S a l i n i t y  ( p p t . )  

F i g u r e  20. Brunswick Sec t ion ,  10-11 December. 
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S a l i n i t y  ( p p t . )  

F igu re  21. Savannah Sect ion, .12 December. 
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Figure  22, Brunswick Sect ion,  13 December. 
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F igu re  24. N i t r a t e  vs. phosphate w i t h  l i n e  represent ing  t h e  16:l (N:P) r a t i o .  

T e m p e r a t u r e  ( O C )  

Figure  25. N i t r a t e  vs. temperature. 

4 0 
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T e m p e r a t u r e  ( O C )  

F i g u r e  26. Phosphate vs. temperature.  

Trrdpera  t u r e  ( ' c )  

F igu re  27. S i l i c a t e  vs. temperature.  
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F,iyur+e 29. Oxygen versus sigma-t w i t h  1 i n e  represent ing  normal 
Sargasso Sea water.  
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HYDROGRAPHIC DATA 

Vertical p rof i l es  of s 'a l in i ty ,  temperature, sigma-t, D O ,  and nutr ients  

The symbols used i n  the  following l i s t i n g s  a r e  defined as  follows: 

Header Data: Times a r e  GMT (EST + 5) 
Latitude and Longitude a r e  from Loran C 

Weather Data: These data a r e  taken from the  s h i p ' s  log. 

Wind speed (knots)  
Wind d i r ec t i  nn (degrees) 
Air temperature ( O C )  

Weather (WMO code 4501 ) 
Barometric pressure (mb) 
Sea S t a t e  (WMO code 3700) 
Wave di rection (degrees) 
Cloud type (not  given) 
Cloud amount (not  given) 
Visibi 1 i t y  code (not  given) 

Observations: Z = Depth in  ~iietet-s 
T = Temperature in  OC 

S = Sa l in i t y  in O/oo 
D = Density in sigma-t uni ts  

SVA = Specific volume anomaly X l o 5  

O2 = Dissolved oxygen in  m l / l i t e r  
0,' = Oxygen saturat ion in  ml/l i  t e r  

L 

AOU = A parent oxygen u t i l i z a t i on  in ml l i t e r  
= ~ i o s ~ h a t e  concentration in pmole/ i t e r  PO4 - 

NO3 - Nitra te  concentration in  prnole/liter 
Si = S i l i c a t e  concentration in  pmole/.liter 
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INTRODUCTION 

The l e v e l  o f  s o p h i s t i c a t i o n  o f  t o d a y ' s  mar ine  research  d i c t a t e s  t h e  
need f o r  a  r a p i d ,  r e l i a b l e  and accu ra te  system f o r  a c q u i r i n g  and p rocess ing  
temperature and s a l i n i t y  data.  

I n  o r d e r  t o  meet these needs, we a t  t h e  Skidaway I n s t i t u t e  o f  Oceanog- 
raphy have acqu i red  a  conduc t i  v i  t y / tempera tu re /dep th  (CTD) system. Wi th  
p r i n c i p a l  suppor t  f rom t h e  U. S.  Department o f  Energy, we have developed 
t h e  so f twa re  and made numerous m o d i f i c a t i o n s  t o  t h e  hardware o f  t h e  system, 
f a c i l i t a t i n g  t h e  p r i n c i p a l  t a s k  o f  i n v e s t i g a t i n g  and e x p l a i n i n g  t h e  chemical  
and phys i ca l  processes i n  t h e  South A t l a n t i c  B i g h t .  

The purpose o f  t h i s  r e p o r t  i s  t o  desc r i be  o u r  CTD system, document t h e  
developments and improvements we have made thus  f a r ,  and r e l a t e  o u r  p r a c t i -  
c a l  exper ience.  It i s  hoped t h i s  r e p o r t  w i l l  be u s e f u l  t o  oceanographers 
who now have, o r  w i l l  i n  t h e  f u t u r e  have, a  CTD system. The system i s  i n  
a  c o n t i n u a l  s t a t e  o f  upgrading and m o d i f i c a t i o n ,  so t h i s  r e p o r t  r ep resen ts  
t h e  s t a t e  o f  o u r  system as of May 1978. Recent a d d i t i o n s  t o  t h e  system a r e  
an HP F l e x i b l e  D i sk  U n i t  (0.5 megabyte) and an HP-BCD I n t e r f a c e  Bus. The 
XBT has a l s o  been i n t e r f a c e d  t o  t h e  HP 9825A. 

DESCRIPTION OF THE SYSTEM 

The CTD system, shown schema t i ca l l y  i n  F igu re  1, has f o u r  ma jo r  com- 
ponents:  1  ) t h e  underwater u n i t ,  c o n s i s t i n g  o f  t h e  depth,  c o n d u c t i v i t y ,  
and temperature sensors, and a  m ixe r  t h a t  powers t h e  sensors and m u l t i -  
p lexes  t h e  s i g n a l s ;  2 )  t h e  winch, conductor  w i re ,  and Rose t te  M u l t i - B o t t l e  
A r ray  f i t t e d  w i t h  a  v a r i e t y  o f  N i s k i n  sampl i n g  b o t t l e s ;  3 )  t h e  deck u n i t  
t h a t  powers t h e  r o s e t t e  and t h e  CTD sensors and f i l t e r s  and d i g i t i z e s  t h e  
mu1 t i p 1  exed CTD s i g n a l  ; and 4 )  t h e  da ta  p rocess ing  system. The da ta  pro-  
cess ing  system i s  a c t u a l l y  two separa te  systems, one which reco rds  t h e  raw 
da ta  d i g i t a l l y  on magnet ic tape  and ano ther  t h a t  per forms r e a l - t i m e  da ta  
p rocess ing  and s t o r e s  and d i s p l a y s  t h e  da ta  i n  a  v a r i e t y  o f  ways ( i  .e., 
Hew1 e t t -Packard  (HP) tape c a r t r i d g e ,  c a l c u l a t o r  p l o t t e r ,  p r i n t e r  and 
analog p l o t t e r ) .  A l l  components o f  t h e  CTD system a r e  l i s t e d  i n  Table 1. 
I n  t h e  f o l l o w i n g  d iscuss ion ,  t h e  hardware components, t h e  sh ipboard 
o p e r a t i n g  procedure, and t h e  so f twa re  o f  t h e  system w i l l  be descr ibed ,  
some i n  more d e t a i l  than  o the rs .  T roub leshoot ing  problems, causes, and 
r e p a i r s  f o r  those problems t h a t  we have encountered a r e  l i s t e d  i n  Appendix 
I. 

The CTD Sensor Svstem 

The CTD u n i t  c o n s i s t s  o f  t h e  t h r e e  sensors powered by a  120 ma cons tan t  
c u r r e n t  supp ly  i n  t h e  mixer .  The sensors o u t p u t  AC s i g n a l s  o f  f requenc ies  
t h a t  a r e  p r o p o r t i o n a l  t o  t h e  parameters be ing  sensed (Tab le  2 ) .  The AC 
s i g n a l s  f rom these sensors a r e  m u l t i p l e x e d  by t h e  m ixe r  and t r a n s m i t t e d  
th rough a  s i n g l e  conductor  t o  t h e  deck u n i t .  Thus, o n l y  one conductor  i s  
r e q u i r e d  by t h e  CTD f o r  i n p u t  power and an o u t p u t  mu1 t i p l  exed s i g n a l  . To 
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I . . . . 'Table 1. Component List of ' t h e  CTD System. 

Plessey Model 9400 System 

Plessey Model 6500 Conductivity Sensor 

Plessey Model 4500 Temperature Sensor 

Pl essey Model 4600 Pressure Sensor 

Plessey Model 4400 Mixer 

General Oceanics Rosette Multi-Bottle Array Model 1015 Mark V 

- Plessey Model 7400 Winch 
._. -___ _- _-  - -  ----1-- - -_- ___- - - - - -  - - -- - 

Plessey Model 8400 Digital Data Logger 

HP 7046A X-Y Recorder 

Kennedy Model 1600 Incremental Magnetic Tape Recorder 

HP 59307A VHF Switch 

HP 98034A HP-IB Interface  

HP 5328A Universal Counter 

HP 59309~  HP-IB Digital Clock 

HP 9825A Calculator 

HP 9862A Calculator P lo t t e r  

Texas Instruments S i l en t  700 ASR Electronic Data Terminal 



guard a g a i n s t  a p p l y i n g  r e v e r s e  v o l t a g e  t o  t h e  CTD sensors,  a r eve rse  b iased  
d iode  i s  i n s t a l l e d  on t h e  i n p u t  power l i n e  t o  t h e  m ixe r .  Our system i s  
d ismant led  and reassembled f r e q u e n t l y  and such p r o t e c t i o n  i s  good insurance  
a g a i n s t  damaging t h e  sensors.  

Table 2. Parameters Measured and Sensor Ranges. 

Parameter Frequency Range Sensor Range 

Temperature 21 27-41 93 hz 

C o n d u c t i v i t y  4995-7901 hz 

Depth 971 2-1 1288 hz 

The p ressure  vesse ls  hous ing t h e  sensors p r o t e c t  t h e  sensors t o  600 
meters;  however, f l o o d i n g  o f  t h e  vessels ,  even a t  sha l l ow  depths, has been 
a problem. Accord ing t o  Plessey, Inc . ,  r e p l a c i n g  t h e  p l a s t i c  endcaps w i t h  
s t a i n l e s s  s t e e l  endcaps has so lved  t h e  f l o o d i n g  problem. When ou r  system 
i s  n o t  f u n c t i o n i n g  p r o p e r l y  and f l o o d i n g  i s  suspected, t h e  sensors a r e  
disassembled and d r i e d  ou t .  P ins  i n  t h e  connectors  a r e  a l s o  examined and 
d r i e d  o u t  when wet. Care should be exe rc i sed  when hand l i ng  t h e  O- r ing  
sea l s  f o r  t h e  connectors .  S i l i c o n e  grease i s  used t o  seal  t h e  connect ions.  
I t  should be used s p a r i n g l y  t o  avo id  i n s u l a t i n g  t h e  e l e c t r i c a l  connec t ing  
p i ns .  

We have spare C, T, and D sensors, connectors ,  Scotchcast  e l e c t r i c a l  
s p l i c i n g  k i t s ,  and w i r e  harnesses so t h a t  any m a l f u n c t i o n i n g  p a r t  can be 
rep laced  on board, a l l o w i n g  sampl ing t o  proceed a f t e r  r e p a i r s  a r e  made. 

The Winch and Roset te  M u l t i - B o t t l e  A r ray  

The winch shou ld  be equipped w i t h  a t  l e a s t  two conductor  oceanographic 
e lec t romechan ica l  cab1 es and t h e  a p p r o p r i a t e  s l  i p  r i n g s .  One conductor  i s  
f o r  t he  CTD and t h e  o t h e r  f o r  t h e  r o s e t t e .  The winch should be capable o f  
l owe r i ng  and r a i s i n g  a t  r a t e s  o f  15 m/min o r  l e s s .  Th i s  low winch speed i s  
necessary so t h a t  enough da ta  p o i n t s  a r e  c o l l e c t e d  t o  average ove r  one meter  
inc re~nents ,  e s p e c i a l l y  i n  s t r o n g  thermoc l ines  such as those  encountered i n  
t h e  South A t l a n t i c  B i g h t .  

Most oceanographic sh ips  a r e  equipped w i t h  conductor  winches. However, 
t h e  w i r e  and/or s l i p  r i n g s  a r e  o f t e n  i n  d i s r e p a i r  and should be checked o u t  
beforehand. We b r i n g  a p o r t a b l e  winch f o r  backup. Our p o r t a b l e  winch 
(P lessey Model 7400) has 250 m o f  4-conductor  w i r e  and runs  on 110 V o l t s  AC 
power a t  a cons tan t  speed o f  15 m/min. It handles a maximum l o a d  o f  200 
pounds, which i s  o f  m i n i m u m a c c e p t a b l e c a p a b i l i t y .  Changes have been made 
t o  improve t h e  o p e r a t i o n  o f  t h e  winch. The o p e r a t i n g  s w i t c h  i n s t a l l e d  by 
Plessey, I n c .  burned o u t  a f t e r  v e r y  l i t t l e  use, so a heavy d u t y  s w i t c h i n g  



r e l a y  was i n s t a l  led .  The new sw i t ch  a l s o  increases s a f e t y  s ince  a sp r ing  
r e t u r n s  i t  t o  t h e  o f f  p o s i t i o n  upon re lease;  t he re fo re ,  t he  opera tor  cannot 
1 eave t h e  sw i t ch  unattended whi l e  t h e  CTD i s  being r a i s e d  o r  lowered. . Sol i d  
s t a t e  r e l a y s  w i l l  be i n s t a l l e d  soon i n  o rde r  t o  min imize t h e  e l e c t r i c a l  
no ise  t h a t  sp ikes t h e  data s igna ls .  An occasional overhaul and r e p a i n t i n g  
o f  t he  winch housing i s  necessary due t o  co r ros ion  f rom s a l t  spray. It 
should a1 so be disassembled, cleaned, and 1 ub r i ca ted  r e g u l a r l y .  

The Rosette M u l t i - B o t t l e  Array i s  manufactured by General Oceanics, 
Inc .  as a r e  t h e  N i s k i n  b o t t l e s  mounted on i t .  The r o s e t t e  i s  mounted on a 
frame which encloses t h e  CTD sensor system (F igu re  2 ) .  Reference t o  the  
"F ish"  inc ludes  the  sensors and r o s e t t e  as one u n i t .  The sensors a r e  
l oca ted  beneath the  r o s e t t e  so t h a t  they a r e  n o t  i n  t he  wake o f  t h e  r o s e t t e  
as the  F i sh  i s  lowered through the  water column. Conversely, du r ing  the  
upcast t he  sensors a re  i n  t he  wake o f  t he  r o s e t t e ,  degrading the  data.  
During the  upcast, t he  N i s k i n  b o t t l e s  a r e  t r i g g e r e d  s e r i a l l y  on command 
from t he  deck u n i t  a t  des i red  depths, - 

Plessey, Inc .  had designed the  system so t h a t  t h e  sea cab le  from the  . 
winch 's  s i n g l e  s l i p  r i n g  entered the  r o s e t t e  deck u n i t ,  then cont inued on 
t o  t h e  d i g i t a l  data logger  (DDL). The w i r e  harness connected t o  the  winch 
w i r e  went through the  r o s e t t e ,  then t o  t h e  sensors. Wi th  o n l y  one path  as 
such, powering t h e  r o s e t t e  w i t h  t h e  h igh  vo l tage  requ i red  t o  t r i p  a b o t t l e  
i n t e r r u p t e d  the  connect ion t o  t h e  sensors. 

We have l l lod i f ied  the  system and now use mu1 t i - conduc to r  w i re ,  a l l o w i n g  
separate r o s e t t e  and sensor operat ion.  A branching cab le  connects t h e  s l i p  
r i n g  w i res  t o  the  r o s e t t e  deck u n i t  and the  DDL. An underwater harness 
branches from the  winch w i re .  connector t o  t he  r o s e t t e  and t o  the  CTD 
sensors. 

The r o s e t t e  requ i res  con t i nua l  mantenance t o  per form r e l i a b l y .  A f t e r  
every c a s t  the  cam/ t r i p  mechanism should be washed w i t h  f r e s h  water and 
sprayed w i t h  a pene t ra t i ng  l u b r i c a n t  such as CRC. Recommended spare p a r t s  
a r e  app rop r ia te  r e l a y s  f o r  the  winch, r o s e t t e ,  and r o s e t t e  deck u n i t  and 
SCR f o r  the  r o s e t t e  deck u n i t .  

A H e l l e  p inger  i s  mounted on t h e  frame o f  t he  F i s h  t o  a i d  i n  recovery 
i f  the  F i sh  becomes severed from t h e  conductor w i re .  A buoy, chain, and 
anchor a r e  a1 so kept  ready t o  use t o  mark a l o s t  ins t rument .  

The Deck U n i t  and Data Processina Svstem 

The Plessey Mode1 8400 D i g i t a l  Data Logger (DDL) prov ides power t o  the  
CTD sensors, rece ives  and demul t ip lexes the  CTD s igna l ,  and determines the  
f requencies f o r  depth, c o n d u c t i v i t y ,  and temperature f o r  ou tpu t  t o  record ing  
devices. 

Several m o d i f i c a t i o n s  were made t o  the  DDL t h a t  make c o n t r o l  o f  t h e  
system more c o ~ v e n i e n t .  An on -o f f  sw i t ch  f o r  power t o  the  Fish,  as we l l  as 
vo l tage and c u r r e n t  meters, were i n s t a l l e d  i n  t he  f r o n t  panel o f  t h e  DDL 
t h a t  r e a d i l y  i n d i c a t e  the  power s ta tus  o f  t h e  F ish .  Thus, an opened, 
closed, o r  shor ted c i r c u i t  i n  t he  system can e a s i l y  be detected.  One i n p u t  
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and two ou tpu ts  may be connected t o  one o f  t h e  t h r e e  channels, and a  sw i t ch  
and p o r t e r  LEDs f o r  s e l e c t i n g  a  channel a l s o  were i n s t a l l e d  i n  t h e  f r o n t  
panel o f  t h e  DDL. The two ou tpu ts  a l l o w  an o s c i l l o s c o p e  and frequency 
counter  t o  mon i to r  any one channel a t  a  t ime.  A s igna l  generator  can be 
a t tached t o  t h e  i n p u t .  When us ing  a  winch w i t h  a  s h o r t  w i re ,  a  c a p a c i t o r  
i s  p u t  on t h e  DDL i n p u t  l i n e  t o  a t t enua te  the  s igna l ,  s i m u l a t i n g  a  l onge r  
w i re ,  and thus prevent ing  i n t e r f e r e n c e  o f  one channel w i t h  another .  Another 
m o d i f i c a t i o n  was t h e  replacement o f  t h e  741 ope ra t i ona l  a m p l i f i e r  i n  t h e  
DDL w i t h  a  h ighe r  grade u l  t r a - 1  i n e a r  ope ra t i ona l  .amp1 i f i e r .  

Spare p a r t s  f o r  t h e  DDL i n c l u d e  spare count ing  and d i g i t i z i n g  boards. 
D, C, o r  T  count ing  and d i g i t i z i n g  boards a r e  e s s e n t i a l l y  in terchangeable.  
The p l a s t i c  i n t e g r a t e d  c i r c u i t s  ( ICs )  t h a t  Plessey, Inc .  used on our  u n i t  
a r e  l e s s  re1  i a b l e  than ceramic ICs and do n o t  s tand up t o  t h e  humid, s a l t -  
a i r  environment. Consequently, ou r  boards have been sprayed w i t h  a  sea le r  
t o  reduce f a i l u r e .  The newer Plessey, I nc .  u n i t s ,  however, a r e  equipped 
w i t h  ceramic ICs. 

The d i g i t a l  s i gna l  o u t p u t  f rom t h e  DDL i s  recorded on a  Kennedy Model 
1600 Incremental  Magnetic Tape Recorder. The d i g i t a l - t o - a n a l o g  conve r te r  
i n  t h e  DDL outpu ts  an analog vo l t age  p ropo r t i ona l  t o  t he  i n p u t  range which 
d r i v e s  an HP-XYY' Recorder (Model 7046A). The DDL f o l d s  t h e  s i g n a l s  pro-  
p o r t i o n a l  t o  0  t o  10 V o l t s  f u l l  sca le  (Table 3 ) .  We have found t h a t  sh ip -  
board generators a r e  n o t  s tab le ,  t he re fo re ,  a  l i n e  c o n d i t i o n e r  i s  requ i red .  
The g rea tes t  problell l  caused by a  power f a i l u r e  i s  t h a t  t h e  magnetic tape 
must be s t a r t e d  up again and t h e  l a c k  of c o n t i n u i t y  w i l l  cause tape read ing  
e r r o r s  when i t  i s  p layed back. 

Table 3. Analog C h a r a c t e r i s t i c s .  

D C T  

F u l l  Scal e  0-600 0-80 mmhos/cm -5-35Oc 

Ranges 4  8  8  

Folded Range Scal e  0.06666 v/m 1  v/mrnhos/cm 2  V / O C  

Scale on Paper 0.25 cm/m 2.5 cm/mmhos/cm 5.0 cm/Oc 

F i n e s t  L i n e  Reading 0.4 m 0.2 mmhos/cm 0. 02Oc 

A f t e r  t h i s  CTD system was i n  use f o r  one year ,  an HP 9825A C a l c u l a t o r  

i and pe r i phe ra l s  were added which decreased t h e  t ime  and c o s t  o f  data 
a c q u i s i t i o n .  The HP reco rd ing  devices a re  the  9862A P l o t t e r  and t h e  tape 
c a r t r i d g e  and p r i n t e r  i n  t h e  9825A Ca lcu la to r .  



CTD Assembly 

Loading and assembling t h e  components o f  t h e  CTD system aboard var ious  
ships can become rou t i ne ,  as i t  has f o r  us. The deck u n i t  must be s i t u a t e d  
i n  a  dry,  p r e f e r a b l y  a i r - cond i t i oned  l ab .  Most o f  t h e  HP components a r e  
rack-mounted, and the  racks a r e  b o l t e d  t o  l a b  tab les .  Every th ing  t h a t  i s  
n o t  i n  a  rack  i s  secured w i t h  rope o r  tape. 

A f u l l  complement of t o o l s  and spare e l e c t r o n i c  p a r t s  i s  necessary 
(see Appendix I 1  f o r  a  complete 1  i s t ) .  I f  the  sh ip  does n o t  have adequate 
communications between the  l ab ,  deck, and br idge,  a  p o r t a b l e  in tercom system 
i s  placed so t h a t  t he  deck u n i t  opera tor  can t a l k  w i t h  the  winch operator .  
The CTD sea cab le  must reach the  deck, where i t  i s  a f f i x e d  t o  the  s l i p  r i n g s  
on the  winch. Enough conductor w i r e  i s  unspooled from t h e  winch t o  reach 
the  F i sh  a f t e r  i t  i s  p u t  through a  b lock o r  meter ing wheel on an A-frame o r  
boom t h a t  can be extended away from the  ship.  A s p l i c e  must be made t o  
j o i n  the  Envi rocon undcrwa'ler. curlr~ec Lur t h a t  mates t h e  two p i n  connectors 
on the w i r e  harness o f  t h e  F i sh  t o  t h e  conductor w i r e  used on most sh ips '  
winches. Using Scotchcast over  the  s p l i c e d  w i r e  i s  a  convenient method o f  
waterproof ing  underwater connect ions. Scotchcast i s  mechanical ly  and e lec-  
t r i c a l  l y  sound because o f  i t s  r i g i d i t y ,  un l  i k e  underwater tape t h a t  can 
bend and break. Our small winch i s  equipped w i t h  the  connector t h a t  j o i n s  
the  conductor w i r e  and F ish .  

N i s k i n  b o t t l e s  app rop r ia te  f o r  the  a n t i c i p a t e d  sampling a r e  mounted on 
the  r o s e t t e .  I n v a r i a b l y ,  a  rack  t o  ho ld  th ree  reve rs ing  thermometers ( two 
o f  t he  pro tec ted  type and one unprotected)  i s  p u t  on the  b o t t l e  t h a t  w i l l  
be t r i p p e d  a t  the  deepest sampl i n g  depth. Expendable Bathythermograph (XBT) 
p ins  (one ground t o  a  p o i n t  and another t o  a  f l a t  b lade)  a r e  convenient 
t o o l s  t o  cock t he  b o t t l e s  on the  r o s e t t e  and t o  r o t a t e  t h e  cam/ t r i p  mecha- 
nism. While n o t  i n  use, t he  F i sh  should be secured i n  a  shaded p lace t o  
p r o t e c t  the r o s e t t e ' s  rubber pressure-compensating diaphram and reve rs ing  
thermometers. 

Ea r l y  CTD t e s t s  i n d i c a t e d  t h a t  t he  pendulum mot ion o f  t he  F i s h  w h i l e  
i n  t he  a i r  between the  deck and the  water should be dampened by weight  
suspended from a  rope harness beneath the  Fish.  I n  p rac t i ce ,  t h e  pendulum 
motion ceases as the  weight  en ters  the  water.  I n  calm-to-moderate seas, a  
10-pound weight i s  used. I n  heavy seas more weight  i s  added i n  accordance 
w i t h  the  capac i ty  o f  the  winch. Our winch can support  30 pounds i n  a d d i t i o n  
t o  the  weight o f  t he  F ish .  

OPERATING PROCEDURE 

To u t i l i z e  sh ip  t ime t o  the  f u l l e s t ,  t h e  CTD should be ready f o r  a  c a s t  
be fore  a r r i v i n g  on s t a t i o n .  The sensors a r e  powered up f o r  a  s h o r t  t ime on 
deck, and the  frequencies f o r  D and C are  recorded t o  use as o f f s e t s  from 
the  manufacturer 's  zero D and C f requencies du r ing  the  ensuing cas t .  I n  
o rder  t o  prevent  acc idents,  power t o  the  F i sh  i s  on o n l y  du r ing  a  cas t .  
The r e s t  o f  t he  deck u n i t  has power t o  i t  throughout t he  c r u i s e  t o  i nsu re  
e l e c t r o n i c  s tab i  1  i ty. 



b The HP p l o t t e r  i s  programmed f o r  5 t o  3 0 ' ~  and 0  t o  400 meters f u l l  
sca le  and t h e  X Y Y '  recorder  p l o t s  c o n d u c t i v i t y  and temperature-versus-depth 
p r o p o r t i o n a l  t o  t he  analog vo l t age  o u t p u t  by t h e  DDL (Table 3 ) .  The X Y Y '  
recorder  must be c a l i b r a t e d  o f t e n  w i t h  a  p r e c i s i o n  10 V o l t  source t o  check 
t h e  0  t o  10 V o l t s  f u l l  sca le.  Both p l o t t e r s  a r e  made ready be fo re  a r r i v i n g  
on s t a t i o n .  

Operat ing t h e  CTD reco rd ing  devices requ i res  a  complex system o f  
button-pushing. E x p l i c i t  i n s t r u c t i o n s  a r e  d isp layed on t h e  f r o n t  o f  t h e  
deck u n i t  (Table 4 ) .  Any d e v i a t i o n  f rom t h i s  procedure produces a  non- 
s tandard ized tape record ing ,  making processing c o s t l y  and t ime  consuming. 
The standard tape reco rd ing  f o r  t h e  Kennedy should have an i d e n t i f i c a t i o n  
(header) f o r  each s t a t i o n  c a s t  f o l l owed  by a  f i l e  gap (b lank  mark o f  a  
s p e c i f i c  l e n g t h )  and t h e  c a s t  data f o l l owed  by a  f i l e  gap. M iss ing  o r  
e x t r a  f i l e  gaps must be repo r ted  so t h a t  tape e r r o r s  can be found and 
co r rec ted .  

+ - 

A minimum o f  two people can opera te  t h e  CTD. One person on deck runs 
t h e  winch and guides t h e  F i s h  i n t o  t h e  water w h i l e  t h e  second person i n  t h e  
l a b  operates t h e  data a c q u i s i t i o n  system and f i l l s  i n  t h e  s t a t i o n  sheets 
(F igu re  3) .  P r i o r  t o  lower iny  t he  F ish,  t h e  depth a t  a  s t a t i o n  should be 
determined by a  depth sounding device, e i t h e r  on t h e  b r i d g e  o r  i n  t h e  l ab .  
The da ta  a c q u i s i t i o n  opera tor  i n s t r u c t s  t he  winch opera tor  when t o  p u t  t h e  
F i s h  i n  t h e  water and when t o  lower  and r a i s e  i t .  A t  t h e  beginning o f  a  
cas t ,  a l l  o f  t h e  da ta- record ing  devices should be s imul taneously  s e t  i n t o  
a c t i o n .  Dur ing t h e  downcast, t he  HP Ca lcu la to r  i s  programmed t o  d i s p l a y  
depth so t h a t  t he  data a c q u i s i t i o n  opera tor  can t e l l  t h e  winch ope ra to r  
when t o  s top  l ower ing  t h e  F ish.  Then the  p l o t t e r  pens a r e  ra i sed ,  and t h e  
programming i s  swi tched t o  a  soak r o u t i n e .  A f t e r  f o u r  minutes ( t o  a1 low 
t h e  r e v e r s i  ng ther~iiol l leters t o  equi 1  i b r a t e )  , t h e  bottom sampl e  b o t t l  es a re  
t r i p p e d  f rom t h e  r o s e t t e  deck u n i t .  Dur ing t h e  upcast, new p l o t t e r  paper 
i s  used o r  t he  pens a r e  r a i s e d  t o  t r a c e  over  t h e  downcast p l o t .  The v e r t i -  
c a l  temperature p l o t  i s  used t o  decide where t o  s top  and t r i p  b o t t l e s  on 
t h e  upcast  (Table 5) .  While t h e  F i s h  i s  stopped a t  t he  predetermined 
sampl ing depths, the  r a t e  o f  data a c q u i s i t i o n  i s  slowed down by us ing  a  
mid-depth soak program. 

A f t e r  t h e  sur face  sample b o t t l e s  a r e  t r i p p e d ,  power t o  t h e  F i s h  i s  
tu rned o f f ,  and the  F i s h  i s  br.ouytit on deck and secured. The r e s t  o f  t h e  
CTD ope ra t i on  may be c a r r i e d  o u t  w h i l e  t h e  s h i p  i s  steaming towards t h e  
n e x t  s t a t i o n .  Dissolved oxygen, n u t r i e n t ,  s a l i n i t y  and o t h e r  samples 
a r e  drawn from t h e  N i s k i n  b o t t l e s  i n t o  app rop r i a te  c o l l e c t i n g  b o t t l e s ,  
t rea ted ,  and s to red  as needed. The data a c q u i s i t i o n  opera tor  records t h e  
b o t t l e  numbers f o r  t h e  samples taken on t h e  s t a t i o n  sheets. The r e v e r s i n g  
thermometers a re  read, and temperatures a r e  recorded on t h e  s t a t i o n  sheets 
f o r  c a l  i b s a t i o l i  o r  l t le  CTD temperature sensor. A f t e r  t he  samples a re  taken, 
t h e  r o s e t t e  cam/ t r i p  mechanism should be r i n s e d  w i t h  f r e s h  water  and 
spraycd w i t h  a marine l u l r - i c d n t .  Then t h e  cam must be r e s e t  and t h e  N i s k i n  
b o t t l e s  cocked i n  p repa ra t i on  f o r  t he  nex t  cas t .  The s t a t i o n  sheets and 
p l o t s  a r e  f i l e d ,  and a l l  data a c q u i s i t i o n  devices a r e  made ready f o r  t h e  
n e x t  s t a t i o n .  

Examples o f  o t h e r  forms we use a r e  i n  Appendix V I .  



Table 4. CTD Operat ing Procedure. 

1. Determine the  depth of t he  water column. . 

2. Turn Rosette ON (Small bu t ton  under "8400 DIGITAL"). 

3. Set heading data. ( lO(00) )  f o r  upcasts; OO(00) f o r  downcasts). 

*4. Push "ENTER" f i v e  t imes; push "FILE GAP" once. 

5. Set up HP programming ( t r k l  , ldfO, RUN). T r y  t o  t ime the  readiness 
o f  t he  HP t o  rece i ve  data so t h a t  steps 6 and 7 can immediately 
be compl eted. 

6. When ready t o  begin c a s t  push "START" on record ing  c o n t r o l  ( tape should 
- begin moving i n  sho r t  increments).  Turn on recorder  "SERVO" and 
-- p u t  pen-on !RECORD!!-.- - . -.- ----- . 

- - - - - - -  - - - - -  A- 

7. Lower CTD (s top  2-3 meters f rom the  bottom). 

8. Change t o  scan 10 a t  bottom o f  cas t .  LIFT PEN. 

9. Fol low the  4 minute soak i n s t r u c t i o n s  on t h e  HP. 

10. Push "STOP" a f t e r  soak. Change back t o  scan 0. 

11. Push "FILE GAP" once. 

12. Fol low steps 3-6 f o r  upcast.  

13. Raise CTD t o  des i red  depths and "FIRE" N i s k i n  b o t t l e s .  (Change t o  
scan 1 w h i l e  f i r i n g  b o t t l e s ) .  

14. Turn Rosette o f f  (smal l  bu t ton  under "8400 DIGITAL"). 

15. For the  nex t  cas t ,  repeat  procedure w i t h  s tep 1. 

16. When tape i s  completed change header t o  9999 and push "ENTER" f i v e  
t imes, then push "FILE GAP" t h ree  times, rewind and remove tape. 

* IF  "FILE GAP" I S  PUSHED TWICE IN A ROW OR NEGLECTED AT ANY TIME, PLEASE 

NOTE THIS ON THE RESPECTIVE STATION SHEET. DO NOT "ENTER" A HEADER AND 

"FILE GAP" MORE THAN ONCE. JUST NOTE THE ERRONEOUS HEADER NUMBER. 



STATION SHEET 

CRUISE GRID STATION CONSECUTIVE STAT I O N  

LOCAL T I M E  I N  DAY MONTH YEAR DEPTH WIRE ANGLE 

HEADER ( d )  SCAN RATE ( d )  
MAGNETIC TAPE NO. - KEYWORlI (u)  ( u )  

SURFACE FREQ: DEPTH COND. TEMP. -- 
BOTTOM FREQ: DEPTH COND. TEMP. 
M I D  DEPTH FREQ: DEPTH COND. TEMP. -- 
M I D  DEPTH FREQ: DEPTH COND. TEMP. --- 
M I D  DEPTH FREQ: DEPTH COND. TEMP. 
SURFACE FREQ: DEPTH COND. TEMP. 

MIXER 
4 0 7  411 

CON D 
615 660 

TEMP 
7 2 0  7 3 7  

DEPTH 

T I  !ERI+O SAL TEMP. 
SURF. BUCKET TEMP. 

c o r r e c t i o n  C a l c u l a t i o n :  

Tw = Tabs + C + I 

s F e c i  f i  c a t i o n s  f o r  t h e r ~ n o m e t e r s  * D e p t h  F r e q .  o n  d e c k  
*Cond. F r e q .  i n  a i r  

0.K.  f o r  T c a l  i b .  (BY r -1- 
I 0. K. f o r  5 c a l  i b .  (B~(M)(s) ( 

F i g u r e  3. S t a t i o n  s h e e t .  



.'.' , 

, . 

. . Table 5. Suggested Sampling Depths. 

Depth l e s s  than 50 m: 

Mixed - Surface and bottom 
Two-Layer - Surface, above o r  below t h e  

thermoc l ine  and bottom 

Depth g r e a t e r  than 50 m and l e s s  than 100 m: 

0, 25, 50, 75, 100 ( o r  bottom) 

Depth g rea te r  than  100 m: 

0, 50, 100, 150, 200, 300, 400 ( o r  bottom) 

Cyber Processing 

A f t e r  a  c ru i se ,  t h e  magnetic tape i s  sen t  t o  t h e  U n i v e r s i t y  o f  Georgia 
Computer Center and s to red  i n  t h e i r  tape l i b r a r y .  The tape i s  then pro-  
cessed a t  Skidaway where t h e r e  i s  access t o  i n t e r a c t i v e  t ime-shar ina o f  
t h e  U n i v e r s i t y  I s  Con t ro l  Data Corpora t ion  Cyber 70 through a  t e l  ephone 
1 i n k .  

Dur ing t h e  sh ipboard CTD opera t ions ,  b i n a r y  coded f requenc ies  a r e  
recorded on 7 - t rack  magnetic tapes by t h e  Kennedy recorder .  The processing 
o f  tape da ta  has been adapted f rom t h a t  descr ibed by S c a r l e t  (1975). Table 
6  shows t h e  bas i c  da ta  f l ow ,  though program m o d i f i c a t i o n s  a r e  necessary f o r  
t h e  spec ia l  s i t u a t i o n s  t h a t  a r i s e  f o r  each new data se t .  The programs a r e  
l i s t e d  i n  Appendix 111. The f i n a l  programming step, NUTMERG, merges add i -  
t i o n a l  s t a t i o n  data, i . e . ,  n u t r i e n t s ,  weather, l a t i t u d e ,  l ong i t ude ,  e tc . ,  
t o  t he  CTD data f o r  submission t o  t h e  NODC. Th is  f i n a l  product  i s  s to red  
on magnetic tape i n  our  computer system and a l l  data, i . e . ,  CTD, XBT, 
chemical, e tc . ,  a r e  a v a i l a b l e  f rom t h e  NODC. 

Another program, CEMLIST, c a l c u l a t e s  s p e c i f i c  volume anomally, oxygen 
s a t u r a t i o n  and apparent oxygen u t i l i z a t i o n  ( f r om t h e  I n t e r n a t i o n a l  Oceano- 
graphic  Tab1 es, 1966), and the  d i s tance  between successive s t a t i o n s  f rom 
the.NODC format ted  data. CEMLIST re fo rmats  t h e  NODC data f o r  p resen ta t i on  
i n  a  t echn i ca l  r e p o r t .  

Temperature Lag. The Plessey temperature sensor t ime c 0 n s t a n t . i ~  
repo r ted  t o  be 0.35 seconds. The depth and c o n d u c t i v i t y  sensors each have 
a  repo r ted  0.1 second t ime  constant ,  so t h a t  temperature l a g s  behind depth 
and c o n d u c t i v i t y .  Therefore, t h e  " r e a l "  T  a t  t h e  t i m e t h a t D  and C a r e  
sampled must be c a l c u l a t e d  from t h e  " i n d i c a t e d "  T. From Sca r le t ,  1975: 
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Tab le  6. Cyber CTD Data Flow: Shipboard A c q u i s i t i o n  t o  NODC Submission. 

Data Source/Di spos i  t i o n  Program Data F i l e  

D i g i t a l  Data Logger t o  Tape CTDRUN (Copies tape  da ta  t o  a computer f i l e )  

KEYWORD 

MAGREAD (Conver ts  b i n a r y  coded da ta  t o  decimal ) 

B I  RANG 

CTDUNIT (Converts decimal u n i t s  t o  eng inee r i ng  
u n i t s )  

* - -_.. _ _  _ _.-___- __._ .. _ _ __- .. _ _  - _  LAG ___._ --- 

LAGFILT (Temperature l a g  and course f i l t e r )  

CAL 

P r i m a r y C a l i b r a t i o n f r o m  BROENK ( C a l c u l a t e s s a l i n i t y a n d s i g m a - t )  
B o t t l e  Casts 

LATCH 

DLATCH (Removes decreas ing and repea ted  depths)  

CTDATA 

CTDAVE (One meter  averaged da ta )  

NODCFO (Conver ts  t o  NODC ' f o rma t )  

NODC + HEAD 

NUTMERG (Merges NODC da ta  w i t h  headers and 
chemi c a l  d a t a )  

Submission t o  NODC FINAL 

CEMLIST (Ca l cu la tes  s p e c i f i c  volume anomal l y ,  
oxygen u t i l i z a t i o n ,  e t c . )  

TECHNICAL REPORT 



where: TR = r e a l  T 

TI = i n d i c a t e d  T 

2/ = sensor t ime  cons tan t  

= sampl ing r a t e  

n = 1,2,3 ...( each CTD scan) 

. .- The sensor w i t h  t h e  s lowes t  t ime  cons tan t  determines t h e  f a s t e s t  r a t e  a t  
which a CTD scan can -be  updated by t h e  d i g i t a l - t o - a n a l o g  c o n v e r t e r  i n  t h e '  

- - -  - -  

DDL. The T t ime  cons tan t  o f  0.229235 seconds governs t h e  f a s t e s t  r a t e  f o r  
t h i s  system. S e t t i n g  t h e  scan i n t e r v a l  t o  00 p rov ides  t h e  f a s t e s t  r a t e .  
The scan i n t e r v a l  can be s e t  as h i g h  as 99, w i t h  each o f  t h e  100 increments 
s l ow ing  t h e  sampl ing r a t e  down by m u l t i p l e s  o f  0.229235 seconds. The 
temperature l a g  o f  t h i s  sytem can be c a l c u l a t e d  from: 

O f f s e t s  and Course F i l t e r .  Depth and temperature o f f s e t s  (Tab le  7 ) ,  
determined by t h e  on-deck f requencies f o r  depth and temperature,  a r e  a p p l i e d  
i n  program CTDUNIT. The o f f s e t s  c o r r e c t  f o r  t h e  d e v i a t i o n  o f  t h e  zero  
dep th  and temperature f r6quency read ings  f rom t h e  f requenc ies  p r e s e t  by t h e  
manufacturer .  Our temperature sensor has shown no s i gns  o f  d r i f t  o r  o f f s e t  
w i t h  age when compared w i t h  p r o t e c t e d  r e v e r s i n g  thermometer readings,  so no 
o f f s e t  has been a p p l i e d .  I n  a d d i t i o n ,  no o f f s e t  i s  determined f o r  conduc- 
t i v i t y  though i t ,  l i k e  depth, has been observed t o  d r i f t  s l i g h t l y  w i t h  age. 
Th i s  d r i f t  i s  compensated f o r  i n  BROENK by a s a l i n i t y  o f f s e t  f rom a compari-  
son o f  b o t t l e  s a l i n i t y  w i t h  CTD s a l i n i t y .  Th i s  s a l i n i t y  o f f s e t  may be 
depth dependent due t o  t h e  e f f e c t  o f  p ressure  on t h e  c o n d u c t i v i t y  sensor.  
A s imp le  t e s t  f o r  t h i s  i s  a l i n e a r  r e g r e s s i o n  a n a l y s i s  o f  b o t t l e  s a l i n i t y  
l e s s  CTD s a l i n i t y  versus depth.  When sampl ing a t  depths l e s s  than  50 meters  
o r  when no p ressure  e f f e c t  i s  apparent,  t h e  mean o f f s e t  f rom b o t t l e  s a l i n i -  
t i e s  l e s s  CTD s a l i n i t i e s  f o r  a l l  s t a t i o n s  i s  m o s t ' a p p r o p r i a t e .  

LAGFILT course f i l t e r s  e l e c t r o n i c ,  s l i p  r i n g ,  and winch no ise .  The 
windows f o r  t h e  f il t e r  a r e  k 5 m y  + 0.8 mmhos/cm and + 0.5 '~ .  

Depth La tch  and Averaging. The normal descent r a t e  o f  0.25 meters/second 
and scan r a t e  o f  0.229 seconds should p r o v i d e  17 scans/meter. The number o f  
scans/meter v a r i e s  because t h e  mot ion  o f  t h e  F i s h  r e f l e c t s  s h i p  r o l l .  
Repeated depths a r e  removed by t h e  DLATCH program. The average number o f  
scans ( r ema in ing )  th rough  a 1 meter  i n t e r v a l  i s  10 + 7. Scans o f  da ta  0.5 
meters above and below each 1 meter  a r e  averaged f o r  depths l e s s  than  100 
meters and da ta  2.5 meters above and below each 5 meters  a r e  averaged f o r  
depths g r e a t e r  than  100 meters .  



Table 7. CTD Of f se ts .  

Cru ise D(n> n 0 C >  S(%) (Bottle-CTD) Sal.  Eq. Data Deepest 
S/iJ 729 o r  equat ion ) (from) Source' Ca l ib .  depth 

OBIS V (July-Aug. 1976): 
Hydro 1 

B i o  1 
Hyd.ro/Bio 2 
Abo.rted Hydro 3 
B i o  3 
Hydro 4 
B i o 4  . 

Hydro 5 

C I  12 (December, 1976) 

AD 477 (Ap r i  1, 1977) 

None 

lvlone 
None 
None 
None 
None 
None 
None 

None 

+ l .  714 

None 

None 
None 
None 
None 
None 
None 
None 

None 

i.4one 

Knowl es 
Knowl es 
Knowl es 
Knowl es 
Knowl es 
Knowl es 
Knowl es 
Knowl es 
Knowl es 

Broen kow 

Bennett  

XY Y 
XY  Y 
XY  Y 
XY  Y 
Mag tape 
blag tape 
Hag tape 
Mag tape 
Mag tape 

Mag tape 

Mag tape 

BF 38 (May, 1977) +2.29 None + .06i .015 I Broenkow HP 74m ' 

C I  03 ( Ju l y ,  1977) +2.29 None S = So + . I 0 1  - 3.05 x ~ o - ~ D  Broenkow Mag tape 204m 

4 BF 57 (September, 1977:l t2.29 None S = So + ,118 - 5.19 x 10' D /  Broenkow Mag tape 196m 

C I  07 (November, 1977) +3.24 Iione Not determined* Broenkow XYY 
I 

BF 07 (February, 1378) None - .003 + .004 ; Broenkow HP 209m 

PIERCE (March, 1973) +4.57(-1.14)** None + .042 + .013 Broen kow UP 398m 
1 

C I  01 (Ap r i  1 , 1978) 

BF 21 (May, 197b) 

None + . I25 + .013 / Broenkow HP 253m 
I 

None + . I36 + .011 Broen kow HP (&  XY Y ) 15m 
I 

! 

*Change C sensor (S/N 615 replaced h i t h  S/N 660); **change D sensor (S/N 817 repleced w i t h  S/N 837) 



n-. S a l i n i t y .  S a l i n i t y  i s  c a l c u l a t e d  f rom CTD scans u s i n g  shor tened 
I equat ions adapted f r om those o f  Bradshaw and Sch le i che r  (1965) and Cox 

e t  a l .  (1967) by Broenkow (1977) (Table 8) .  To determine t h e  e f f e c t s  o f  
7- 

pressure  and temperature on t h e  c o n d u c t i v i t y  sensor, uncor rec ted  and then  
c o r r e c t e d  s a l  i n i t y  c a l c u l a t i o n s  a r e  r e q u i r e d  acco rd ing  t o  t h e  s teps  i n  
Table 9. 

CTD C a l i b r a t i o n .  The CTD system i s  c a l i b r a t e d  a g a i n s t  wa te r  samples 
f rom r o s e t t e  b o t t l e s  t r i p p e d  i n  mixed l a y e r s  t o  i n s u r e  t h a t  t h e  sensors 
and t h e  b o t t l e s  a r e  bo th  sampl ing t h e  same water .  When a  mixed l a y e r  i s  
n o t  observed, a  comparison cannot be made a t  t h a t  s t a t i o n .  Consequently, 
an o f f s e t  equa t i on  i s  d e r i v e d  f rom t h e  a v a i l a b l e  da ta  and a p p l i e d  t o  t h e  
e n t i r e  c r u i s e  (Tab le  7 ) .  A Plessey Model 6230N Lab Sal inometer  i s  used t o  
determine t h e  s a l i n i t y  o f  water  samples f rom t h e  r o s e t t e  b o t t l e s .  

The Onslow Bay 1976 p r o j e c t  was an excep t ion .  Each l e g  o f  t h e  p r o j e c t  
had i t s  n w n - o f f s e t .  A t  t imes, more than  one o f f s e t  was necessary d u r i n g  a  
s i n g l e  l e g  because o f  r e p a i r s  t o  t h e  CTD system. 'Many-problems weve- - - -.- 

encountered d u r i n g  t h i s  i n i t i a l  b r e a k - i n  pe r i od .  M o d i f i c a t i o n s  t o  t h e  
system, as descr ibed  on pages 1-7 o f  t h i s  r e p o r t ,  overcame many o f  t h e  
problems. 

Upcasts. Our o r i g i n a l  Plessey CTD system was s e t  up u s i n g  a  one- 
conductor  w i r e  t h a t  would c a r r y  t h e  mu1 t i p l e x e d  C, Ty and D and r o s e t t e  
b o t t l e  t r i p p e r  s i g n a l s .  Sending t h e  s i g n a l  t o  t r i p  a  b o t t l e  i n t e r r u p t e d  
t h e  da ta  r e c e p t i o n  from t h e  CTD ( a c t u a l l y  sending sp iked  s i g n a l s ) .  For  
t h i s  reason, o n l y  downcast da ta  was recorded on tape, and b o t t l e s  were 
t r i p p e d  on t h e  upcasts .  

The system has s i n c e  been mod i f i ed .  Two w i r e s  and t h e  s h i e l d  (used 
f o r  a  ground w i r e )  o f  a  four -conduc to r  w i r e  a r e  used, sepa ra t i ng  t h e  CTD 
and r o s e t t e  s i g n a l s .  Upcast da ta  i s  recorded, u n a f f e c t e d  by b o t t l e  t r i p p i n g .  
However, t h e  sensors l i e  i n  t h e  wake o f  t h e  r o s e t t e  d u r i n g  upcasts  and 
t h i s  causes t u r b u l e n t  d i s t u rbance  o f  t h e  wate r  be ing  sampled; t h e r e f o r e ,  
t h e  da ta  r e p o r t e d  t o  NODC and i n  t e c h n i c a l  r e p o r t s  a r e  t h e  downcasts o n l y ,  
except  were downcast da ta  i s  l o s t  o r  incomplete.  

CTD E r r o r  Ana l ys i s .  The Plessey Model 9400 CTD system has t h e  f o l l o w i n g  
r a t e d  accuracy, r e s o l u t i o n ,  and t ime  cons tan ts  (Tab le  1 0 ) .  S ince sa l  i n i t y  
i s  n o t  measured d i r e c t l y ,  i t  has t o  be c a l c u l a t e d  f r om t h e  parameters 
i n d i c a t e d  i n  Table 10, r e s u l t i n g  i n  t h e  composite e r r o r s  o f  t h e  C, T, and 
D sensors and t h e  s a l i n i t y  equa t ion .  



Table 8. Broenkow's Salinity Equations. 

where: R = conductivity ratio 

Z = depth (meters) 

T = temperature (OC) 

C = measured conductivity (mnhos/cm) 

S = salinity (O/oo) 



Table 9. Flow Using Broenkow's Sal i n i t y  Equations . 

3 
S0/00 OUT 

*w i thou t  t h e  R term z 

RZ = pressure e f f e c t  on conductivity 

AT = temperature e f f e c t  

RT = R(S,t ,p)  conductivity r a t i o  

= t15 correction ( Internat ional  Oceanographic 
Tab1 es  , 1966) 



Table 10. S p e c i f i c a t i o n s  f o r  Plessey Model 9400 CTD System. 

Conduc t i v i t y  Temperature Depth 

Accuracy + 0.03 mmho/cm +_ 0 . 0 2 ~ ~  +_ 1 . 5 m  

Reso lu t ion  0.0002 mmho/cm 0.0001 OC 0.0012 m 

Time Constant 0.1 sec 0.35 sec 0.1 sec 

We have p rog ress i ve l y  used several  d i f f e r e n t  compact se ts  o f  s a l i n i t y  
equat ions i n  t he  HP c a l c u l a t o r ,  going from Knowles (1973) t o  Bennett  (1976) 
t o  Broenkow (1977). The Knowles equat ion does n o t  consider  t h e  i n f l u e n c e  
o f  depth on the  c a l c u l a t i o n  o f  s a l i n i t y  and, t he re fo re ,  i s  n o t  recommended. 
Both Bennett  and Broenkow inc lude  depth dependence. The Bennett  equat ions 
apparent ly  have rece ived considerable acceptance and use (Lewis and Perk i  n, 
1978). We have g r a v i t a t e d  f u r t h e r ,  now us ing  t h e  equat ions o f  Broenkow 
(1977). These equat ions g i v e  a b e t t e r  f i t  t o  Jaeger 's  (1973) t a b l e  o f  
s a l i n i t i e s  c a l c u l a t e d  f rom experimental  c o n d u c t i v i t i e s ,  temperatures, and 
depths than Bennett  f o r  t h e  temperature, depth, and s a l i n i t y  ranges we 
experience i n  our  work (Table 11).  This  i n  t u r n  g ives  a b e t t e r  r e a l  t ime 
l o o k  a t  t he  s a l i n i t y  s t r u c t u r e  be fore  i n t r o d u c i n g  the  s a l i n i t y  c a l i b r a t i o n  
data . 

By vary ing  " r e a l "  C, T, and D by t h e  r a t e d  sensor accuracies i n  t he  
s a l i n i t y  equat ion, t he  maximum e r r o r  a t t r i b u t a b l e  t o  each sensor can be 
determined. Those s t a t i o n s  w i t h  deep cas ts  t h a t  have a low c o n d u c t i v i t y  
and temperature have been found t o  cause the  maximum e r r o r ,  there fore ,  
those " r e a l "  data a r e  used t o  determine each parameters' e f f e c t  on t h e  
s a l i n i t y  equat ion. The composite maximum e r r o r  has been approximate ly  
+ 0.06 O/oo f o r  t he  " r e a l "  data sets.  However, t he  standard d e v i a t i o n  o f  
a l l  mixed l a y e r  samples taken f o g  s a l i n i t y  c a l i b r a t i o n  purposes imp l i es  
g rea te r  accuracy, namely + 0.03 /oo a f t e r  o f f s e t .  We b e l i e v e  t h i s  va lue 
i s  a more r e a l i s t i c  measure o f  t he  q u a l i t y  o f  t he  data se t ,  except i n  
s t rong  thermocl ines (AT > 1°C/m). 

Hew1 et t -Packard System 

The p rev ious l y  descr ibed d i g i t a l  magnetic tape record ing  has many 
advantages. However, t he re  a r e  several  ser ious disadvantages. The 
p r i n c i p a l  weaknesses a r e  t h e ' l a c k  o f  onboard con f i rma t ion  o f  data a c q u i s i -  
t i o n ,  no r e a l  t ime p resen ta t i on  o f  data, and c o s t l y  computer ana lys i s .  
I n  an e f f o r t  t o  avo id  these disadvantages and prov ide  a more redundant 
system, we have assembled a data a c q u i s i t i o n  system based on a Hewlet t -  
Packard 9825A c a l  cu l  a t o r .  

Present ly ,  our  HP-CTD data a c q u i s i t i o n  system i s  i n  the  f i n a l  develop- 
mental stages. The remaining problems a r e  p r i n c i p a l l y  w i t h  sof tware.  Our 
i n t e n t i o n s  a re  t o  use the  HP tape c a r t r i d g e  o r  f l e x i b l e  d i s k  as a pr imary 



,Table 11. Jaeger Pressure, Conductivity, Temperature, Sal ini ty Tab1 e. - 
Depth Pressure Conductivity Temperature Experimental Knowles Bennett Broenkow 

Salinity Salinity Salinity Salinity 
m dbar mmhos/cm2 OC PPt PPt ppt pp t 



data storage device, w i t h  the  Kennedy tape recorder  and HP X Y Y '  recorder  
a v a i l a b l e  as backup u n i t s .  The expanded sca le  o f  t he  HP X Y Y '  recorder  
(O.2o/cmY 0.4 (mmhos/cm)/cm, 4  m/cm) s t i l l  makes i t  va luab le  f o r  de te r -  
min ing a t  which depths t o  t r i p  N i s k i n  b o t t l e s  on t h e  upcast,  having p l o t t e d  
T  and C versus D dur ing  the  downcast. 

A s i n g l e  HP tape c a r t r i d g e ,  which i s  s t r u c t u r e d  w i t h  two p a r a l l e l  
t racks ,  conta ins  programs f o r  t he  CTD a c q u i s i t i o n  on one t r a c k  and has 
space f o r  data storage f o r  as many as 30 s t a t i o n s  on t h e  o ther .  The 
programs a r e  l i s t e d  i n  Appendix I V .  The master program i n s t r u c t s  the  
opera tor  how t o  i n i t i a t e  a  CTD cas t .  Special  f u n c t i o n  keys a r e  de f ined 
by t h i s  program t h a t  enable i n t e r a c t i v e  c o n t r o l  o f  data a c q u i s i t i o n  modes, 
i . e . ,  downcast, upcast, soak rou t i nes .  A l l  subsequent programs prompt 
the  operator  on procedures a.nd ask f o r  t he  necessary v a r i a b l e  e n t r i e s ,  
i .e . ,  o f f s e t s ,  data storage, f i l e  numbers. An example o f  t h e  i n t e r n a l  - p r i n t e r  ou tpu t  i s  shown i n  Appendix V.  

- - 
. . . - -  - 

The data 'acquired b y  the  HP i s  t r e a t e d  us ing  a  sof tware scheme s i m i l a r  
t o  t h e  Cyber programming b u t  i s  r e a l  t ime (Table 12) .  Whi le the  CTD i s  on 
the  deck o f  t he  s h i p  t h e  f requencies f o r  D and C are  entered f o l l o w i n g  
t h e  s t a t i o n  number. These va r iab les  a re  used i n  t h e  frequency t o  engi -  
neer ing u n i t  conversion'  as the  f requencies f o r  zero D  and C. 

Three scans o f  CTD a re  acqui red and t h e  temperature l a g  i s  c a l c u l a t e d  
s i m i l a r  t o  the  Cyber programming: 

The d i f fe rence i s  t he  sampling r a t e ;  0.405 seconds a r e  requ i red  f o r  t he  HP 
t o  acqu i re  and process a  CTD scan. The l e n g t h  and complex i ty  o f  the  HP 
data a c q u i s i t i o n  program governs the  sampling r a t e .  Fur ther  data processing 
i s  done a f t e r  data i s  acqui red and recorded on p r e l i m i n a r y  tape c a r t r i d g e  
f i l e s  a t  t h i s  f a s t e s t  sampling r a t e .  A T-versus-D p l o t  i s  done i n  r e a l  
t ime. 

A f t e r  the  CTD F ish  i s  lowered t o  w i t h i n  3 meters o f  the  bottom, data 
. c o l l e c t i o n  i s  stopped arid a soak r o u t i n e  begins. Depth, temperature, and 

s a l i n i t y  a r e  d isp layed and p r i n t e d  du r ing  the  four  minutes t h a t  t h e  
reve rs ing  thermometers remain a t  a  cons tant  depth f o r  e q u i l i b r a t i o n .  T  
and S p r i n t e d  du r ing  the  soak a re  used t o  c a l i b r a t e  t h e  CTD aga ins t  t he  
reve rs ing  thermometers and sal  i n i  t y  b o t t l e  sampl es taken a t  t h a t  depth. 

The p re l im ina ry  down c a s t  data i s  then averaged f o r  each meter and 
recorded permanently on the  HP tape c a r t r i d g e .  Data c o l l e c t i o n  du r ing  up- 
casts i s  taken i n  t he  same manner. I f  c a l i b r a t i o n  i s  t o  be done a t  depths 
o ther  than the  deepest sample depth, a  mid-depth soaking r o u t i n e  i s  used 
t o  p r i n t  D, T, and S w h i l e  a  r o s e t t e  b o t t l e  i s  being t r i p p e d .  The mid- 
depth soak can be used a t  any t ime t h e  CTD F ish  i s  stopped, so t h a t  excessive 
data i s  n o t  recorded. A t  t he  end o f  the  upcast the  p r e l i m i n a r y  data i s  
averaged t o  meter increments and recorded on a  permanent f i l e .  



Table 12. HP-CTD Data A c q u i s i t i o n  Scheme. 

I- 
ENTER HEADER & C AND D ON DECK FREQ, 

I 
READ (D,CJTI1 

I 
READ (D,CJT)2 

3 

CONVERT FREQS , TO ENG.1 NEER I NG UNITS 

TLAG T2 

4 
PLOT T2 VS D2 

9 
RECORD ~ D J c , T ) ~  

t 
RESET (D, C,T)2--t (D, CJT)l 

1 
RESET (DJC,T).3- (DJC,T)2 

4 
END CAST? 

SOAK 

4 
AVERAGE FOR ONE METER VALUES 

.c 
RECORD AVERAGED DATA 

G 

CALC,, PRINT AND PLOT SALINITY 



Our HP calculator was purchased with 8k bytes of core memory. With 
the program taking u p  one-fourth of the core, only 100 CTD scans could be 
input before the array had to be recorded on a prel iminary f i 1 e .  The core 
was then f ree  to  receive 100 more CTD scans. As much as two meters of data 
were missed while the calculator stopped to record each 100 scans. Sixteen 
k bytes of memory were recently added. In i t i a l  t e s t s  indicate tha t  80 m 
can be stored i n  an array before copying to the tape cartridge. Use of 
disk would eliminate t h i s  problem. 

I Further data processing i s  done aboard ship. Sal i n i  t y  (preferably 
from downcast data) i s  plotted versus depth. Until cal ibration data becomes 
available,  plots a re  made using uncorrected sa l in i ty  values. Temperature 
and sa l in i ty  onshore-offshore transects a re  plotted in vertical  cross sec- 
tion as well as horizontal plots and s tat ion locations. The HP software 
for  th i s  was developed a t  Skidaway Ins t i tu te .  

SUMMARY 

The system described herein i s  a powerful tool fo r  hydrographic data 
collection and reduction. Over 900 vertical CTD profiles and 45 hours of 
horizontal profil ing (pumping water over the sensors i n  a bucket on deck) 
have been successfully completed i n  the two years since purchasing the 
i n i t i a l  system components. Through the f i r s t  year, a 96% success r a t e  was 
achieved while the system was being t r ied  and upgraded. The success ra te  
improved in the second year and continues to do so. 

The portabi l i ty  of the system has allowed us to  work from many of the 
ships available for  research in the South Atlantic Bight. We take part in 
cooperative cruises and can operate on a minimum of manpower. 

Real time data processing aboard ship has been achieved. The HP 
programmed plot ter  provides immediate visual presentation of the data. 
The sensors show d r i f t  with time; therefore, an extension calibration 
scheme i s  performed for  every cruise.  Once calibrated and formatted fo r  
NODC, cruise data i s  presented i n  technical report form. 
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APPENDIX I .  

Troubl  eshoo t i  ng 



This  s e c t i o n  'summarizes some of our  problems and cures i n  a t r o u b l e -  

shoot ing  c h a r t .  Th is  i s  n o t  an a t tempt  t o  l i s t  every poss ib le  problem 

no r  t he  probable remedy. 



CTD TROUBLESHOOTING , 

PROBLEM ' PROBABL'E CAUSE CORRECTION 

*No C,T,and D s igna ls  i n  1 )  Have n o t  made a l l  . 1)  Check connections 
a i r  connections (DDL- 

s l  i p r i ngs  - CTD) 

2) Bad ground 2) check ground 

3)  Short i n  armored cable 3)  Cut o f f  bad p a r t  o f  
cable and re-scotchcast 

4) Bad mixer 4) Replace o r  r e p a i r  mixer 

5 )  Bad connection t o  5 )  Check connection f o r  
C, Ty and D sensors too much d i e l e c t r i c  
from mixer grease 

Loss o f  CyTy o r  D s igna l  1 )  Bad counter o r  1)  Replace o r  r e p a i r  board 
i n  a i r  d i g i t i z i n g  board 

i n  DDL 

2) Bad connection t o  2) Check connection f o r  , 
sensor too much d i e l e c t r i c  

grease 

Loss o f  C, T, o r  D s igna l  1)  Too much s i l i c o n e  1 )  Clean connector p ins  
o r  some combination o f  d i e l e c t r i c  grease i n  and sleeves 
s igna ls  i n  a i r  but  re -  connection 
covery o f  s ignal  w i t h  
depth 

Loss o f  a l l  s ignals as 1) Bad ground 1)  Check ground 
F ish enters water 

2) Leak i n  C, Ty  D, o r  2)  Disassemble and d r y  
mixer pressure housings w i t h  a lcohol  and 
contain ing e lec t ron ics  Q - t i ps  

3)  Leak i n  9 p i n  o r  3 p i n  3) Dry and seal w i t h  
plugs t o  sensors s i l i c o n e  d i e l e c t r i c  

+ grease 

Loss o f  C, T, and D 1)  Wire crimped and wedged 1)  Replace o r  r e p a i r  w i re  
s igna ls  a t  depth bu t  i n  pressure housing o f  
recovery w i t h  r e tu rn  t o  mixer 
sh ip  

*See "Vol t-Amp Meter Readings" f o r  t roub l  eshooting problems (page 30) .  



I PROBLEM PROBABLE CAUSE CORRECTION 

Occasional sp i k ing  1 )  F l u c t u a t i o n  i n  AC 1 )  Use d i f f e r e n t  wa l l  
( b l i n k i n g )  i n  C, T, and sys tem sockets f o r  power cords 
D s igna ls  

2) Wet o r  bad connect ion 2) Check s l i p  r i n g  w i r i n g  
t o  s l i p  r i n g s  

3)  Loose ground 3) Check ground 

4 )  Some s t ress  on a  con- 4) Check a l l  connectors 
nec tor  (on sh ip  o r  on 
F i sh )  

5) Wet 9  p i n  o r  3 p i n  5 )  Dry p ins  

--- ---- - -- = - .  

connectors on sensors 
. - - . . - . - . - - - - -. -. - - - -  - . - - - . -  

Spik ing o f  C, T, and D 1 )  Relays t o  winch 1 )  S o l i d  s t a t e  r e l a y s  
s igna ls  when winch i s  would be an improvement 
turned on o r  o f f  

Occasional D s p i k i n g  1 )  Bad armored conductor 1) Inspect  cab le  and 
beginning a t  a  p a r t i c u l a r  cab1 e  c u t  o f f  bad sec t i on  
depth from one c a s t  t o  
the  next  

Spik ing ( b l i n k i n g )  o f  C 1 ) Defec t ive  frequency 1 )  Replace p lug  o r  
s igna l  i n  h igh  s a l i n i t y  p lug  on C board i n  DDL capac i to r  on p lug  
water bu t  O.K. i n  a i r  o r  (Changes t h e  l i m i t  o f  
i n  low s a l i n i t y  water. acceptabl e f requencies 
Also note on X Y Y '  t h a t  which i t  w i l l  a l l o w  t o  
w h i l e  s igna l  occas iona l l y  pass i n t o  DDL f o r  pro-  
spikes, c o n d u c t i v i t y  r e -  cessing) 
mains too  constant  ( f a l se  
reading ) 

B l i n k i n g  C and analog 1) Capaci tor  t o  a t tenuate  1) Connect capac i to r  
(XYY' ) spikes F i s h  power t o  DDL when 

using a  sho r t  conductor 
w i r e  i s  n o t  i n  p lace 

Severe no ise  on X Y Y '  and/or 1 )  P l o t t e r  p i c k i n g  up s t r a y  1 )  P r o h i b i t  r a d i o  communi- 
HP 9825A and P l o t t e r  i n  a i r  r a d i o  frequency from ca t ions  w h i l e  doing 
o r  a t  depth r a d i o  communications CTD cas t  

(S ing le  Side Band) 

2)  Data 1  ines  too near 2)  Separate Data 1  i nes  
AC power l i n e s  from AC power l i n e s  



a . PROBLEM PROBABLE CAUSE CORRECTION 

Good s igna ls  t o  DDL b u t  1 )  S3' swi tch  on back of 1 )  F l i c k  swi tch  t o  proper 
noth ing  t o  X Y Y '  p l o t t e r  DDL i n  wrong p o s i t i o n  p o s i t i o n  

Good s igna ls  t o  DDL b u t  1 )  Bad conductor between 1 )  Repair o r  rep lace 
noth ing  t o  frequency . t h e  two conductor 
counter  

Mot' t r i p p i n g  b o t t l e s  1)  I n c o r r e c t  armored 1 )  Check hookup 
i n  a i r  cable hookup 

2 )  Bad ground 2) Check ground 

3)  Loose o r  wet connect ion 3) Check connect ions 
on F i s h  

4) Bad r e l a y s  i n  deck box 4) Replace r e l a y s  

5)  Bad step motor 5) Repair o r  rep lace 
s tep motor 

6)  Bad c o l d  so lders  i n  6)  Check so lders  
deck u n i t  

B o t t l e s  t r i p  i n  a i r  b u t  1) Leakage i n  armored 1) Cut o f f  bad cab le  
n o t  i n  water conductor ca b l  e  and re-scotchcast  

( e n t i r e  cab le  may be 
bad ) 
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Our Plessey 8400 D i g i t a l  Data Logger, which a l s o  powers t h e  CTD, 

was modi f ied t o  i n d i c a t e  sea cab le  vo l tage  and amperage on the  f r o n t  

.panel .  The fo l l ow ing  t a b l e  i s  ve ry  use fu l  f o r  t roub leshoot ing .  

Vol t-Amp Meter Readings 

Problem I n d i c a t i o n  o f  Problem 

CTD on Deck: 

Open C i r c u i t  h igh  v o l  tage , 1 ow amperage* 
_ __.---A - -  --- -- -----+-----. - ----. ---- - - --- ----- - ----. 

Short  C i r c u i t :  low vol tage,  c o r r e c t  amperage 

Short  i s  i n  deck u n i t  2 V o l t s  

Short  i s  i n  F i sh  5 V o l t s  

During CTD cas t :  

Short C i r c u i t  vo l t age  decrease 

Corros ion vo l tage increase 

*For our  250 meter, 4-conductor w i r e  the  normal readings a re  30 V o l t s  
and 135 m i l l  iamps. 
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. . '  cruise' Suppl ies  



CRUISE SUPPLIES 

General 

D ra f t i ng  suppl i e s  
Rul e r  
D iv iders  
10 p o i n t  d i v i d e r s  
Rubber s t a t i o n  stamp and i n k  pad 
Stop watch 
HP-55 hand he ld  ca l cu la to r  and power cord 
Meter-fathoms-feet d i sc  
2  boxes o f  penc i l s  (#2) 
2  magic markers (b lack) 
Graph paper f o r  X Y Y '  and 9862A p l o t t e r s  (25 x  38 cm) 
15 l ega l  s i ze  whi te envelopes 
2  c l i p  boards 
10 l a rge  p l a s t i c  bags 
Spare tubing f o r  N isk in  'Bot t les  
2' spare N i sk i  n  end caps ( tops)  
Spare landyards and micro-press clamps f o r  N i sk i n  Bo t t l es  
Pa i r  o f  s t a i n l ess  s tee l  wing b o l t s  f o r  each N isk in  B o t t l e  ( i n  t o o l  box) - 

2  scotch cas t  ( type 82-A1) (2  others i n  e lec t ron ics  box) 
1  box scotch auto-el  e c t r i c  seal i ng  compound (1  i v e  rubber tape) 
5  G.O. messengers ( f o r  Niskins i n  case o f  CTD f a i l u r e )  
. Incl inometer (w i re  angle) 
B icyc le  s t r e t ch  straps 
3  - r ad ia to r  spec ia l t y  straps (b lack rubber)  f o r  CTD 
1  p a i r  o f  gloves 
50' 1/8" nylon l i n e  ( f o r  t y i n g  down) 
50' 1/4" c lo thes l i n e  ( f o r  t y i n g  down) 
2  cans o f  CRC spray 
4 n u t r i e n t  f reez ing boxes 
2  i c e  chests ( i f  enter ing another p o r t )  
Nu t r i en t  Bo t t les  
Large dissolved oxygen (B.O.D. Bo t t l es )  
2  boxes o f  l a rge  s a l i n i t y  b o t t l e s  (70 t o t a l )  
1  box o f  small s a l i n i t y  b o t t l e s  (50 t o t a l )  
2  black p a i l s  w i t h  attached rope 
Bucket thermometer and spare thermometer (0.1 OC increments) 
Weather r ad io  
Anchor, 500 ft. o f  1  i n e  and buoy 
Desk lamp 
Lab s too l  
Lawn cha i rs  
2  unprotected thermometers 
4 protected thermometers (7715 and 7718 a re  best )  
10 and 30 l b .  weights 
CTD weight harness 
Thermometer reader-magnif ier 
7  small N isk in  Bo t t les  (1.7 l i t e r )  - 3  w i t h  thermometer racks 
2  la rge  (5.0 l i t e r )  N i sk i n  Bo t t l es  
NODC sheets 
Ring b i  nder r e i n fo r ce rs  
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. m  Cruise Suppl i e s  - General (cont  Id)  

"Cruise Log" r ing-b inder  notebook wi th :  c r u i s e  plan, c ru i se  log, data casset te 
logs ( l o ) ,  c ru i se  sect ion logs ( l o ) ,  s t a t i o n  sheets (120), XBT event l o g  (15), 
CTD procedure, D, C, T frequency conversion tables,  protected and unpro- 
tec ted thermometer c a l  i b ra t i on  sheets (copies),  oxygen analys is  procedure ( 3 ) ,  
oxygen data sheets (15) 

XBT Tester 
XBT t e s t  can is te r  
XBT cha r t  paper (0-200 m r o l l )  
XBT ' s 
XBT recorder 
XBT gun 
Plessey Lab Salinometer 
Standard seawater 
CTD-Rosette w i t h  He l le  Pinger 
CTD Winch + 3 welding brackets 
CTD pa r t s  box 
ELECTRONIC GEAR 
EQUIPMENT MANUALS 
OXYGEN ANALYSIS SUPPLIES 
TOOL BOX 



CRUISE SUPPLIES 

ELECTRONIC GEAR 

E l e c t r o n i c s  box 
HP 9825A ( c a l c u l a t o r ) ,  power cord  and packing box 
HP 9862A ( p l o t t e r ) ,  i n t e r f a c e ,  power co rd  and packing box 
HP 59307A (VHF swi tch) ,  * I n t e r f a c e  HP-IB and power co rd  
HP 59309A (Clock),  * I n t e r f a c e  and power co rd  *connected piggyback 
HP 5328A. (Counter),  * I n t e r f a c e  and power co rd  
HP 204C (Frequency o s c i l l a t o r )  and power co rd  and leads 
Plessey DDL 
Kennedy Recorder and power co rd  
HP 7046A (XYY' ) and power co rd  
DDL - Recorder I n t e r f a c e  
DDL - (XXY' P l o t t e r )  I n t e r f a c e  
3 leads: DDL f rom sw i t ch  
1 lead:. sw i t ch  from counter  
G.O. Roset te T r ippe r  Box 
4 conductor sea cable: (Winch t o  DDL and Roset te T r i p p e r  Box), 
Spare harness ( 9  p i n  w i t h  3 t h r e e  p i n  connectors f o r  C, T, and D) - ( i n  CTD Par t s  

Box) 
Assorted spare w i res  and connectors f o r  CTD ( i n  CTD Par t s  Box) 
Mounting board ( f o r  c a l c u l a t o r  and p l o t t e r )  
2 mu1 ti te rmina l  power s t r i p s  (be sure they  have fuses i n  them) 
.Voltmeter and leads (check t h a t  i t  i s  ope ra t i ona l )  
Solder i r o n  and so lde r  
Spare mixer,  c o n d u c t i v i t y ,  temperature, and depth sensors ( i n  CTD Par t s  Box) 
Data Cassettes 
Program Cassettes 
R o l l s  o f  p r i n t i n g  paper 
Pens f o r  p l o t t e r s  (9862A and 7046A X Y Y ' )  
HP Tape head c leaner  
Kennedy tape head c leaner  k i t  
Check output  on 10 v o l t  c a l i b r a t i o n  o f  X Y Y '  p l o t t e r  ( i s  i t  10 v o l t s ? )  
Labels f o r  magnetic tapes 
3 o r  4 magnetic tapes f o r  Kennedy tape d r i v e  
Intercom system (winch t o  DDL communications) 
2 r o l l s  o f  e l e c t r i c  tape 



CRUISE SUPPLIES 

EQUIPMENT MANUALS 

HP 9825A Ca lcu la to r :  Operat ing and Programming 
HP 9825A Ca lcu la to r :  System Test  Book le t  and Tes t  C a r t r i d g e  09825-90035 
HP 9825A Ca lcu la to r :  Qu ick  Reference Guide 
HP 9825A Ca lcu la to r :  General 1/0 Programming 
HP 9825A Ca lcu la to r :  Extended 110 Programming 
HP 9825A C a l c u l a t o r  and P l o t t e r :  P l o t t e r  P r o g r a m i n g  
HP 9825A Ca lcu la to r :  Advanced Programming 
HP 9825A Ca lcu la to r :  S t r i n g  V a r i a b l e  Programning 
HP 9825A Ca lcu la to r :  Systems Programming 
HP 98034A HP-IB I n t e r f a c e :  I n s t a l l a t i o n  and Serv i ce  Manual 
HP 59307A VHF Switch: Operat ing and Serv i ce  Manual 
HP 59309A ASCII D i g i t a l  Clock: Operat ing and Serv ice  Manual 
HP 7046A X-Y Recorder: Operat ing and Serv ice  Manual 
HP 5328A Un iversa l  Counter: User and Serv i ce  Manual 
HP 204C/204D O s c i l l a t o r :  Operat ion and Serv ice  Manual 
HP Opt ion  020 D i g i t a l  Vol tnieter:  I n s t a l  l a t i o n  and Serv ice  Manual 
HP Software General S t a t i s t i c s  Binder  w i t h  3-tapes 
Kennedy Model 1600 Incremental Tape Recorder: Operat ion and Maintenance Manual 
G.O. Model 101 5  Rosette: I n s t r u c t i o n  Manual 
G.O. Model 3070 F i l m  Recording Thermograph: I n s t r u c t i o n  Manual 
Plessey Model 7400 Winch: I n s t r u c t i o n  Manual 
Plessey Model 9400 CTD System: I n s t r u c t i o n  Manual 
Plessey Model 8400 DDL: I n s t r u c t i o n  Manual 
S ipp ican Model R-603 XBT System: I n s t r u c t i o n  Manual 
Plessey Model 6230N Labora tory  Sal inometer,  .. 



CRUISE SUPPL.IES 

OXYGEN ANALYSIS SUPPLIES 

3 copies o f  Oxygen Ana lys is  procedure ( i n  "Cruise Log" notebook) 
15 Oxygen Data Sheets ( i n  "Cruise Log" notebook) 
1 r o l l  d u c t  tape 
1 r o l l  masking tape 
paper towels 
2 boxes kimwipes 
1 c l i p  board 
1 p i p e t t e  bu lb  
2 - 50 m l  Lowy p i p e t t e s  (and tub ing )  
2 - 10 m l  (.05 m l  increment) b u r e t t e s  (and tub ing )  
2 c lean 5.0 m l  p i p e t t e s  
2 c lean 1.0 m l  p i p e t t e s  
1 c lean 50.0 m l  p i p e t t e  
2 - 10 m l  graduate c y l i n d e r s  
6 automat ic  p i p e t t e s  (p lunger type)  w i t h  6 t o  10 d ispensing tubes (preset  3 of 

them f o r  0.5 m l  and 1 f o r  2.5 m l  ) - these a r e  backup t o  Oxford Dispensers 
4 c lean  erlenmeyer f l a s k s  (125 m l )  
1 - 250 rnl beaker 
1 - 600 m l  beaker 
2 - 300 m l  B.O.D. b o t t l e s  
3 squeeze b o t t l e s  o f  d i s t i l l e d  water  
1 squeeze b o t t l e  o f  acetone 
t i  t r a t i o n  lamp 
3 - 0.5 m l  Oxford Reagent Dispensers (check t o  see t h a t  they work) 
2 e x t r a  dispenser b o t t l e s  
Jug o f  d i s t i l l e d  water  
2 r i n g  stands 
4 clamps 
4 pieces o f  tubing.  t o  cushion and secure b u r e t t e  and p i p e t  w i t h  clamps 
Vacuum pump (be sure i t  works) 
Trap f o r  vacuum pump (and tub ing )  
Magnetic s t i r r e r  and 2 s t i r  bars  
1 p a i r  sc i sso rs  
Box o f  Para F i l m  
S u l f u r i c  a c i d  
Starch i n d i c a t o r  s o l u t i o n  ( 2  1 i t e r )  
.O1 N I oda te  standard ( a t  l e a s t  500 m l )  
A1 k a l i n e  Iod ide  Soln. ( 1  l i t e r )  
Manganous s u l f a t e  soln.  (1  l i t e r )  
6 l i t e r s  t h i o s u l f a t e  s o l u t i o n  (+ stopper and tub ing  attachments) 
300 m l  BOD B o t t l e s  



I CRUISE SUPPLIES 

TOOL BOX 

1 r o l l  masking tape 
1 r o l l  duct  tape 
1 r o l l  e l e c t r i c  tape 
1 tube s i l i c o n e  l ub r i can t ,  1 tube s i l i c o n e  g lue  
1 can PVC cement 
1 magic marker (b lack)  
1 hammer 
3 screw d r i v e r s  
2 phi1 l i p s  screw d r i v e r s  ( l a rge  and small handled) 
6 jewelers screw d r i v e r s  
Channel lock  p l i e r s  
Needle nose p l i e r s  
Regular pP i ers  
C u t t i n g  p l i e r s  
Vise g r i ps  
Cable cu t t e r s  ( t h a t  don ' t  f i t  i n  Tool Box) 
A1 1 en wrenches 
Tape measure 
Small r a t che t  se t  
*1 k n i f e  o r  c u t t i n g  t o o l  
T r iang le  f i l e  f o r  Copenhagen water 
N isk in  b o t t l e  cocker and screw d r i v e r  
E l e c t r i c  d r i  11 (Separate from box) 
D r i l l  b i t s  
*l p a i r  sc issors  
8" ad justab le  wrench 
2 - 112"-9/16" open end wrenches 
1 - 112" wrench o/c 
1 - 9/16" wrench o/c 
2 - 318"-7/16" open end wrenches 
1 - 318" wrench o/c 
1 - 7/16" wrench o/c 
1 - 114"-5/16" open end wrench 
1 - 511 6" wrench o/c 
1 - 314" ch ise l  
Wire s t r i ppe rs  

ACCESSORIES TO TOOL BCX 

2 - 118" thimbles 
2 - 3/16" thimbles 
2 - 7/16" thimbles 
Pa i r  o f  s ta in less  wing b o l t s  f o r  each N isk in  b o t t l e  
Nuts and b o l t s  f o r  securing DDL and X Y Y '  p l o t t e r  
2 shackles 
Hard w i re  ( f o r  securing shackles) 
Wire clamps (U-bol t s )  
2" C-clamps 
Assorted bo l t s ,  wood screws, and screw eyes 



APPENDIX I I I. 

Cyber Programs 



The following programs are  written in CDC Fortran IV extended 

time sharing (FTNTS). The language i s  identical t o  Fortran IV 

except for  the addition l ine  numbers and the relaxed column require- 

ments. These programs are  stored and r u n  i n  compiled (binary) form. 



PROGRAH CTDRUN 

S I O .  
USER, S 1 0 3  , ****. 
SETUP, U 3 0 0 2 = B F 0 7 .  
REQUEST,TAPE,VSN=U3002,HI,F=S,P0=RrLB=KU. 
DEFINE,BF07,BFCK.  
COPY ,TAPE,BF07.  
REUIMD,TAPE. 
COPY,TAPE,BFCK. 
REWIND, EF07,BFCK. 
VERIFY,BF07,BFCK,N.  
D A Y F I L E .  
REPLACE,OUTPUT=CK. 
E X I T .  
D A Y F I L E .  
REPLACE,OUTPUT=CK. 



PROGRAH HAGREAD 

00100 PROGRAH NAGREAD (bFO7,BIRANG,OUTPUT,TAPES=BF07,TAPE6=OUTPUT, 
00110t TAPE7=BIRANG) 

0 0 1 2 0 ~  THIS PROGRAH IS DESIGNED TO CONVERT CTD DATA ON HAGPIETIC TAPES 
00 130C TO A BINARY RECORD (PROPORTIONAL TO FREQUENCY) FOR FURTHER 
001 40C CALCULATION TO SALINITY,TEHPERATURE, AND DEP'TH VALUES. 
00150 INTEGER K(54),H(45),HEAD 
00170 INTEGER 10,11,12,13,14,15,16 
00180 INTEGER SCAN0,SCAN1,SCAN2,SCAN3,SCAN4,SCANSISCAN6 
00190 INTEGER ZO,Zl,Z2,Z3,Z4,Z5,Zb 
00200 INTEGER CO,Cl,C2,C3,C4,CS,Cb 
00210 INTEGER TO,Tl,T2,T3,T4,T5,Tb 
00215 ISTA=O 
00222C iiASK WITH J 
00225 J=0000 0000 0000 0000 0001 B 
00230 28 BUFFER IN (5,1) (H(1 ),Pl(45)) 
00240 IF (UNIT(5)) 25,24,13 
00250 25 N=M(l) 
00260 HEAD=AND(SHIFT(N,3),J)*8000 +AND(SHIFT(N,4),J)*4000 
00270t +AND(SHIFT(N,S) ,J)*2000 + A N D ( S H I F T ( N , 6 ) , J ) : k 1 0 0 0  
00280+ +AND(SHIFT(N,9),J)*800 +AND(SHIFT(N,lO),J)*400 

00290+ +AND(SHIFT(N,ll),J)*200 + A N D ( S H I F T ( N , ~ ~ ) , J ) : P ~ O O  
00300t tAND(SHIFT(N,15),J)*80 +AND(SHIFT(N,16),J)*40 

00310t +AND(SHIFT(N,17),J)*ZO +AND(SHIFT(N,18),J):410 

00320t +AND(SHIFT(N,21),J)*E +AND(SHIFT(M,22),J)*4 
00330t +AND(SHIFT(N,23),J)*2 +AND(SHIFT(N,24),J)*l 
00334C HOPEFULLY 9999 WAS ENTERED ON THE HAGNETIC TAPE AFTER THE LAST CAST. 
00335 IF (HEAD.EQ.9999) GO TO 8 
00340 U R I T E  (7,231HEAU 
00345 23 FORHAT ("9999",/,14) 
00346 GO TO 28 
00348 24 URITE (6,261HEAD 
00350 20 FORHAT (/"***", 14, ":#*:#=THE HEADER NUMBER") 

00351C COUNT THE NUMBER OF STATIONS 
00352 ISTA=ISTAtl 
00355 ICOUNT=O 

00360 9 EUFFER IN(5,1)(K(l),K(54)) 
00370 IF(UNIT(5))15,14,13 
00380 15 CONTINUE 
00390C COUNT THE NUHBER OF RECORDS OF DATA 
00400 ICOUNT=ICOUNTtI 

00410 5 DO 2 L=1,7 
00420 IO=K(7*L-6)8I1=t~(7*L-5)$I2=K(7:~L-4)$13=K(7:~L-3)$I4=K(7*L-2)$I5=K(7*L-1) 
00430 Ib=K(7*L) 

00460 SCANO=AND(SHIFT(IO,3),J)*80+ 
00470+ AND(SHIFT( 10.4). J):k40+ 

00480t AND!SHIFTiIO,S),J)*20+ 

00490+ AND(SHIFT( I0,6), J):#10+ 

00500t AND(SHIFT(I0,9),J)*8+ 
00510t AND(SHIFT(I0,lO) ,J)*4+ 

00520t AND(SHIFT(IO,ll),J)*2+ 

00530t AND(SHIFT(IO,12), J):41 

00540 ZO=AND(SHIFT (10, 15). J):k32768 tAND(SHIFT(I0, lb), J):#16384 
00550t tANIl(SHIFTIIO,l?),J)*8192 +AMD(SHIFT( I0 ,18) ,J ) : l :4096 
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PROGRAH C T D U N I T  

0 0 1 0 0  PROGRAH CTDUNIT(INPUT,BIRANG,OUTPUT,LAG,TAPE5=EIRANG,TAPE7=LAG9 
0 0 1 1 0 t  TAPE4=INPUT,TAPE6=OUTPUT) 
0 0 1 2 0 C  T H I S  PROGRAH READS FREQUENCIES  ( B I N A R Y  RANGE,EH) FROM B IRANG,  
0 0 1 3 0 C  CONVERTS THEH TO DEPTH, CONDUCTIV ITY ,  AND TEMPERATURE, AND 
0 0 1 4 0 C  WRITES THE NEW DATA SET ON A F I L E  DESIGNATED BY TAPE7.  
0 0 1 5 0  INTEGER HEAD,SCAN,U 
0 0 1 6 0  INTEGER ZBR,CER,TBR 
0 0 1 7 0  REWIND 5 
0 0 1 8 0  1 = 0  
0 0 1 8 5  U R I T E ( 6 , B )  
0 0 1 8 7  READ(4 ,9 )COR 
0 0 1 9 0 C  U I S  THE PRE-HEADER WRITTEN ONTO B I R A N G  70 IDENTIFY NEU CASTS.  
0 0 2 0 0 C  U = 9 9 9 9 .  THE HEADER NUHEER FOLLOUS. 
0 0 2 1 0  1 0  READ ( 5 , 1 1 ) W  
0 0 2 2 0  1 2  R E A D ( 5 , 1 3 ) H E A l l  

0 0 2 3 0  I F ( E O F ( 5 ) ) 6 , 1 6  
0 0 2 3 5  1 6  CONTINUE 
0 0 2 4 0  W R I T E ( 7 , 1 4 ) H E A D  
0 0 2 5 0 C  S COUNTS THE NUMBER OF CASTS. 
0 0 2 6 0  I = I + l  
0 0 2 7 0  J=O 
0 0 2 8 0  2 I F ( E O F ( 5 ) ) 6 , 7  
0 0 2 9 0  7 READ (5,3)SCAN,ZBR,CBR,TBR 
0 0 3 0 0  I F  (SCAN.EQ.9999 )  GO TO 1 2  
0 0 3 1 0 C  J COUNTS THE NUMBER OF L I N E S  PER CAST. 
0 0 3 2 0  J = J t  1 
0 0 3 3 0  Z=O.O36621094:f iZER 
0 0 3 3 5  Z=Z+COR 
0 0 3 4 0  C-0 .002441406:bCBR 
0 0 3 5 0  T=O.O01220679*TER-4.999208208 
0 0 3 6 0  U R I T E  ( 7 , s )  J,SCAN,Z,C,T 
0 0 3 7 0  GO TO 2 
0 0 3 8 0  6 WRITE ( 6 , 4 )  I 
0 0 3 9 0  U R S T E ( 7 , l )  

0 0 4 0 0 C  THE FORMAT S E C T I O N  FOLLOWS 
0 0 4 1  0 1 FORMAT ( " 9 7 9 9 "  ) 

0 0 4 2 0  3 FORHAT I I 4 , 1 X , I 5 , 1 X , I 5 , 1 X , I 5 )  
0 0 4 3 0  4 FORHAT ( "****: f i**",  1 6 ,  ":c:b*:h*:k=THE NUMBER OF CASTS NOW ON TAPE;'." 1 
0 0 4 4 0  5 FORHAT (14,1X,I?,1X,F6.2,1X,F6.3,1X,F5.2) 

0 0 4 4 5  8 FORMAT("ENTER THE DEPTH CORRECTION FACTOR FOR THE CTDW,/ ,  
0 0 4 4 6 +  " I N  THF FnRflAT +X.XXX OK -X.XXX")  

0 0 4 4 7  9 F O R M A T ( F 6 . 3 )  
00450 1 1  FnRHAT  (12.1 
0 0 4 6 0  1 3  FORMAT ( 1 4 )  
0 0 4 7 0  1 4  FORMAT ( " 9 ? 9 9 " , / , 1 4 )  
0 0 4 8 0  STOP 
0 0 4 9 0  END 
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PROGRAH DLATCH 

0 0 1 0 0  PROGRAM DLATC (LATCH,OUTPUT,CTDATA,TIIPE5=LATCH,TAPE6=OUTPUT, 
0 0 1  1 0 t  TAPE7=CTDATA)  
0 0 1 2 0 C  T H I S  PROGRAN READS D, C, AND T FROH LATCH,  REHOVES L I N E S  H A V I N G  
0 0 1 3 0 C  ASCENDING DEPTHS, AND WRITES THE NEW DATA SET ONTO A F I L E  
0 0 1 4 0 C  DESIGNATED BY TAPE?. 
0 0 1 5 0  D IHEMSIOM J ( 6 0 0 0 ) , S ( 6 0 0 0 ) , ~ l ( 6 0 0 0 ) , C ( 6 0 0 O ) , T ( 6 0 0 0 )  
0 0 1 6 0  INTEGER HEAD,W 
0 0 1 7 0  R E U I N D  5  
0 0 1 8 0  I = O  
0 0 1 9 0  R E A D ( 5 , l O ) W  
0 0 2 0 0  2  R E A D ( 5 , l O ) H E A D  
0 0 2 1 0  I F ( E O F ( 5 ) ) 3 , 4 '  
0 0 2 2 0  4  W R I T E ( 7 , l S ) H E A D  

0 0 2 3 0 C  I COUNTS.THE MUHEER OF CASTS. 

0 0 2 4 0  I = I t 1  
0 0 2 5 0  READ(5,12)JOUT,SCAN,DOUT,COUT,TOUT 
0 0 2 6 0  R E A I I ( 5 , 1 2 ) J I  ,S1  , D l  ,C1,T1 
0 0 2 7 0  DO 1 ,K=1 ,6000  
0 0 2 8 0  R E A D ( 5 , 1 2 ) J ( K ) ? S ( K ) , D ( K ) , C ( K ) , T ( K )  
0 0 2 9 0  I F ( J ( K ? . E R . 9 9 9 9 ) G O  TO 2 
0 0 3 0 0  I F ( E O F ( 5 ) ) 3 , 5  
0 0 3 2 0  5  I F ( D ( K ) . L E . D l ) G O  TO 1  
0 0 3 3 0  URITE(7,12)Jl,Sl,Dl,Cl,Tl 
0 0 3 4 0  Jl=J(K)SS1=S(K)SD1=D(K)$CltC(K)$Tl=T(K) 
0 0 3 5 0  1  CONTINUE 
0 0 3 5 5  W R I T E ( 6 , 1 8 ) H E A D  '$ GO TO 2 2 2  
0 0 3 6 0  3  W R I T E ( ? , 1 6 )  
0 0 3 7 0  W R I T E ( 6 , 1 7 ) 1  
0 0 3 8 0 C  FORHATS ARE AS FOLLOWS: 
0 0 3 9 0  1 0  F O R b l A T ( I 4 )  
0 0 4 0 0  12 FORf4AT(I4,1X,12,1X,Fbb2,lX,F6.3,1X,F5.2) 
0 0 4 1 0  1 5  F O R # A T ( " 9 9 9 9 " , / , 1 4 )  
0 0 4 2 0  1 6  F O R i i A T ( " 9 9 9 9 " )  
0 0 4 3 0  17  FORHAT("*" ,16," :h=THE NUMBER OF CCISTS NOW ON TAPE7;") 
0 0 4 3 5  1 8  FORHAT( "STAT ION" ,16 , "  HAS OVER 6 0 0 0  L1NES:THE FROG. STOPPED.")  
0 0 4 4 0  2 2 2  STOP 
0 0 4 5 0  END 



PROGRAM CTDAVE 

00100 PROGRAH CTDAV (CTDATA,AVE,OUTPUT,TAPES=CTDATA,TAPE7=AUE, 
001 10+ T A P E ~ = O U T P U T )  
00120C THIS PROGRAH READS D, C,  AND T FRO# CTDATA, CALCULATES THE AVERAGE 
00130C VALUES FOR POINTS FROn .5 T O  - . 5  METERS, AND WRITES THE NEW 
00140C DATA SET ONTO A FILE DESIGNATED BY TAPE7. 
00150 DIIIENSION J(100),S(100),D(100),C(100),T(100) 
00160 INTEGER HEAD,U,S,Q,R 
00170 REWIND 5 
001 80 1=0 
00190 READ(S,I)U 
00200 1 7  READ(5,l)HEAD 
00210 IF(EOF(5))18,15 
00220 15 WRITE(7,2)HEAD 
00230C I COUNTS THE NUMBER O f  CASTS. 
00240 I = I + 1  
00250 DX=1.5 
00260 1 3  N=O S P=O $ F=O S G=O 
00270 DO 10 K=1,100 
00280 READ(5,3)J(K),S(K),D(K),C(K),T(K) 
00290 IF (EOF(5) )11 ,12  
00300 12  Q=J(K)  S R=S(K) 
00310 IF(D(K).GE.DX)GO TO 11 
00320 IF(Q.EQ.9999)GO TO 11 
00330 #=Q 
00340C N COUNTS THE NUtiEER OF POINTS T O  RE AVERAGED. 
00350 N=N+1 
00360 P=P+D(K) $ F=F+C(K) $ G=G+T(K) 
00370 10 CONTINUE 
00380 11 IF(M.ER.O)GO TO 22 
00390 A=P/M $ B=F/N B E=G/N 
00400 GO TO 23 
00410 22 IF(Q.ER.9999)GO T O  17 
00420 A=D(K) $ E=C(K) $ E=T(K) 
00430 M=R 
00440 N=l  
00450 23 WRITE(7,3)M,R,A,B,EJ 
00460 IF(Q.EQ.9999)GO T O  17 @ 
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PROGRAH NODCFO 

00100 PROGRAR NODCFO(SGSA,OUTPUT,NODC,TAPE5=SGSA,TAPE6=OUTPUT, 
0 0 1 1 0 t  TAPE7=NODC) 
00120C THIS FROGRAfl READS D,T AND S FROH THE CRUISE DATA F I L E  AND 
00130C REWRITES THEM I N  NODC FORMAT ON A F I L E  DESIGNATED B Y  TAPE7. 
00140 INTEGER U,HEAD,X 
00150 REWIND 5 
00160 1=0 $ N=O 
00170 READ(5,l)W 
00180 1 0  READ(5,l)HEAD 
00190 I F ( E O F ( 5 ) ) 2 0 , 2 1  
00200 21 URITE(7,2)HEAD 
00205 WRITE(6,l)HEAD 
00210 N=N+1 
00220 X=O 
00230 11  READ(5,3)J,D,T,S 
00240 IF(J.Ea.9999)GO TO 10 
00250 IF(D.GE.INT(D)+O.S)GO TO 24 
00251 IF(T:k1O.GE.INT(T*10)+0.5)GO T O  25 
00252 IF(S*100.GE.IMT(S*100)+0.5)GO TO 26 
00254 K=D 9 L=T*lOO $ #=S:klOO 
00255 G O  TO 23 
00256 26 K=D $ L=T*100 8 H=S*100+1 
00253 GO T O  23 

00258 25 I F ! S ~ ~ 1 0 0 . G E . I N T ( S ~ ~ 1 0 0 ) + 0 . 5 ) G O  TO 27 
00259 K=D $ L=T:k100+1 $ M=S:k100 
00260 G O  T O  23 
00261 27 K=D $ L=T*100+1 $ M=S*100+1 
00262 G O  T O  23 
00263 24 IF(T:~10.GE.INT(T+10?+0.5)GO TO 28 
00270 IF(S*100.GE.INT(S*100)~0.5)GO TO 29 
00271 K=Dt1 $ L=T:k100 8 M=S:b100 
00280 G O  TO 23 
00281 29 K = n + i  $ L=T*IOO 3 M=S*IOO+~ 
00282 GO T O  23 
00283 28 IF(S*100.GE.INT!S*100)+@.5)GO T O  30 
00284 K=D+1 $ L=T*100+1 $ M=S*100 
00285 G O  TO 23 
00286 30 E=n+l  $ L=T*:100+1 $ M=S*100+1 
00290 23 IF(K.ER.X)GO TO 11 
00300 WRITE(7,4)K,L,M 
00310 I = I + 1  
00320 X = C  

00330 G O  TO 11 

00340 20 WRITE(6.5)N 
00345  WRITE(^,^) 
00350C THIS I S  THE FORMAT SECTION: 
00360 1 FORflAT(I4)  
OG3?0 2 FORblAT("9?9?",?,14) 
00380 3 F O R M A T ( I 4 , 4 S , F 6 . 2 , 8 X , F 5 . i ? , Z Y , F b . J )  
00390 4 FORBAT(26X,I5,15,15) 
00400 5 FORblAT (":t::t::::", 14.  ":1::t:*=THE NUMBER OF CASTS NOW ON TAPE?. " ? 

00405 6 FORMAT("?999") 
00410 STOP 
00420 END 



FROGRAH MUTHERG 

0 0 1 0 0  PROGRAM HEHGEIT(INPUT,NOD,HEAsOUTPUT,FINAL,TAFE4=INPUT, 
0 0 1 1 0 t  TAFES=NOU,TAPE6=0UTPUT,TAPE7=FIMAL,TAPE8=HEA) 

I 
5 2 

0 0 1 1 5 t  T H I S  PROGKAY flERGES HEADER AND NUTRIENT DATA TO CAST DATA I N  NODC FORHAT. 
0 0 1 2 0  DIMENSION I'H(IO) 
0 0 1 3 0  INTEGER W,HEAD,X,CT,Z 
0 0 1 4 0  REWINDS 9 REWIND8 
0 0 1 5 0  1=0  $ N=O 
0 0 1 6 0  HEAD(5 , l )W 
0 0 1 7 0  4 1  BACESPACE 8  

0 0 1 8 0  1 0  READ(5, l )HEAD 
0 0 1 8 5  I F ( E O F ( 5 ) ) 2 0 , 2 1  

0 0 1 8 7  2 1  READ(8,6)(IH(I),I=1,9),IP,IHEAD,IR 
0 0 1 9 0  I F ( E O F ( 8 ) ) 2 0 , 2 9  
0 0 2 0 0  2 9  CONTINUE 
0 0 2 1 0  2 2  WRITE(7,6)(IH(I),I=1,9),IP,IHEAD,IR 
0 0 2 1 9  N=N+l  
0 0 2 2 1  1 2  READ(8,9)Z 
0 0 2 2 2  I F ( E O F ( 8 ) ) 1 3 , 1 4  
0 0 2 2 3  1 4  IF(Z.EO.31?GO TO 1 3  
0 0 2 2 4  BACKSPACE 8 
0 0 2 3 0  READ(8,7)KK,ISAL,02,P04,NO3,SIO3,CT 
0 0 2 3 2  GO TO 1 1  
0 0 2 3 4  1 3  l:K=999 
0 0 2 4 0  11 READ(5,3)J,E,L,H 
0 0 2 5 0  I F ( J . E Q . 9 9 9 9 ) G O  TO 4 0  
0 0 2 5 5  IF(K.GT.100,)GO TO 6 0  
0 0 2 5 7  IF(KK.EQ.2)GO TO 4 3  
0 0 2 6 0  IF(KK.LE.K)GO TO 4 3  
0 0 2 6 3  GO TO 4 4  
0 0 2 6 5  6 0  IF (EK.LT .E t2 .5 )GO T O  43 
0 0 2 8 2  4 4  URITE(7,4!t<,L,M 
0 0 2 8 3  GO TO 1 1  
0 0 2 8 5  4 3  IF(I.SAL.EO.O?GO TO 4 8  
0 0 2 8 7  WRITE(7,51)K,L,ISAL,02,F04,N03,SIO3,CT 
0 0 2 8 8  GO TO 1 2  
0 0 2 9 0  48 URITE(7,8)K,L,M,02,P04,N03,SI03,CT 
0 0 3 0 0  GO TO 1 2  
0 0 3 1 0  40  IF(EK.ER.999!GO TO 41 
0 0 3 1 5  I F ( J . E 0 . 9 9 9 ? ) W R I T E ( 7 , 8 ) t ~ K , L , f l , O 2 , P O 4 , N 0 3 ~ S I O 3 , C T  

0 0 3 1 7  GO TO 4 7  
0 0 3 2 0  4 5  WRITE(7,7)KE,ISAL,02,PO4,NO3,S103,CT 
0 0 3 2 3  4 7  CUHTINUE 
0 0 3 3 0  READ(8 ,9 )Z  
0 0 3 3 5  S F ( E O F ( 8 )  ) 1 0 , 4 6  
0 0 3 4 0  46 IF (Z .EQ.31  )GO TO 41  
0 0 3 4 5  BACKSPACE 8  
0 0 3 4 7  KEAD(8,?)KK,ISAL,02,PO4,NO3,SIO3,CT 
0 0 3 5 0  GO TO 4 5  
0 0 3 6 0  2 0  WRITE(6 ,5 )N  
003?OC T H I S  I S  THE FOHflAT SECTION: 
0 0 3 8 0  1  F O R H A T ( I 4 )  

, 0 0 3 9 0  2 FORMAT( "????" ,! ,I4) 
0 0 4 0 0  3 FORMAT( I4?22X, I5 ,A5 ,A5)  

0 0 4 1 0  4  FORMAT(26X, 15,A5,A5?38X,  I13I1) 
0 0 4 2 0  5 FORMAT ( " : t t : h " ,  14 ,  11*:k:4=THE NUMBER OF CASTS NOW ON TAPE?." 
0 0 4 3 0  6 F@RMAT(9A8,A4,13,Al?  
0 0 4 4 0  7  FORMAT(26X,I5,5X,I5,FX,A3,A3,4X,A~T.A3,11X,Il! 
0 0 4 5 0  1 F O R W A T ( 2 6 X , 1 5 , k 5 ~ A 5 , ? X , A 3 , A 3 , 6 X , A 3 , A ~ 3 , 1 1 ~ , 1 1 ~  
0 0 4 5 2  ? F@F:MAT(I2) 

0 0 4 5 3  5 1  
0 0 4 5 5  5?  FORf lAT(30X,131 
0 0 4 6 0  STOP 

0 0 4 7 0  END 
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00377+ T 1 4 " Z " , T 1 9 " T " , T 2 5 " S " , T 3 1 " D " , T 3 6 " S V A " , T 4 2 " 0 2 " , T 4 8 " 0 2 ' " , T 5 3 " A O U " ,  
00378+ T5?"P04",T65"N03",T72"SI") . 
00379 61 READ(5,l )LD 
00380 IF(EOF(5))70,71 
00390 71 CONTINUE 
00400 IF (LD.ER.4 )GO TO 70$IF(LD.Efl.l )GO TO 80$IF(LD.EQ.6)GO TO 60 
00410 IF(LD.ER.3)GO TO 50 
00420 80 BACKSPACE 5 
00425 IPG=O 8 ISEC=O 

00430 READ(5,2)NLAT,NLATD,NLONG,NLONGD,MYR,NnN,NDY,NHR,NCRU,NSTA7NZ 
00440+,NWAD,NWHGT,NWID,NWFO,NBAR,NAT2,NAT1,MUC,NCT,NCA,NUIS,NLTR,NCONS 
00450 A L A T = N L A T D / I O . $ A L O N G = N L O N G I l / 1 0 . $ A H R = N H R / 1 0 .  

OO6OOC W I N D  SPEED IS AS SPEED 
OOblOC BAROMETER CALCULATION 

00620 BAR=NBAK/10. 

00630 IF(BAR.GE.O)GO TO 700 
00640 EAR=EAR+900.$GO TO 701 
00650 700 BAR=EAR+1000. 
00660 701 CONTINUE 
00690C WEATHER CODE IS AS IS 
O O ~ O O C  cioun TYPE AS IS 
00710C VISIBILITY AS IS 
00720C PlONTH TO ROMAN NUMERAL 

00730 GOT0(751,752,753,754,755,756,757,758,759,760,761,762),NHN 
00740 751 HONTH=# I#BGO TO 770 

00750 752 HONTH=# II#$GO TO 7?0 
00760 753 MONTH=# III#$GO TO 770 
00770 754 HONTH=# IV#$GO TO 770 

00780 755 MONTH=# V4iBGO TO 770 
00790 756 MONTH=# VI#$GO TO 770 
00800 757 HONTH=# VII#$GO TO 770 
00810 758 PlONTH=#UIII#$GO TO 770 
00820 759 HONTH=# IX#$GO TO 770 
00830 760 MONTH=# X#$GO TO 770 
00840 761 #ONTH=# XI#BGO TO 770 

00850 762 MONTH=# XII#$GO TO 770 

00860 770 CONTINUE 

00870C CLOlJD A#OIJNT CODE 9 
00880 IF(NCA.Efl.9)MCA=IH:k 

00890C 
00900C 
0091 01: :t.:+:#:k:+:kHEADER FR IN'r()UTS:e:k:+:t.:+:k 

00920 RLATil)=NLAT+ALAT!60.$RLONG(I)=NLONG+ALONG!60. 
00930 IF(NCONS.GT.1)GO TO 2000 . 
00940 DIST=Q.%GO TO 2001 
00950 2000 DEL! AT=ABS(HLAT( 1 1-RLAT(2 1 )  
00960 DELLON=ABS(RLONGil)-RLONG(2!) 
00970 P=DELLOH*COSi(HLAT(1)*RLAT(2)) :1: .0087265) 
00980 DIST=111 .?:+!P:+P+DELLAT:f:DELLAT)*:k.5 
00970 2001 R L A T ( 2 ) = R L A T ! 1 ) I A L O N G ( 2 ~ = f c L O N l i ( l )  
01000 URITE~S,55O)HEAD1,HEA112,NSTA,NLTR,NDDY,MONTH,NYR7~~HR,NCONS 
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01 490 T=TEMP$SIGFl=( (T-Sm98):* :k2)8 (T+283. I / (  (503 .57 ) * (T+67 .26 )  ) 

01 500. S IGF?=(T**3) :# (  1.0843E-6) - (T :1 !T) :k (9 .818SE-5)+T+4.7867E-3  
01510 S I G F 3 = ( T * * 3 ) * ( 1 . 6 6 7 E - 8 ) - ( T * T ) * ( 8 . 1 6 4 E - 7 ) + T : ~ 1 . 0 0 3 E - S  
01520 SIGS=(SAL**3)*(6.767861E-6)-(SAL:kSAL)*(4.82496E-4)+ShL:~.0148?7 
01530 SIGMA=-SIGF1+(SIGS+.03895414)*(1.-SIGF2+(SIGF3)*(SIGS-2.258458)) 
01540 3000 CONTINUE 
01550C CALCULAT SVA(SPECIF1C UOLUHE AN0HAL.Y) 
01 560 FS=FS1 *SAL*:k3+FS2*SAL*82tFS3:kSAL 
01570 A=NDEPTH*Al* (A2+A3*TEnP+A4*TEMP*:k2tASfNDEFTH:4TEHP)-  
0 1 5 8 0 + ( A 6 t A 7 : k T E H P t A 8 * T E M F : * * 2 + A 9 * T E M P * * 3 )  
01 590 R= ( ( ( FStO) / E l  * ( B2-R3:4TEHP+B4:kTEHP*:42-NDEPTH*B5:k (R6-R7+TEMF+R8:fi 
01 600+TEtlP:1!:1:2) I * (  -1 . )  + (  ( (FS tO) /B1  1*:~2):1(R9-R1 O*TEHP-iND€FTH:t:R5):4 
0 1 6 1 0 + ( R l l  -812:kTEMP)) 
01620 A350P=A31*(1 . -NDEPTH*A32:~iA33/ (1 .+A34*ulNDEFTH)+A35:1:NDEPTH+A36))  
01630 ASTP=(1.-NDEYiH*ASS*(AS2/Il.+AS3~NDEPTH)+(A+P))!/(1.+SIG~A:kAS4) 
01640 SUA=ASTF-A350F 
01650 SVA=SVA:b100000. 
01660 NSVA=SVA 
01 670 OXYSAT=EXP(Cl +C2* ( 1  O ~ . / T K ) t C 3 : 4 A L O G ( T K / l O O .  )+C4:kTK/lOO. 
01 bflO++SAL*(Dl tD2:kTK/10OO tD3*(TK/100.  ) * * 2  1 )  
01685 AOU=OXYSAT-OXY 
01690 IF(SAL.GT.O.OO)GO TO 200 
01695 IF(TEHP.EO.O.O)GO TO 311 
01700 IF(OXY.EO.O.OO~G0 T O  250 
01710 WHITE~6,210!NDEPTH,NDEr,TEMP,OXY,PO417FO42~NO31,NO~2,SI1,SI2 
01720 210 F O R M A T ( 1 O X , I 3 , 1 H . , I 1 , 1 X , F 5 . 2 , 1 9 X , F 4 . 2 , 3 X , 1 H . , 5 X , 1 H . ~ 4 X , A 1 , 1 H . , A 2 , 2 X ,  
0 1 7 2 1 t  A2,1H.,A1,2X,A2,1H.,Al) 
01730 G O  TO 60 
01731 311 IF(OXY.ER.O.O)GO TO 313 
01732 URITE(6,312)NDEPTH,NDEP,OXY,PO41,PO42,NO31,NO32,SI1,SI2 
01734 312 FDR#AT(1OX,I3,1H.,I1,25X,F4.~,3X,1H.,5X,1H.,4X,A1,1H.lA2,~X,A2l1H.,A1y 
0 1 7 3 5 t  2X,A2,1H.,A1) 
01736 G O  TO 60  
01737 313 W R I T E ~ ~ , ~ ~ ~ ) N D E P T H , N I I E P , P O ~ ~ , P C ) ~ ~ ~ N O ~ ~ , N O ~ ~ , S I ~ , S I ~  
01738 314 FORMAT(1OX,I3,1H.,I1,26XItH.,5XI1HH,5X,1H.,4X,A1~1H.,42,2X~A2,1H.7A1, 
0 1 7 3 9 t  ?X,A2,1H.,Al) 
01740 GO TO 00 
01741 250 WKITE(6~251)NDEFTH,NDEP,TEMP,PO41~PO42,NO31yNO32,SI1~SI2 
01750 251 F@R~AT(1OX,I3,1H.,II,1X,F5.2,3X,1H.,5X,1H.~5X,1H.,4X,lH.,5X,1li.,5~X, 
0 1 7 5 1 t  l H . , 4 X , A l , l H . , A 2 , 2 ( 2 X , A 2 , 1 H . , A 1 ) )  

01760 GO TO 6 0  
01770 200 IF(OXY.ER.O.OO)GO T O  300 
01780 WRITE(6,5~NDEPTH~NDE~TEMP7SAL~S1GMi?,NSVA,0XY,0XYSAT,A0U,P041,P042~N@~1~ 
01 385+ N 0 3 2 , S l l  , S I ?  
017?0 GOT0 60 
01800 300 WhITE(6,6)NDEF'TH,HDEP,TEIYP,SRL,SIGMA,NSVA,F@dl~F0427NC)31,N032,,SIt,S!2 
01810 6 F O R ~ A T ~ 1 O X , I 3 , 1 H . , I I , 3 ( 1 X , F 5 . 2 ) 7 ~ I 3 J ~ 1 H . , ~ X , 1 H . , 5 X , 1 l ~ . , 4 ~ X ~ 4 l 7 l l ~ . ,  
0 1 8 1 1 t  k2~3X,A-2,lH.,A1~2X,A?,lH.,Al! 

01820 G O  T O  60  
01830 1 FORMAT(79X, I l I  
!'!I840 2 FORNA'I(4X,I?,3I3,3X,3I2,13,A3,I3,I4,aX,A3,A1,1Y,A2,I2,I3,A?rA1,J~!,A .. .. 
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The following programs are  written fo r  the HP 9825A desktop 

coniputer with the following options: 

93214A 9862A Plo t te r  - General 1/0 - 
Extended 1/0 ROM 

98210A String-Advanced Programming ROM 

98324A Systems Programming ROM 

and 

24K core 

The 9825A internal pr inter  i s  16 characters wide. Using a 

RS-232C interface to  a T.I. S i len t  700 ASR terminal provides an 

80 character printout. Some characters are not the same, such as: 

H P T.  I .  

-f 1 

Lower case. 

+ 

L i t t l e  caps. 

A 



m 

The programs a re  s to red  by f i l e  on t h e  i n t e r n a l  casse t te  and a r e  

as fo l l ows :  

F i  1 e Name 

0 Master F i  1 e 

1 Spec ia l  Func t ion  Keys 

2 Taking a Cast 

3 L i s t  D, C, T 

4 Bottom Soak 

5 Downcast Average 

6 Mid-depth Soak 

7 Upcast Average 

8 S a l i n i t y  P l o t  

The programs a re  s to red  on t r a c k  1, f i l e s  0-8. The p r e l i m i n a r y  

data a re  s to red  on t r a c k  1 f rom f i l e  10 on. The f i n a l  da ta  ( f i l t e r e d  

and meter averaged) i s  s tored '  on t r a c k  0, f i l e  0 on. 

- .---- 

SPECIAL FUNCTIONS 
SAL. PRINT - ' J END-.  . J START I NO . I.. YES . - 1  --.---- 

. --.-..--T-s-6 * k-.r-- -. [- .--- 

mld-D - -I- 
-- 

...-.,--, I-.. ???!?!!..-I.. . . k a . - z A - . . .  1-.. -.:!..:..;-.. .=>-.-. 1.. . . --. 

- 380 3-80--xbT --- -'"-1- --- 
I 

I cast  D scales 

Overlay used f o r  Specia l  Func t ion  Keys 



0: F.RT " MA:STER PFOGF.IHM";PF;~T " ++++++++++";~r;~o +z 
1: S F I  1 
.- 
2 :  F.RT "TIIPE F.ROl=RAt.I :: fit.4f1 PRESS 1:ONT I HI-IE TO ~u t .4 "  
.- 
. IF F L I ~ ~ = ~ : C F G  ;ISTO 17 
4: PRT ''ONE OF THESE: " j SPC 1 
5: PpT " [I T H I S  ONE STOPS THE PIASTER PROI=RH~.I" 

en: PRT " 1  T H I S  ONE ALREHD'y' LOHDEII THE SPEC I AL FIJ~.~I=T 1 Ot.4 KE'fS" - 
j. : PET ' ' 2  THKIWG fi CAST"  
C,. PRT *I." 
Lt . .-I LIST D T C ~ T "  
'3: PRT " 4  EoT~n t .1  :zomr::" 
1 111: PRT '"5 ~~OC.~NI=HST F i t . 2 ~ ~ .  " 

1 1 : PRT "e, ID-DEF.TH :5 :0~~ : : "  

1"" PRf " 7  
L =  I-IPCI~ST At ...: ER. " 

1:'" 1 . F.RT ":3  :~~~LINIT..~. PLOT" 

14:' PRT "'3 TEMF'. PLOT" 
15: PRT " 1 C l   ST DATA FILE" 

16: PRT ' ++++++++++" ; SPI: 2 
17: ENT "PROI~RHM ::" r P 
1 :  I F  P=I:IJI=TO 2[1 
19: TRK 1 ;LDF:: 1 ;LDP F' 

z I:I : E 1.4 D 



+ 
111: 11It.1 A[:3.7'3'3] . 

1: TRK 1;LDK 1 
' 8 .  r.  IF F L B ~ = ~ :  ISTO 2 4  
.- .::: ~ P I =  2 :  F.RT "Plot .4~~ Dfiy T 1 t . 1 ~ "  
4 : 7 2 0 . I.,! ; I:I ; I t.4 ':: I.,! ..... 1 :3 ::I 2. tq ; I:: ..... 1 E :3 - I t.4 T ':: i.,! ..... 1 E :3 3 ::I + 1 E 2 ::. D 
5 : (:: b.1 .i 1 E cs - 1 t.1 T 1:: I.#! ..." 1 E c, > + 1 E 4 3 H 
c.: Ft.lT 2. I::.::. F?. 0. 4::.::. F?. 0. 1 : : . : ~ ~ 4 .  [I 
7 .  

1 . 4 ~ ~  1 E n . 2 r P l r D ? H  
0-a . z:,. I F  Z::O: I ~ T O  1c, 
'3: Et4T "DEPTH FREE!. O F  T:TD 11.4 131~";  z 
1 0: E!JT " Iht.411. FREE. OF CTIS I 1.4 HI F?" 7 E . , 1 1 : Et.4T 2.THT I ON  UM UMBER='?"' P 
12:  F.RT " : ~ ~ f i T ~ o t . ~  NUMPER=" . F; PRT "n FREE! 11.4 HIR=" 3 Z9 "+ "  
113: F.RT "C: FREE 11.4 H I R = " ? E ?  "*"  ' 

14 :  PRT " h . 1 ~ ~ t . 1  THE C:TD CHST E~.ID= F.RE~.=: ::PEE I HL FIJ~.II:T I OI.~KE.. F 0. 
15: PRT "FOR MI D-~EF.TH 5 0 ~ ~ : :  I t.41~ 3 PRESS :~:PECIAL FI-INCTIONK:EV ~ 2 .  " 

lc , :  PRT "+"  ; SFI: 1 1 DSP "I.I!HIT FOR H:X:ES. PL.OT. " 

17: 5 1 1 ~  O r  :3:3I:l. 5. 
1:s: ,=,::.::E 0. 5. 2 0 .  5 
1'3: I ISF "  R RE^:= IIOp!T I CJHEt.4 1 T "  5 HLL RD's"' : STP 

2 I : I:I 2. p i  ; 1 0::. K 
2 1 : 1 :I P I  / 

'-0 .=, . 13:5E: "F:ERII" 
.-I .-I . 
c.2. F O R  I=l T O  7 3 5 :  I:I::.R[l? 1]2.R[Z. I];.H[:>. I] ;t.JE::.::T I 
::4: 155s "READ" 
. = n c  . ,- L.-~. =.E: "(I:OtJn' 
'> .- . LO. D::.F':C::.I;!;T::.R 
27: 155s "BEAD" 
.-a 1-1 . .- c,:. ==.p "1:Ot.i" 
2 9 :  m::. :5: c:::. 1.j: T2. ',,!::.O 
:31:1: 1 5 5 ~ :  "REHD" 
:!:1: I;.;E: - .-. "IzOpi" 
.-I .-, . . ~ c .  IF FLG 1 = 1 :  TO " REC" 
.:, .-0 . .-,.:,. I F  FLG:~=~: !=F I=  ~ : F . E ~ . ~ ; T R K  ~ : L I I F  ' c . 9  I:I? 111 

:3 4 : D 1:. I)! ; C 2. ::.:: ; T ::. '.( 
.:t c . 
.-,,-I . I*,! + . 13 5 1:: '.( - F! '11 ..... . 8 1 0 2. In,! 

:I:(,: F::.::II 1 :~I:;F. " r l = " .  '5:. : "T="r18,!.P1.t::: 
'1~7 . .-, I . F ::.:: D '3 : F. L T ::: . I.,! 
.:a .-,,-,. ,> . :5: : .~[1 .PI] : 1 - 1 : : . ~ ~ 2 . ~ 1 ~  : l l , ! ) ~ ~ : : : . ~ ~  
- - : S;.~;I,~;:. : ; : :I-I;: .Q::: . : ; ; .I-I:~::.~;~.~~::.O;.~ 

4 0 :  IF M.:::7'3'3:P1+1::.Pl:1s~o :f:u 
4 1 : TI:=.F. ":::TOP I).I 1 p]CH I::+T~F.PED A T "  . :I:. "Pl::l " 

PEt.J:TPFI 1 : p C F  t:::.P[+] :t:::+l::.b::;~sTD 21 4 "' : 
4 :  " r:Op{- : - 
4 4  : ( 1 ....'n-Z::l +, :f::3 0 7  1 ;. D 
4 5 : 1:: 1 ..,.' 1; - E ::I + , 2 111 5,5 1:. 1: 

4 5, : i: 1, .... T - 2 1 2 7 ;I + 111 1 7 s3 1 - 3: 1:. T 
4 7 :  RET 

4:::: "F:EAIl":  
4'?: C.~RT 7 1 9 .  "E:1 " ; C.IRT 71:;:. "PF7"-'- 'T" I ! 2 i -  ' .C.IHIT :>I:I:REII 71:3.11 



C C .  
.-I .-I . 
C " . .-I b . 
I=?. 
.-I I' . 
I= u-0 . 
.-I '=n . 
5'3 : 
E, O : 
E,i : 

C.JP.T 7151~ "Bs"; 1 . 4 ~ ~  71:3? "PFTGZT"; PIHIT 3 0 ;  7189 I: 
k . 4 ~ ~  719, "B:3"; WRT 7182 "PF715:3T"; 1 . 4 ~ 1 ~  :I:I:I; RETI 7189 T 

RET 

" REI:: " : 
PEN; TRK 1 ; RCF k:: 9.A 
I F  ~ ~ l Y s = l  OR D.:::fS: IYTIJ 57 

,, . 
DSP ''t'iOI.4 110 THE CALIERHTIOt.4 50HK. 9 GTO < ~ l ~ l  . 

F::.::D [I;  pa^ '*THE F I R S T  At.4D LHST F I L E S  'OF TH ISCHST ARE 1 111 H t.4 XI " 9 K 
F'RT ' ++*+++++++" 3 sF.1~ 2 
I F  FLG?= 1 OR D.<:5; C F I ~  ; PRT "UPCAST HI...~ER. 15 ::?" ; TRI-:: 1 ; LDP [I? 0 2 1 ' 

TRK i ; L K r F  4 i 0 9 0  
E N .Kt 



. . 
I:[: r11t.1 A [ : 3 ~ 7 9 9 ]  
1 : rtSP " MH~::E SCIRE DHTH THFE.  15 11.4 ~ L H C E !  " ; 1.463 I T  1 1:11:10 
.- C: ~ t . 4 ~  " : ~ T H T  ION ' ~.~I-I~.IBER='?" 9 F 
. .a. .. F::.::rt 0 : PRT.  " :5THT 10t.i NI-IHBER=" r P 
4: Et.4T " I!.IH ICH THPE TRHCK'?" ? I:! 

5: FRT " D C: T "  
,. .-. c, : Et.JT :'.TART 1 t.413 ~ ~ A T H  F 1 LE='?" ? :: -. 

i . EEIT " L A ~ T  BHTA FILE='?" r l'l 
:2: FOR L=:S T o  r.1 
'3: TRK I;!:LDF L , A [ + ]  
1 [I: FOR '.-1=1 TO 79'3 
11: IF A [ ~ ? . - l ] = l : l j ~ ~ ~  1;:: 
1 :  IF A [I ? .JI :::.q83: ,TO 15 
113: Ft.iT 1 ? ~ 4 .  1 r F<*. 27 F<.. 2 
14: LJRT I<,. l r A [ l ?  .J] r A [ z ? . - I ]  r A C 3 r . J I  ; GTO 17 
15: Ft.lT 137 ~ 4 .  [I? F<,. Z 7  FE.. 2 

C.(RT 1cn.:3rA[1?.J]  ?P [2 r . - I ]  ?A[ :3?. - l ]  
1 7 : 1.4 E :.:: T .-I 

1:::: F.RT " " 

1 ' :  4 : .  L . .  

zI:I: rlzp " D r C ? T  LI:~TE&? C.JHAT NE::.::T.?" 

. 21 : ~ F I  2: TRK 1 : LrtF. [I 05 1 
.=t .=, . 
LL. Et.4D 



0: F R T  "+*++:znA/:::IHI3++++" 
1: FRT ".F'~o~.ITH DAY TIME" 
-1 . ;L . R E D 7 2 [I . I.'! j I 1.4 T e: I.,! ..... 1 E q ) 2. f:: j I:: l.,l ....' 1 E :3 - I y T <I.,! .i 1 E :3 ::I ::I + 1 E 2 :I Y 
3 : 1:: I.'! ...; 1 E 6,- 1 1.4 T 1:: 11.1 ....' 1 E E, ::I ::I + 1 E 4 :t Q 
4:  Ft.fT 2. 1::.:.~2. [I.~;.::~FZ. [IZ 1? : : .~4 .  0 
C .  .-I . R T 1 6, . 2 7 ::.:: 3 '$ . Q 

T E,: PRT " D .:. 8 ,  

.-. 

7 : 111 1:. F' 

:::: GSE: "READ" 
9: GSE: "F:EAD" 
1 0: I::FB " Cnr i "  
11 :  D::.F:C;.IjjT:.H 
12:  1-+12.1 
13: "READ-  
14:  IF FLI~;>= 1 j I:TO 5 9  
15: I:SE: N ~ : ~ ~ H  

- - 
1 i, : 1-1 2 .-I 

17: IF ~ : 3 - Q = 4 j  1 3 5 ~  "I.IIA~;N" 
1:3: IF P : : : . : ~ : ~ ~ . F ' ~ S F I =  :IFTO Q 

1'3: IF D:::.F+5 D.:::F-5j p+l:.Pj !:To 12 
2111: I F  Iz::::.I;+. 0 5  Op. C.:cl:-. [ ~ ~ ~ F ' + ~ ~ . F ' ~ I ~ T O  12 
1 : IF T:::.H+. 1115 o p  T.::H-. 1115: P+1 2.F': 15To 12 
.=, .=, . 

1 3 : ~ ~ :  ":5:AL1' 
.=, .-, . F::.::D 1 ; 115F. " D=" . D. " T="  . T. ":5=" . :I:. I . i::: 
24 :  I F  I:::.=sj I:~>.I~I:TO 26, 
.=a e . I.-I. CTO 1 2  
ZC,: FpfT :3.~:3.  1 : 1 . ~ < , . 2 ~ ~ 7 . : 3  
'=E- . 
L I . R T 1 E, . :I:. . D . T . ::: 
3'C' . 
L L ~ =  13TU 1 1  
3 : " I,I.IARN " : 
.-, - 
.:, tj: F.RT " +"  j PRT '*THE C:TD HAS 5OAk::EIt FOR 4 1.1 1 1.41-ITEZ++TRIF. E:OTTLE++" 3 F.RT " 4 "  

: f : l  : FRT "PRESS :L.FEI=IFIL FI-I~.JCT ION b::~.i.. F 1 AFTER THE TP IF.. +"  
.-,.=, . 
..:a L = RE T 
:, .:, . " :y.fiL " . .-0 .-' . - 
3 4 :  IYTO +::: 
.? .-, c .-I . . 1 1:. . J : , 0 1 I:: 1 . 5 5 1 - , [I 4 5 ::: T + 5 . 9 E - 4 T .". 2 + . 2 5 ( :3 5 - :s ::I I! . 0 4 :3 - . 0 111 1 7 T + 2 . 11: E - 5 T ('. 2 ::I ::I 1:. E: 
, - l+E;+I::lm 1:1:37E-:3D-:~:.2E-:=:D..~.~.Z~"~ . L.. :. t R  4 
.- _ . 
_I .. . 1:'E,7<,547+2 0 113 1 . 5T+'3*3. G83T.".2-, ln34:=:T.".:3-. 0 06,72T".4::1 1 E - ~ , > U  
.I, ,=, . . I F  .-I=~;I:TO +z 
: '3 : I-: - ...,'42. : 3 ' ~ ~ , l _ l : : . ~ l j  CTO +Z 
4 111 : 1:: ....' ( R 4 + U+ 4 2 . :3 9 <, ':I 1;. R 1 
41 :  ~1 I : : R ~ - ~ : : I  1::?-15::1 I ~ : ' ~ ~ . ~ - ' ~ ~ _ ' R ~ + : ~ ~ ~ : ~ R ~ ~ " ' ~ ~ - I : : . ~ ~ ~ + . ~ ~ ~ ~ ' " " ' = " '  I-..' I.. "T -~ !~ ' : I : : I  - .  1 ~ - 5 : : . ~ 2  

4 2  : R 1 +R~;.R::: 
4 1:; : - ,-I 0% .I# + .=, 2:o - . ..L - 8-A L , , 15 - ,i + 5 . :f: 6, R:3 .',. 4 - 1 . :I: 2 1:: n :3 .". ' ' '7' ,-,, . :3 p, :? + 1 2; (1 '=a R 11; "'" .=' - 1 111 . - -, "'" '- 

-I -,' .;. 
.:a tr 44 :  I F  .-1=<1: I:TO .-o...~ 

45 :  RET 

413: "rI:nt.i": 
4 7 :  1E1 ....'D-z::1+.:391:1712.D 

4 :3 : 1 ,..: I-' - E + . (1 ''8 "1 .- ' '. - . -. . - L C t' .-I -8 I-: 

4 9 :  ,... .T-Z127'.,+-[11---1-;?;:.T I '9 .. 



I 1.4 T 1:: R 0 ..." 1 E ::I 1:. R 1 ; 1:: ~1 0 r.' 1 E :3 - I 1.4 T C: p, 0 ....' 1 E 8 ::I ::I + 1 E 2 :. R 2 
1:: R 111 ....' 1 E I$, -- 1 1.4 T 1:: P. 111 ..' 1 E 6, ;I ::I 4 1 E 4 1:. R :3 
PET 

" R E I ~ D "  : 
C.~RT T l q ?  "E;1 "; C.~RT 718. 'IFF7-'- i b d T " j ~ f i 1 ~  : 3 5 j R E ~  71:SrD 
1 . 4 ~ ~  "Ez" T 1 . 4 ~ ~  71:3? "PF7l-'-T'" I 32 ?C.IHIT 13.5: RED 71:3?C: 

1.4RT 71'3. " B : ~ " ~ c ~ R T  7 1 % ~  " P F ~ G : I : T " ; C . ~ H I T  : 3 f " 5 : ~ E ~  7 1 G r T  
RED 721117 RI:I 

PET 

PRT " +++++*++*+'' : SPC 1 j F::.::D 111 
PPT "THE FIRST ANKI LHST FILES OF THISCHST HRE 

TRK 1: L ~ I P  5. [I? 111 
E I.4 1 1  



[I: 111t.j A [:3.739] 
1: KlIt.+ B [:3.:30] 
2 :  ~ F . I =  1 : PRT " +DOI.I.INC:~~:ST A1:CER. +"  
.-3 . 
.j. Et.4T " LAST ' F I L E  O F  P R E L I  El .  D A T A  : ~ E T ' ? "  7 K 
4: PRT "'.i'OlJ T..I.'PED".b:: 
C .  E F ~ T  " ~.{E::.::T F 1 LE FOR DATA ~TCIRAI=E?"  11: IJ5 'I,! 
<,: PRT "'.l.~Ol-I T'r'PED" ? U  
7: 1.5:.E 
1-1 . 
:=a . 1 1:. .-I 
'3: PRT " n C: T "  
10 :  F O R  L = l [ l  T O  b;' 

11 :  TRK ~:LIIF L r A C + I  
12 :  O2.F 
1:::: pl=:3 T O  7913 

1 4 : F'+ 1 1:. I;! 
1 5 : 1 F F = ::: : l:l::. F' . . 
1 , :  IF A[l?pl]:::.A[1.,b1-1;!]+5 OF?. A [ l ~ f ' l ] ~ ; : A [ 1 ~ P l - Q 1 - 5 5 P + 1 : : ~ F ' ~ ' ~ = ~ o  2 4  
17:  IF A[L>.pl]::.A[z?M-l;i]+.E: OR H[&p1] . : : :A[~.M-~;!]- . :~::P+~::.P;I~To 2 4  
18 :  IF A[:3rtt1]:::.H[:37H-G!]+,s up, A[:37t*1] .<:fi[:I:.M-l;!]-.5:F'+12.F'?1sTo 2 4  
19 :  IF F t C l ~ f ' l l . < E - l : c ~ ~  2 4  
- - 

1 :  IF A [I M]:::.=E: 1 5 3 ~  ":STOF.:" 
1 :  I F  L=k: Ht.,D P[1.1'1]=I:I ,=,t.JD H[:37p1]=[I:l=zE: ":I:TOF.:" 

2 2 :  F+A [I. ::.F3 I;+A [ z ,  M] 2.1;: H+9 [:I:? P i ]  ::.H 
.-3 .:. . i.-.. 1+12.1: l:l;.F' 
2 4 : t.4 E ::.: T Pi  
2 5 : 3 F. 1: 1 : 1.4 E ::.:: T I- 
.-# .- 
LC,: REC.I;TR+:: ~:~:REF 1J.E: [+I 
2 7 :  F::.;II 0 F.RT " THE FIRST AFJD L A S T  F 1 LES O F  313 !..'ED I l A T A  ARE" ? " A t . 4 ~ "  r 1-1 
.-, 1-0 . c,=,. D ~ F .  " r . ]u~.~ 11u THE UPI=AST":C.IHIT 11:11:1l~~ 
2.3 : 5F.l: 2 : F.RT " FOR SOHF:: 1 1.41 C.4H 1 LE A E : O T T L E  TR I PSPRE:5S I:. F . b:: . FZ. " 

.- - .:: 1.I : TRK 1 : LIIF. 2 .  07 0 
:!;I: ":z:ToF": 
.-I .-I . .:or. I F  F=I:~;I~TO 4 5  
.:a .:, . .-,.-, . F ...; 1 1:. F : I; ..' 1 1:. G : H ...' 1 1:. H 
:::4: I F  F"::gt3.5:13'Tn +4 
.:, .-,.-I. e . FMT 5 .  ~ : 3 .  ij. ~ 7 .  2 .  ~<, . ,2  
:3c,: C.JRT lg, .  53F.I;. H 
' 1 1 7  . .-, I . $5 T q +:3 
.:, 8-, . - - 
. - & 8 = , .  F1.t-r 1 . F 4 .  1 . ~ < , ~ 2 . F k ~ . Z  
:39: l c , .  1. F. G. H 
41:1: F::.E: [I. ..I] : I;::.E: [z .  .A1 : H::.E: [:I-:? .-I] 
4 1 : IF .-I=::: [I: " FEII:" 
4 2 : -1 + 1 1:. ..I 
4 11; - : 1 1.4 T 1:: F + . 5 ::a + 1 . .5 ;. E 
4 4 :  I S T n  46, 
45 :  E+l::.E 
4 5 : I:I 1:. F ::. 13 2. H ::. I 
47 :  W E T  

4:::: "FEC:'': 
4 3 :  TR+: 111: RI:F 1-1, [+I 
I=-. 
.-I 1.1 . F n F! Pi=  1 T R :f: 111 : 111 1:. P C 1 ? t.4 1 ::. 1: [ E: :! PI ]  ::. P C :3 tJ 1 : t.4 E ::.:: T P! 
5 1 : [I ::. -i : 1-1 + 1 1:. 1-1 

5 2 :  RET 

c .:, . --, .-, . E 1.4 D 



[I: ~ F . I =  1 : F.RT "++++:SOHb::Ip/ij+++*" 
.-. 

1 : PRT "I,~.IHEN THE IJF.CA:=T I 5 TO BE - R E ~ U M E D F . R E ~ S  >.FEE I HL FI-INCTION KEY ~1 . + '  
- 

" D T , , 
2 :  F'RT ... . 

:3 : 111 1:. F' ' 

4:  1 3 s ~  "F:EfiD" 
C 
.-I: 1 5 5 ~  "READ" 
6,: 15sp " izo l "  
7: D2.F: C::.i_;;T::.H 
:3: 1+1:.1 
'3: 13sE: "F.IEHDw 
1[l: IF F L I ~ ~ = ~ : I ~ T O  4 7  
11 :  G::B "COH" 
1 : : 0 :. .-I 

1:::: I F  F':::.:!:; O::.p:spc :13To 5 
14:  IF D:::.F+5 OR D . : : : F - ~ ~ P . + ~ ~ . P ~ I ~ T O  :3 
15:  IF I::::.I_;+. 1:15 OR 'C.:::I~-. [I~;P+~::.F':I=TO ::: 
1 , ;  IF T:::.H+. [I5 T.:::H-. I:I~:P+~.::.F':I~To :3 

,, .:. - 17: 13sE: .r.HLW 
18 :  F::.::D 1 : D ~ P  "D="? D? " T = " ?  T r  ":5=" r :Sr I? b:: 
19 :  IF 1:::.=5: I:I;.I:GTO +z 
- * 

21): C T n  :3 
2 1 :  Ft.jT :l:rF:3. I:I?F$,. z:'rF7.:1: 
.-8 .-I . r,=. W R T  If,. 13. rl? T ?  :I: 
.=. .-, . 
,-.). 1 3 ~ 0  7 
4 :  ":SHL". 
.=z C . ,-.-I . 13 T + :-: 
.-, ,=to: .- 1].-I; . 0 1  1::1.551-. 045:3~+S.3~-4T."'.z+.Z51:::35-:-:> I::. 84:::-. I : I I : I ~ ~ T + ~ . : ~ : E - ~ T " " = '  ': -:. L:.:$ .I - E: 
.- di.. - . l+E+('. O:"-E-:3D-:>.z~-C'D."'.'Z"'~-~.p4 I " L...' . 
2 :  I::E,7c,547+z[ll::;l.5T+z;': ;Z9T+.'=n- 1~34:2';'r."'.'=t- lE-62.11 - 4 5 . L .  1 .-' . .. . -1 I L- - - 
.=, . ,.-. . I F  .-I=1 :I:TO +z 
- - 
::: 1-1 : I:: ...' 4 z: . ::: 9 E, 1-1 2. 1 : 13 T q + 2 
:::I: lz...~'1~q4+i-l+4z. :3 '3cu : :~? .~ l  
'-2 .=" FI 1 FI 1 - 1 <: T - 1 E:' " '- ; . 7 - - '=' 1 + :3 7 '1' 1 .".. .Z# - 1" g '1; + '2 1 1 .'"." " 
.-'I = I?  1. +t-, I I- FI . .-. L .. . 1 . L L ,J 1:: T - 1 5 ::I ::I 1 E - 5 1:. p 2 
.-, .-., . 
.:,.j. Rl+FIz::.p::: 

,-, .q .> + 2 ;;; . :3 FI :3 + 1 2 . ;3 0 " :3 ..'.. ." - 1 0 , 6,7 g ::; ...'. 13 + 5 . $3 pz 1'; ."'. 4 - 1 .I' .I' '" p :r; ..". 5 1:. :% :34: -. - - , -  1-1 L. - -  . --'L .-' . - 
.-, C . .:,.-I . 1 F .-I = [i 3 13 Tn 2 c, 
::&: R E T  
.- 7 . . . "cnpi" : 

- - 
:=: :': : 1; 1 ..... 11 - 2 ::I + . .-: ::: 111 7 1 2. 11 
13 5 : <: 1 ....' iz - E ::I + . 2 111 G, ,5 11 C: 
415: (1 ,... .T-2127::1+. 1;117#31-2;.T 

4 1 :  PET 

&- "F:EfiIl": 4'" : 
4 3 :  1 . 4 ~ ~  71.3. " B 1 " :  1 . 4 ~ ~  7 1 8 .  "F'F7152T"; H ~ I T  130: ~ € 1 1  71:3? D 
4 4  : H ~ T  7 1'3. " E:2" : CJRT 7 1%. " F'F71;zT" : L . J ~  I T :I: 111 RETI  7 1 :f: r 11: . P ~ R T  7 1 :3? " PFTT,:I-:Tu ; C.4- 1 T :3 111 : RE11 7 1 :::? T 45 :  1 . 4 ~ ~  71'3. "E::3"' 
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The f o l l o w i n g  i s  a  sample l i s t i n g  o f  an HP-CTD cas t .  The var ious  

sec t ions  o f  t h e  p r i n t o u t  a re  as fo l l ows :  

1. The Master Program (TRKI, FILE 0) prov ides  access t o  t h e  o t h e r  

programs. It a l s o  loads t h e  spec ia l  f u n c t i o n  keys. 

2. Program 2 reads t h e  c l o c k  and p r i n t s  t h e  month,day,and hour. 

I t  then asks f o r  t he  s t a t i o n  number f o l l owed  by depth and c o n d u c t i v i t y  

zero f requencies.  

*During t h e  cas t ,  bo th  depth and temperature a re  d i sp layed  on the  

LED d i sp lay .  Specia l  f u n c t i o n  key f O  ends t h e  c a s t  and pu ts  t h e  9825A i n t o  

a  soak r o u t i n e .  The 9825A t imes t h e  soak and a f t e r  4 minutes p r i n t s  

t he  t ime and cont inues. Dur ing t h e  soak, 5 consecut ive temperature 

values a r e  averaged and p r i n t e d  un less  one o f  t h e  va lues v a r i e s  by more 

than 0.05OC f rom others,  i n  which" case a  space i s  p r i n t e d .  T h i s  v i s u a l l y  

d i sp lays  the  q u a l i t y  o f  t h e  soak f o r  c a l i b r a t i o n  purposes. 

*A f te r  t he  soak, program 4 p r i n t s  t he  f i r s t  and l a s t  p r e l i m i n a r y  

data f i l e s ,  i n  t h i s  case f i l e s  10 and 13. 

3. Program 4 loads and runs program 5 which p r i n t s  t h e  downcast 

one meter averaged data and asks where t o  s t o r e  t h a t  data ( f i l e s  8 and 

9  i n  t h i s  case). 

4. The upcast i s  s i m i l a r  t o  t h e  downcast w i t h  f i n a l  da ta  s to red  

or1 f i l e s  10 and 11. 

5. Program 8  s imul taneously  p r i n t s  and p l o t s  s a l i n i t y  va lues f o r  

t he  up and down c a s t  i f  requested. 



Type program f 
and press 
CONTINUE t o  r u n  
one o f  these: 

0 t h i s  one 
s tops  t h e  

Master  Program 
1 t h i s  one 

a 1 ready  1 oaded 
t h e  s p e c i a l  
f u n c t i o n  keys 

2 Tak ing a Cast  
3 L i s t  D,C,T 
4 Bottom Soak 
5 Downcast Aver.  
6 : l id-Depth Soak 
7 Upcast Aver.  
8 S a l i n i t y  P l o t  
10 1 s t  d a t a  f i l e  

********** 

Month Day Time 
4 2 3 1 0 4 6  

S t a t i o n  number= 
118 

D f r e q  i n  a i r =  
9712 

* 
C f r e a  i n  a i r =  

.- 5005 
* 
When t h e  CTD 
c a s t  ends p ress  
Spec ia l  F u n c t i o n  
Key f O .  
* 
For  Mid-Depth 
soak ing,  p r e s s  
Spec ia l  F u n c t i o n  
Key f2.  
* 

****SOAKING**** 
Month Day T i n e  

4 2 3 1 1 0 7  
D T S 

145 13.40 35.600 
145 13.42 35.601 
145 13.46 35.610 
144 13.50 35.602 

The f i r s t  atid l a  
s t  f i l e s  o f  t h i s  
c a s t  a r e  10 

and 13 

*DOWNCAST AVER.* 
you typed 13 
you typed 8 

D C T  
2.7 55.38 25.81 
3.8 55.37 25.82 
5.0 55.36 25.82 

The f i r s t  and 
l a s t  f i l e s  o f  
saved data  a r e  8 
and 9 

For  soak ing wh'il 
e a b o t t l e  t r i p s  
p ress  S.F.K. f 2 .  

Month Day Time 
4 23 1111 

S t a t i o n  number= 
118 

D f r e q  i n  a i r =  
9712 

* 
C f r e q  i n  a i r =  

5005 
* 
When t h e  CTD 
c a s t  ends p ress  
Spec ia l  F u n c t i o n  
Key f O .  
* 
For !/l id-Depth 
soak ing ,press 
Spec ia l  F u n c t i o n  
Key f 2 .  
* 

****SOAKING**** 
When t h e  upcas t  
i s  t o  be resumed 
p ress  Spec ia l  
F u n c t i o n  Key f l .  
* 

3 25.00 36.092 
4 25.80 36.097 
4 25.80 36.086 

The f i r s t  and l a  
s t  f i l e s  o f  t h i s  
c a s t  a r e  10  

and 12 
********** 

Upcast Aver. i s  
#7 
Type program # 
and p ress  
CONTINUE t o  r u n  

**UPCAST AVER.** 
you t yped  12 
you t yped  10  

D C T  
157 40.85 12.34 
156 40.86 12.36 
155 40.98 12.48 

The f i r s t  and 
l a s t  f i l e s  o f  
saved da ta  a r e  

10  
and 11 

********** 

Sal .  P l o t  i s  

#8 
Type program :! 
and p ress  
CONTINUE t o  r u n  

********** 

***F i le***  8 

D T S  
2.7 25.81 36.09 
3.8 25.82 36.07 
5.0 25.82 36.07 

***F i 1 e*** 9 

D T S  
82.9 19.30.36.21 

prep.  f o r  
NEXT STATION 

Type program # 
and p ress  
CONTINUE t o  r u n  







Page 76 

DATA CASSETTE LOG 

S t a t i o n  r 
Date 

Time Data Acquir ing 
Program 

*Data F i l e s *  I Remarks 



m CRUISE SECTION LOG 

Cruise Date Section 

Distance 

~ t a t i b n  

- 

Offshore t o  

Depth 

KM 

Remarks 

1s t  Stat ion 

La t i tude  

= 

Longitude 

x 1.853 

Time 

Nautical  Mi les  

Data F i l e s  

= 

Date 



Country = 31 
Ship = C I  
C = CTD 
X = XBT 

CRUISE: 

XBT - CTD BRIDGE LOG 

WMO 4501 
Weather 

X 

X 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Bar. 
Pres. 

A i r  
Temp. Sta t ion#  

I 
I 

I 

I 

I 
a 

I I I I 

Long. Day 

I I I I I I I 

Loran C 

I 

; Time Lat .  
Waves 

~ e p t h '  D i r .  
Wind 

Ht.  D i r .  Spd. 
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PINGER LOG 

8 

Cruise 
Dates 

Total Time 
Submerged 

Total Time Submerged 
To Date 

- - 



80 
P a g e  of 

S A L I N I T Y  LOG SHEET 

' C r u i s e  O p e r a t o r s  Name A n a l y s i s  D a t e  

40 

STA/DEPTH 

S t a n d a r d  
I 
1 
1 
1 
1 
/ 
1 
1 
/ 
/ 
/ 
1 ,  
I 

STANDARD S e a  w a t e r  S t o c k  # a n d  Y e a r  

4 

SAMPLE 
BOTTLE 

---- 

SAMPLE TEMP. 
D I A L '  READING 

A 

I I 
1 
1 
1 
/ 
I 
1 
1 
1 
1 
/ 
1 
1 
1 
1 
1 
1 
1 
I 
/ 
1 
1 
/ 
1 
/ 
1 
I 

COND. R A T I O  
BRIDGE READING 

I 

1 

G R I F T  
READING 

. CORRECTED 
S A L I N I T Y  
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CTD - S A L I N I T Y  AND TEMPERATURE 
C A L I  BRAT I O N  DATA 

CRUISE DATA SOURCE:. 

DATES ' Mag Tape 
H P 
X Y Y  

'CTD - S A L I N I T Y  EQUATION USED:  
MEAN O/oo DIFFERENCE STANDARD DEV. 
MEAN oC DIFFERENCE STANDARD DEV. 

0100 E q u a t i o n  f o r  d e p t h  e f f e c t  



.. CTD-SALINITY ERROR ANALYSIS 

DIGITIZING (RESOLUTION) 

Conduct iv i ty  ( 2  . O 1  mmho/cm) 

Temperature (+ .0050C) 

Depth ( 2  . l o  m) 

T o t a l  

(Values used f o r  e r r o r  a n a l y s i s )  

SHALLOW DEEP 

Maximum O/oo E r r o r  

Cond. 

Temp. 

Depth 

Shal low 

Cond . 

Temp. 

Depth 

Deep 

- 



N O A A  F O R M  81-3 
(12-751 
F O R M  A P P F : O V E G  

O.M.9. NO. 4 1  , R Z I 3 S  

PHYSICAL AND CH EMlCAL DATA FORM 

FOR OCEANOGRAPHIC STATIONS (NODC 3-64) 

N A T I O N A L  0 

COL 

SPECIAL 0 0 s  

SWCIF 

CO 
W 

-. -- 



MAGNETIC TAPE LOG 
-. 

n- 

Tape No. 

t 

v 

Date Used 

* 

I 

Where Used 

I 

4 

I 

Keyword 
VSN 

Date Mai led 

1 

s 

I 

Conen t s  

I 

Date Returned 

I 

Cleaned/Inspect 
Yes/No 

4 

03 
P 

b 
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ABSTRACT 

During two cruises i n  the Georgia B igh t  i n  A p r i l  1977, n ine 

hydrographic and three XBT t ransects  were conducted. Temperature, 

sal i n i  ty, dissolved oxygen, and n u t r i e n t  (NOg, PO4, and S i O p )  data were 

co l lec ted.  

Generally , the  cont inenta l  she l f  water .  was we1 1  mixed v e r t i c a l l y  
' 

and character ized by low n u t r i e n t  concentrat ions and oxygen satura t ion.  

However, bottom and i n t e r l a y e r i n g  i n t r us i ons  o f  Gulf Stream water onto the 

shelf  were observed. S a t e l l i t e  thermal images revealed a  Gul f  Stream 

spin-off eddy which was subsequently mapped and i n t ens i ve l y  sampled. 

Strong upwell i n g  o f  dense, cold, nu t r i en t - r i ch ,  and oxygen depleted 

water was associated w i t h  the eddy event. I t  i s  l i k e l y  t h a t  the regu lar  

occurrence o f  sp in -o f f  eddies prov idesa mechanism f o r  s i g n i f i c a n t  

n u t r i e n t  enrichment o f  the cont inenta l  she1 f. 



INTRODUCTION 

Th is  r e p o r t  conta ins chemical and phys ica l  data obta ined dur ing  

Georgia B i g h t  c ru i ses  AD-4-77 and BF-29-77 aboard t h e  S/S ADVANCE I 1  and 

the  R/V BLUE FIN  from 8 t o  20 A p r i l  1977. The i n v e s t i g a t i o n  was 

p a r t  of a  l a r g e r  mu1 t i - i n s t i t u t i o n a l  DOE program t o  descr ibe and 

exp la in  t h e  physical ,  chemical, and b i o l o g i c a l  processes o f  t h e  South 

A t l a n t i c  Bight ,  t he  cont inenta l .  s h e l f  reg ion  from Cape Hat teras t o  Cape 

Canaveral. The study repor ted  here was concentrated i n  t h e  Georgia B igh t  

from Savannah, Georgia, south t o  Orrnond Beach, F l o r i d a  (F ig .  1). 

Our o b j e c t  was t o  c o l l e c t  temperature and chemical data t o  c o r r e l a t e  

w i t h  o the r  data from box ar rays  o f  *current/temperature/pressure recordi,ng 

instruments (deployed by t h e  U n i v e r s i t y  o f  Miami ) concur rent ly  opera t ive  

i n  t h e  study area (Fig. 1 ) .  A d d i t i o n a l l y ,  our  temperature and c o n d u c t i v i t y  

data a re  used t o  c a l i b r a t e  the  moored instruments. No at tempt i s  made 

here t o  c o r r e l a t e  the  hydrographic/chemical observat ions w i t h  t h e  c u r r e n t  

meter data. The l a t t e r  w i l l  appear i n  a  separate r e p o r t  e d i t e d  by 

D r .  T. Lee o f  t he  U n i v e r s i t y  o f  Miami. 

The processed hydrographic data s e t  i s  a v a i l a b l e  from t h e  Nat ional  

Oceanographic Data Center (NODC) . 
METHODS 

Nine onshore-offshore.hydrographic t ransects  and two XBT t ransects  

were conducted dur ing  the  ADVANCE I 1  c r u i s e  (Fig.  2). The f i r s t  f o u r  

t ransects  were selected t o  prov ide  chemical and phys ica l  data du r ing  

recovery, serv ic ing,and deployment o f  t h e  current/temperature/pressure 

inst ruments o f  t he  box a r ray  o f f  Savannah and St.  ~ i m o n s ,  Georgia. 

Later ,  we proceeded south t o  l o c a t e  what appeared, i n  s a t e l l i t e  

thermal images, t o  be a  Gulf Stream s p i n - o f f  eddy (Lee, 1975). 



R T L R N T  I C 

D C E R N  

Figure 1. The Georgia Bight. ~urrent/~emperature/~ressure moorings 
are designated A through G. 



Figure 2. The study area showing station locations for cruises 
AD-4-77 (numbered stations) and BF-29-77 (lettered 

stations). 



Four hydrographic sect ions and one XBT t ransect  were made adjacent t o  

and through t h i s  event. The f i n a l  two sect ions were made o f f  S t .  Simons 

and Savannah t o  provide add i t i ona l  data i n  the area o f  the array.  

Throughout the ADVANCE I I cruise,  surface temperaturelsal i n i  t y  d i  s t r i  bu t ion 

was mapped by means o f  a thermosalinograph. The BLUE F I N  c ru i se  on 

19-20 Apr i  1 consisted o f  one onshore/off shore XBT sect ion o f f  Savannah 

(F ig .  2 ) .  

A t yp i ca l  hydrographic sect ion consisted o f  a1 te rna te  CTD (conductiv- 

i t y /  temperature/depth) Rosette casts and XBT (expenda b l  e bathythermograph) 

f i r i n g s  a t  approximately 10 k i lometer  i n t e r va l s .  On occasion, s p e c i f i c a l l y  

dur ing i nves t i ga t i on  o f  the eddy event, sampl i ng  i n t e n s i t y  was increased. 

Two sections, Jacksonv i l le  (North), 15 A p r i l  1977, and S t .  Simons, 

16 A p r i l  1977, consisted exc lus ive ly  o f  XBT s ta t ions  a t  approximately 

10, k i lometer i n t e r va l s .  The average t ime requ i red t o  complete a hydro- 

graphic sect ion, excluding the f i r s t  Savannah sect ion which took 

15 hours, was approximately 6 hours. The average t ime o f  an XBT sect ion 

was 2 hours. 

A t  CTD stat ions,  a General Oceanics Model 1015 Mark 5 Rosette 

m u l t i - b o t t l e  ar ray  was mated t o  the Plessey 9400 CTD sensor u n i t  and 

equipped w i t h  1.7 l i t e r  N isk in  b o t t l e s  f o r  water sampling. N isk in  

sampling depths were determined from the temperature s t ruc tu re  obtained 

from the CTD. Samples were taken near the surface, j u s t  above o r  

below the thermocline, a t  the bottom, and occas iona l ly  a t  other depths. 

Samples were analyzed f o r  s a l i n i t y ,  n i t r a t e ,  phosphate, s i l i c a t e ,  and 

dissolved oxygen contents. 

Chemical and Physical Procedures 

S a l i n i t y  samples were analyzed conductometrical l y  using a Plessey 

Model 6230N por tab le  laboratory  sa l  i nometer. Values obtained were used 



t o  c a l i b r a t e  the Plessey Model 9400 CTD system. A separate sect ion of 

t h i s  r epo r t  d e t a i l s  the CTD c a l i b r a t i o n  procedure. Temperature was 

determined w i t h  deep sea reversing thermometers, XBT's, and the CTD system. 

Dissolved oxygen analyses were performed onboard the research 

vessel w i t h i n  24 hours o f  co l  l e c t i o n  using a modi f ied Wink1 e r  procedure, 

(S t r i ck land  and Parsons, 1965). 

Nu t r ien t  samples were immediately frozen i n  polyethylene b o t t l e s  

and stored i n  the dark u n t i l  thawed and analyzed ashore. Color imet r ic  

determinations o f  n u t r i e n t  concentrat ions were made u t i l i z i n g  a 

Bausch and Lomb Spectronic 88 spectrophotometer w i t h  a sample sipper. 

S i l  i c a t e  was determined by the method o f  Mul l  i n  and R i l ey  (1955) as 

modi f ied by S t r i ck land  and Parsons (1965), phosphate by the method 

o f  Murphy and R i ley  (1962), and n i t r a t e  by the cadmium column reduct ion 

technique as modi f ied by Gardner -- e t  a1 . (1976) 

XBT Data Acquis i t ion and Processing 

A Sippican Model LM3A handheld launcher equipped w i t h  type TI0  

probes (200 m), coupled t o  a Sippican Model MKPA-1 recorder, was used 

f o r  XBT casts. The temperature/depth p l o t s  were d i g i t i z e d  on a 

Hewlett-Packard Model 9864A d i g i t i z e r  in ter faced t o  a Hewlett-Packard 

Model 9825A ca lcu la to r .  The d i g i t i z e d  data was placed i n  NObC format 

and merged on magnetic tape w i t h  processed CTD data. Depths a t  which 

temperature was a whole o r  h a l f  degree are reported as are depths 

a t  which a s i g n i f i c a n t  mixed layer  began o r  ended. . 

CTD Data Aequis i t ion 

The CTD u n i t  consisted o f  a Plessey Model 9400 CTD sensor system 

w i t h  a Model 8400 d i g i t a l  data logger and Kennedy Model 1600 incremental 



magnetic tape recorder  f o r  data a c q u i s i t i o n  and storage. A redundant 

X Y Y '  p l o t  was made o f  a l l  cas ts  us ing  a Hewlett-Packard Model 7046 X-Y 

recorder  which was c a l i b r a t e d  w i t h  a p r e c i s i o n  l O V D C  source. 

With the  except ion o f  two s t a t i o n s  (53s and 54S), d i g i t i z e d  data 

was c o l l e c t e d  as the  CTD sensor u n i t  was lowered a t  15m/min on s i n g l e  

conductor cable. A l l  th ree parameters (C, T, and D )  were sampled 

once each 229 m i l l i seconds  o r  every 6 cm a t  :the 15m/min lower ing  r a t e .  

For pr imary c a l i b r a t i o n  o f  temperature and s a l i n i t y ,  a N i s k i n  b o t t l e  

equipped w i t h  pa i red  pro tec ted deep sea reve rs ing  thermometers was 

t r i p p e d  a f t e r  a f o u r  minute e q u i l i b r a t i o n  pe r iod  a t  t h e  maximum sample 

depth. Other water samples were c o l l e c t e d  du r ing  ascent a t  depths 

selected a f t e r  examination o f  t he  downcast temperature s t r u c t u r e .  

The average t ime f o r  s t a t i o n s  l e s s  than 100 meters i n  depth was 16 

minutes; f o r  those g rea te r  than 100 meters, average t ime was 44 minutes, 

w i t h  a maximum o f  60 minutes a t  s t a t i o n  65. 

.The a c q u i s i t i o n  o f  CTD data du r ing  the  downcast and water samples 

dur ing  the  upcast c reates  some problems: 

1 )  CTD data i s  o f  h igher  qua1 i t y  dur ing  the  down than up c a s t  s ince 

the  sensors a re  located a t  t h e  bottom o f  the  sub-surface u n i t  t o  maximize 

response dur ing  the  downward motion. During upward motion, t h e  CTD 

sensors l i e  i n - t h e  wake o f  t h e  Rosette. 

2)  Water samples a re  taken du r ing  t h e  upcast s ince sur face water 

samples taken du r ing  t h e  downcast may be d i l u t e d  by deeper waters. 

3)  Although ho r i zon ta l  advect ion may a1 t e r  t h e  coherence o f  down- 

cas t  CTD data versus upcast water sample data, t h e  minor advect ive motions 

dur ing  t h e  t ime o f  a s t a t i o n  cause n e g l i g i b l e  mismatch o f  n u t r i e n t  data 



since hor i zon ta l  gradients i n  nu t r i en t s  are  t y p i c a l l y  q u i t e  low. 

Upcast CTD data i s  reported fo r  s ta t ions  53s and 54s s ince those 

co l l ec ted  on the downcast were no t  recorded on magnetic tape. 

CTD Data Processing 

CTD p l o t s  were logged and stored w i t h  t h e i r  respect ive  s t a t i o n  

sheets. A l l  data recorded on magnetic tape were ex t rac ted and processed 

according t o  the  f l o w  scheme (Scar let ,  1975) shown i n  Table 1. 

Computation and data manipulat ion were performed on a CDC Cyber 70 computer. 

MAGREAD converts b inary  coded data t o  frequencies and CTDUNIT 

converts frequencies t o  engineering un i t s .  LAGFILT t r e a t s  the data fo r  

the temperature l a g  o f  the temperature sensor and coarse f i l t e r s  the 

data f o r  noise. Next, SIGSALP ca lcu la tes  uncorrected sigma-t and s a l i n i t y  

values. At  t h i s  stage, s a l i n i t y  and temperature o f f s e t  cor rec t ions 

are  made from the primary c a l i b r a t i o n  data. Flow i s  then resumed by 

repeat ing SIGSALP w i t h  the  added co r rec t i on  fac to rs .  DLATCH deletes 

l i n e s  w i t h  decreasing o r  repeated depths caused by sh ip  r o l l  and 

CTDAVE presents the data i n  average one. meter increments. NODCFO 

converts the data t o  NODC format and NODMER merges add i t i ona l  data 

(i.e., nu t r ien ts ,  weather, l a t i t u d e ,  longi tude,  etc.) f o r  submission 

t o  NODC. CEMLIST ca lcu la tes  s p e c i f i c  volume anomalies, oxygen sa tu ra t ion  

and apparent oxygen u t i l i z a t i o n  (from the  In te rna t iona l  Oceanographic 

Tables, 1973), the distance between successive s ta t ions,  reads a l l  o ther  

data and formats the data f o r  presenta t ion i n  a techn ica l  repor t .  

The f i n a l  product i s  stored on magnetic tape i n  our computer system 

and - a l l  data (i.e., CTD, XBT, chemical, etc.) a re  ava i l ab l e  through NODC. 

A t  the  s ta t ions  and t o  the depths l i s t e d  i n  Table 2, a Hewlett-Packard 

Model 9825A ca l cu l a to r  was used t o  record data on casset te tape because of a 



Table 1. CTD/Data Flow. Shipboard a c q u i s i t i o n  t o  NODC submission. 

Data Source/Di sposi ti on Program Data F i l e  

Tape from Data Logger MAGREAD (Converts b ina ry  coded data t o  
decimal ) 

BI RANG 

CTDUNIT (Converts decimal u n i t s  t o  engi-  
nee r i  ng u n i t s )  

LAG 

LAGFILT (Course f i  1 t e r  and temperature l a g )  

CAL 

Primary c a l i b r a t i o n  
from b o t t l e  casts 

SIGSALP (Calculates sigma-t and s a l i n i t y )  

LATCH 

DLATCH (Removes decreasing and repeated 
depths) 

CTDATA 

CTDAVE (one meter average data)  

AVE 

NODCFO (Converts t o  NODC format)  

NODC + HEAD 

NODMER (Merges NODC data w i t h  Headers and 
chemical da ta)  

Submission t o  NODC NODCFNL 

CEMLIST (Calculates s p e c i f i c  volume 
anomal ly ,  oxygen u t i  1 i z a t i o n ,  e tc .  ) 

TECHNICAL REPORT 



Table 2. s t a t i o n s  a t  which Hewlett-Packard 9825A was used as the  pr imary 
data a c q u i s i t i o n  system. 

Sta t ions  Number Depth Range (m) 



malfunction i n  the primary collection system. A t  the time, software for  

the HP system was being developed. These data were treated essent ial ly  

i n  the same manner as described above. The correction for  temperature 

sensor lag i s  not applied, however, since most of the data are  from 

mixed layers where the lag ef fec t  i s  considered minimal. 

The Hewlett-Packard system yielded a discrete  data point a t  

approximately 0.5 meter depth increments. This re la t ive ly  infrequent 

sampl i ng, compared to  the primary acqui s i  t i  on system, resul ted in 

considerable sca t te r  (+ 0.09°/oo) in the sa l in i ty  generated from the 

three parameters col lected. Therefore, binomial smoothing was performed 

on sal in i  t y  data a f t e r  interpolation fo r  values a t  who1 e meter increments .l 

CTD Cal i bration 

The data derived from the CTD sensor system are  c r i t i c a l  t o  the 

correct interpretation of the oceanographic processes. To insure data 

of the highest possible quality,  an extensive calibration was performed. 

The CTD system was calibrated only against bot t le  cas ts  in mixed 

layers to  insure tha t  the sensors and the bot t les  were sampling the same 

water. However, since a mixed layer was not always observed, comparisons 

could not be made a t  every s tat ion.  Consequently, the resulting mean 

of fse t ,  -0.010 O/oo (Figure 3 ) ,  fo r  the mixed layer sa l in i ty  data was 

or iginal ly  used fo r  the en t i r e  data se t .  On l a t e r  cruises,  i t  became 

apparent tha t  the head of the conductivity sensor was effected by 

increased pressure a t  depth. To fur ther  ref ine the data, 

l ~ h e  expression used, as adapted from ~roenkow -- e t  a l .  (1977), is: 

SF = (sD-2m + 4s~-lm + 6SD + 4S~+lm + SD+2m)/16 

where SF i s  the sa l in i ty  reported a t  depth D and SD 

i s  the unsmoothed sa l in i ty  a t  depth D .  



CRUISE AD-'4-77 HEAN =-8.810 
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Figure 3. Sa l in i t y  o f f s e t  fo r  c r u i s e  AD-4-7.7 (- mean o f f s e t ;  
------  standard dev ia t ion) .  
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a regression'  ana lys i s  was performed (F,igure 4) and an expression 

(S + So + 0.007- 4.97 x 1 0 ~ ~ 0 ,  where S i s  cor rec ted s a l i n i t y ,  So i s  

ca l cu la ted  s a l i n i t y  w i thou t  c a l i b r a t i o n  offset,  and D i s  depth o f  sample) 

was obtained. This expression was appl i ed t o  generate cor rec ted sa l  i n i  t i es 

a t  a l l  CTD s t a t i o n s  a t  which t h e  maximum sampling depth was greater  than 

50 meters. A t  other  CTD s ta t i ons ,  t he  o r i g i n a l  o f f s e t  was preserved. 

The c a l i b r a t i o n  data used t o  generate both  t h e  o r i g i n a l  o f f s e t  and 

the  subsequent expression f o r  t h e  depth e f f e c t  a re  l i s t e d  i n  Table 3. 

S t a t i o n  numbers a re  d iscont inuous s ince thermosalinograph s t a t i o n s  

were es tab l ished a t  i n t e r v a l s  between hydrographic sect ions.  

A depth o f f s e t  o f  -1.714 meters was app l ied  t o  t h e  e n t i r e  data s e t  

as the  depth sensor c o n s i s t e n t l y  recorded a depth o f  1.714 meters a t  

t he  surface. No temperature o f f s e t  was necessary s ince t h e  CTD temper- 

a t u r e  sensor agreed w i t h  t h e  pro tec ted reve rs ing  thermometers w i  t h i n  

the  range o f  accuracy (+ 0 . 0 2 ~ ~ ) .  

CTD Er ro r  Ana lys is  

The Plessey Model 9400 CTD system has t h e  f o l l o w i n g  r a t e d  accuracy, 

reso lu t ion ,  and t ime constants (Table 4).  

Table 4. Spec i f i ca t i ons  f o r  Plessey Model 9400 CTD system. 

Conduc t i v i t y  Temperature Depth 

-- - 

Accuracy + 0.03 mmho/cm + O.0Z0C + 1.5 m 

Resolut ion 0.0001 mmho/cm 0 . 0 0 0 1 ~ ~  0.0012 m 

Time Constant 0.1 sec 0.35 sec 0.1 sec 
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Figure 4. Regression analysis of salinity offset versus depth of 
sensor, cruise AD-4-77. 



Table 3. Cru ise  AD-4-77 S a l i n i t y  C a l i b r a t i o n  Data. 

Consecutive S t a t i o n  Depth B o t t l e  D i f f e rence  
Cast No. No. (m > o/oo CTD O/oo ~ o t t l  e-CTD (O/oo) 



From t h e  above parameters, and using t h e  equat ion o f  Bennett  (1976), 

t he  -- i n  s i t u  conduc t i v i t y ,  C(S,t,p), was reduced t o  s a l i n i t y .  

1 )  The c o n d u c t i v i t y  r a t i o  i s  expressed as: 

where C(S,t,p) i s  t h e  -- i n  s i t u  c o n d u c t i v i t y  

and ~ ( 3 5 ~ / o o ,  I ~ ~ C ,  0) = 42.906 mnho/cm. 

2) A c o r r e c t i o n  i s  made f o r  the  e f f e c t  o f  pressure 

R(S,t) = R(S,t,p)/(l '+ F) 

1.60836 x  p-5.4845 x 10-lo p2 + 6.166 x  10-Is p3 
where F  = 

1 + 3.0786 x  10-2 t + 3.169 x  t2 

F i s  t h e  f r a c t i o n a l  increase i n  c o n d u c t i v i t y  a t  pressure p  dbar 

and temperature tOc.  

3) A c o r r e c t i o n  i s  made f o r  t h e  e f f e c t  o f  temperature 

R(S) = R(S,t) /r t  

where rt = 0.676518 + 0.200402 x  1 0 - l t  

4) The cor rec ted c o n d u c t i v i t y  r a t i o  i s  converted t o  s a l i n i t y  

S = -0.08996 +' 28.8567R + 1 2 . 1 8 8 8 2 ~ ~  

- 1 0 . 6 1 8 6 9 ~ ~  + 5 . 9 8 6 2 4 ~ ~  - 1 . 3 2 3 1 1 ~ ~  

-3 2 + R(R-1) 10.442 x 1 0 - l t  - 0.46 x  10 t 

- 4 x  R t  + (1.25 x  10 '~  - 2.9 x  t ) p l  

Bennett est imates t h e  o v e r a l l  accuracy o f  t h i s  equat ion as 0.0042 O/oo 

r.m. s. Add i t i ona l  sources o f  e r r o r  (summarized i n  Table 5)  a re  a t t r i b u t e d  

t o  t h e  repor ted  accuracy o f  t he  conduc t i v i t y ,  temperature,anddepth 

sensors. These values were obta ined by vary ing  observed extremes i n  

C, T, and D data by the  r a t e d  sensor accuracies. 



Table 5; Sources of sa l in i ty  e r ror  due t o  the reported accuracy of the 
s e n s o r s a n d t h e s a l i n i t y e q u a t i o n .  

Parameter Maximum Error 

Conductivity 
Temperature 
Depth 
Equation 

Total + 0.057 

- - - - ~ -- - - - - 

The standard deviation of a l l  mixed layer sampies taken fo r  sa l in i ty  

calibration purposes imp1 i e s  an accuracy, a f t e r  of fse t ,  of + 0.012 'loo. 

We believe th i s  value i s ,  except in strong thermoclines (AT > 1°c/m), a 

more r e a l i s t i c  measure of the quality of the data s e t ,  par t icular ly i n  

mixed layers,  than the composite maximum error  of the sensor package 

reported above . 
METEOROLOGICAL CONDITIONS 

Wind data from Jacksonville, Florida, arepresented i n  Figure 5. 

These data a re  derived from the monthly summary for  Apri 1 1977 (U.S. 

Department of Commerce, April 1977) and are  plotted i n  GMT a t  three 

hour intervals.  

.Winds i n  the f i r s t  part  of the month were generally southwesterly. 

April 6-9 was characterized by winds gradually changing from southwesterly 

to  easter ly.    he easter ly wind continued from April 10-18 when i t  

changed to  southeasterly and remained as  such until  April 21. Winds 

were strongest on April 4-5,averaging 6.2 m/sec. 

The average dai ly  a i r  temperature of the study period ranged from 

14.4'~ to  21.1'~. There was no precipitation during the study. 



F i g u r e  5 .  Wind d a t a ,  J a c k s o n v i l l e ,  F l o r i d a ,  1 - 2 0  A p r i l ,  1977  a t  

t h r e e  hour i n t e r v a l s  ( U .  S .  Dept .  o f  .Corn. A p r i l ,  1 9 7 7 ) .  



Meteorological data were a lso  co l l ec ted  by the sh i p ' s  personnel a t  each 

s ta t ion .  These add i t i ona l  data are  presented w i t h  the data sheets. 

The Jacksonvi l le ,  F lor ida,  weather s t a t i o n  i s  located a t  In te rna t iona l  

A i rpo r t ,  which i s  approximately 27 k i lometers inshore. Consequently, the 

meteorological data presented i n  F igure  5 may no t  be i n d i c a t i v e  of the  

actual  cond i t ions a t  a  p a r t i c u l a r  hydrographic s ta t ion .  

RESULTS AND DISCUSSION 

I n  the f o l  lowing f igures,  v e r t i c a l  temperature p l o t s  are  der ived 
' .  

from CTD and XBT data, s a l i n i t y  p l o t s  from CTD data, sigma-t from 

temperature and sal  i n i  ty and n u t r i e n t s  (NO3, PO4, and Si02), and dissolved 

oxygen from water samples co l l ec ted  a t  selected depths ind icated by 

dots on the  respect ive  p lo ts .  Hor izonta l  surface temperature p l o t s  are  

der ived from continuous thermosalinograph mapping conducted dur ing the 

ADVANCE I1 cruise.  

On a1 1  v e r t i c a l  p lo ts ,  except those f o r  c ru i se  BF-29-77, the  "S" 

o r  " X "  f o l l ow ing  the s t a t i o n  number ind ica tes  a  CTD o r  XBT s ta t ion ,  

respect ive ly .  The p l o t s  a re  arranged chrono log ica l ly  by sect ion.  

The Ver t i ca l  D i s t r i b u t i o n  o f  Physical and Chemical Propert ies 

savannah Section, 8-9 A p r i l  1977. (Figures 6-7) The temperature, 

sa l i n i t y , anddens i t y  s t ruc tures seen i n  Figure 6  a re  i n d i c a t i v e  o f  

t y p i c a l  cont inenta l  she l f  cond i t ions expected i n  the Georgia B igh t  i n  

A p r i l .  Nearshore i s  cold, low s a l i n i t y ,  low dens i t y  water r e s u l t i n g  

from t l igh spr ing runo f f .  Further o f fshore i s  warmer; more sa l i ne  and 

denser cont inenta l  she l f  water. . A t  the  she l f  brea.k, the sharp hor izonta l  

thermal grad ient  i nd ica tes  the thermal wal l  o f  the Gul f  Stream w i t h  i t s  

c h a r a c t e r i s t i c a l l y  higher s a l i n i t y  surface water ( 2  35.00 '/00). The 

2 0 . 0 ~ ~  isotherm and 36.00 0100 i soha l ine  a t  35 meters showed an i n t e r l a y e r i n g  

i n t r u s i o n  o f  the Gul f  Stream onto the  cont inenta l  she l f  as described by 
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Atkinson (1977), i.e., the shelf  water was s t r a t i f i e d  w i t h  low s a l i n i t y  

water l y i n g  on top o f  more sa l ine,  denser water, and intermediate dens i t y  

Gul f  Stream water in t ruded between the two. 

Phosphate and s i l i c a t e  p l o t s  o f  the same sect ion (Figure 7)  show 

elevated concentrat ions i n  both t he  nearshore r u n o f f  water and the 

deep, co ld  Gul f  Stream water. These nu t r i en t s  were f a i r l y  depleted 

i n  the she l f  water. N i t r a t e  was essen t i a l l y  depleted from shore ou t  

t o  the shelf  break. As w i t h  the o ther  nu t r ien ts ,  .the Gul f  Stream water 

below the euphotic zone had higher concentrat ions o f  n i t r a t e .  

St. Simons Section, 10 A p r i l  1977. (Figures 8-9) The St. Simons 

t ransect ,  10 A p r i l  1977, (Figures 8-9) revealed wel l  mixed water from 

nearshore almost t o  the she l f  break. The temperature and dens i t y  p l o t s  

showed a poss ib le  Gul f  Stream per tu rba t ion  around s t a t i o n  28S, as temperature 

increased and then decreased and dens i t y  correspondingly decreased and 

then increased from onshore t o  o f f shore . .  Add i t i ona l l y ,  isotherms which 

sloped down t o  the west (see 10.OO - 21 .oOc isotherms, Figure 8) 

i nd i ca te  an eddy event (Lee, 1975). Current meter data, now being 

processed a t  the Un ive rs i t y  o f  Miami, should e luc ida te  the nature o f  

the event. 

.Savannah Sections, 11 and 12 A p r i l  1977. (Figures 10-13) A bottom 

i n t r u s i o n  o f  dense Gul f  Stream water onto the she l f  was observed dur ing 

the Savannah sect ions o f  11 and 12 A p r i l ,  1977 (Figures 10-13). Note 

p a r t i c u l a r l y  the r e l a t i v e l y  h igh n u t r i e n t  concentrat ions a t  depth a t  

s t a t i o n  39s (Figure 11) and s t a t i o n  59s (Figure 12). Also, the presence 

o f  cool,  n i t r a t e - r i c h  water a t  the she l f  break (Figure 11) demonstrated 

the  a v a i l a b i l i t y  o f  t h i s  water as a po ten t i a l  source o f  nu t r i en t s  t o  the 

cont inenta l  she l f .  



Jacksonv i l le  Section, 13-14 A p r i l  .- 1977. (Figures 14-15) A bottom 

i n t r u s i o n  was observed dur ing the Jacksonv i l le  sect ion, 13-14 A p r i l  1977. 

Figure 14 shows t h a t  the 1 9 . 0 ~ ~  isotherm was on the cont inenta l  shelf .  

Associated w i t h  t h i s  cool water were h igh n u t r i e n t  concentrat ions 

(Figure 15). 

St. Augustine (South) Section, 14 A p r i l  1977. (Figures 16-17) The 

v e r t i c a l  p l o t s  (Figures 16-17) o f  the St. Augustine (South) sect ion, 

14 A p r i l  1977, reveal  the presence o f  a Gul f  Stream sp in -o f f  eddy. 

Taking temperature as an example, proceeding from onshore t o  of fshore,  

an increase, then decrease, and f i n a l l y  an increase occurred. The. 

f i r s t  s i g n i f i c a n t  increasing hor izonta l  temperature grad ient  resu l ted  

from the water being o f  Gul f  Stream o r i g i n .  This water spun o f f  from 

the main body o f  the Stream and was t ransported as a cyc lon ic  counter- 

current .  Lee (1975) .described a s i m i l a r  process i n  the F lo r ida  

Current . 
Strong upwel l ing was observed a t  s ta t ions  177s through 180s and, 

as can be seen i n  Figure 17, nu t r i en t s  are  advected upwards w i t h  the 

deep Gul f  Stream water. The r a t i o  between n i t r a t e  and phosphate a t  

s t a t i o n  178s a t  a sample depth o f  39 meters i s  15.7:1, which suggests 

t h a t ' t h e  water i s  o f  deep o r i g i n .  The low oxygen concentrat ions observed 

support t h?s  contention. 

Ormond Beach Section, 15 A p r i l  1977. (Figures 18-19) During the 

Omond Beach sect ion, 15 A p r i l  1977, some upwel l ing was observed. The 

17. OOC t o  22 .oOc 'isotherms (Figure 18) best demonstrated t h i s  fea tu re  

as they curved downwards t o  the west. Comparison o f  the n u t r i e n t  and 

oxygen p l o t s  (Figure 19) w i t h  those o f  the St. Augustine (South) sect ion 

(Figure 17), however, confirms t h a t  the observed upwel l ing was no t  

as strong as dur ing the eddy event s ince n u t r i e n t  concentrat ions were 



s i g n i f i c a n t l y  lower and dissolved oxygen concentrat ions higher a t  

the she l f  break. 

S t .  Augustine (North) Section, 15 A p r i l  1977. (Figures 20-21) 

Another hydrographic sect ion, St. Augustine (North), 15 A p r i l  1977, was 

run through the eddy event. The r e s u l t s  are presented g raph i ca l l y  i n  

Figures 20 and 21. Again, a strong upwel l ing o f  cold,  nu t r i en t - r i ch ,  

low oxygen water was apparent. Note t h a t  t h i s  water extended we1 1 

onto the she l f :  the 1.0 mole/ l  n i t r a t e  i sop le th  extended almost 

t o  s t a t i o n  213s (Figure 21). Thus, assuming t h a t  the f a t e  o f  a sp in -o f f  

eddy i s  eventual d i s s i pa t i on  i n  the she l f  water, an eddy event can 

increase the supply o f  ava i lab le  nu t r i en t s  on the she l f .  

Jacksonv i l le  (North) Section, 15 A p r i l  1977. (Figure 24a) An XBT 

t ransect  was conducted t o  the nor th  o f  the eddy center  (Jacksonv i l le  

(North) 15 A p r i l  1977). Figure 24a shows the cha rac te r i s t i c  increase, 

decrease and increase i n  surface water temperature found dur ing an 

eddy event. Upwell ing o f  co ld  water a t  s ta t ions  233X and 234X was 

observed. No n u t r i e n t  o r  oxygen data was co l lec ted .  

S t .  Simons Section, 16 A p r i l  1977'. (Figure 24b) The S t .  Simons 

XBT section, 16 A p r i l  1977, (Figure 24b) through the northern p o r t i o n  of 

the eddy a lso  showed upwel l ing a t  the she l f  break bu t  t h i s  upwel l ing 

was no t  as strong as dur ing the preceding sect ion since the  corresponding 

isotherms were no t  as shallow. 

Savannah Section, 16 A p r i l  1977. (Figures 22-23) The r e s u l t s  o f  

the l a s t  hydrographic sect ion occupied (Savannah, 16 A p r i l  1977) are  shown 

g raph ica l l y  i n  Figures 22 and 23. The p l o t s  do no t  i nd i ca te  an eddy; 

however, there  was a bottom i n t r u s i o n  since h igh s a l i n i t y  water (> 36.100/00) 

was observed on the cont inenta l  she l f  a t  s t a t i o n  263s (Figure 22). Associated 

w i t h  t h i s  water was high n u t r i e n t  and low oxygen concentrat ions (Figure 23). 



Savannah Section, 19 A p r i l  1977. (F igure 24c) Changes which 

can occur over a  sho r t  pe r iod  o f  t ime a re  demonstrated by comparing 

Figure 24c, which presents the  r e s u l t s  o f  XBT Cruise BF-29, 19 A p r i l  1977, 

w i t h  Figure 22 (Savannah sect ion,  16 A p r i l  1977). I n  th ree  days, t h e  

upper 10 meters s t r a t i f i e d ,  poss ib l y  as a  r e s u l t  o f  sur face heat ing 

i n  response t o  i n s o l a t i o n ,  and a  c o l d  water core (< 17.0 '~  a t  t he  

center )  moved i n t o  t h e  mid-shel f  region.  Since G u l f  Stream s p i n - o f f  

eddies are  advected northward ( iee,  i975) ,  i t  i s  i i k e i y  t h a t  t h i s  i s  

t he  same water mass observed upwel l ing  i n  response t o  the  eddy mechanism 

bu t  which l a t e r  completely separated f rom the  parent  Gu l f  Stream. Th is  

i s  again evidence t h a t  sp in -o f f  eddies a re  a  s i g n i f i c a n t  source of 

n u t r i e n t s  t o  t h e  con t inen ta l  she l f .  

The Hor izonta l  D i s t r i b u t i o n  o f  Temperature 

The r e s u l t s  o f  continuous mapping o f  sur face temperature du r ing  

the  ADVANCE I 1  c r u i s e  a re  presented g r a p h i c a l l y  i n  Figures 25 (12-14 

A p r i l  1977) and 26 (14-16 A p r i l  1977). Note i n  F igure 25 the  c o l d  

water sur face core (< 21°c) o f  t he  eddy a t  a  l a t i t u d e  o f  ~ 9 ~ 4 0 ' ~ .  

To the  west was a  warmer tongue (> 22'~) spun o f f  f rom the  Gu l f  Stream. 

Figure 26 revea ls  t h a t  t he  c o l d  water core and the  e n t i r e  eddy increased 

i n  s ize.  Also, t he  core center  advected northward w h i l e  water warmer 

than 2 3 ' ~  i n  t h e  tongue extended more t o  the  south. A d d i t i o n a l l y ,  

0 
water warmer than 24 C was ev ident  i n  p o r t i o n s  o f  t he  tongue. C lear ly ,  

these two f igures ,  i n  combination w i t h  Figures 16 and' 20 (St.  Augustine 

(South) and (North)),  p rov ide  a  unique documentation o f  an eddy event. 



T-S Relationship 

The relat ion of temperature to  sal  in i  ty  observed during cruise 

AD-4-77 i s  presented graphically in Figure 27. The nearshore and shelf 

waters are  a t  the l e f t  and center of the plot ,  respectively. The 

generally ver t ical  band a t  the r ight  hand side of the plot i s  charac ter i s t ic  

of the Gulf Stream T-S relationship.  W i t h i n  t h i s  band are  found the 

T-S relationships of the waters a t  the shelf break during the eddy event, 

identifying the i r  origin.  

SUMMARY 

During cruises AD-4-77 and BF-29-77 in April 1977, the following 

observations were made: 

1. Water on the continental shelf was generally well mixed 

vert ical ly .  On the outer she l f ,  exceptions occurred when Gulf 

Stream water was deposited on the shelf i n  the form of an intrusion 

or as a spin-off eddy. 

2. An interlayering intrusion of Gulf Stream water into the 

continental shelf water was seen a t  the shelf break off Savannah on 

April 8-9, 1977. 

3 .  Bottom intrusions of cool, nutrient-rich water onto the shelf 

occurred during the Savannah transects of 11 and 12 April, the 

Jacksonville transect of 13-14 April, and the Savannah transect of 

16 April, 1977. 

4. A Gulf Stream spin-off eddy centered off St.  Augustine and 

a t  the shelf break had associated w i t h  i t  cool, nutrient-rich, low 

oxygen water which was advected upward from i t s  origin off the continental 

shelf.  W i t h i n  a week, this water was on the mid-shelf, isolated from 

the parent Gulf Stream. Therefore, a spin-off eddy can be ident i f ied 

as  a mechanism for  nutrient enrichment of the continental shelf waters. 
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Figure 6.Vertical distribution of temperature, salinity, and 
sigma-t, Savannah section, 8-9 April 1977. 
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F i g u r e  7. V e r t i c a l  d i s t r i b u t i o n  o f  n u t r i e n t s  and oxygen, Savannah 

s e c t i o n ,  8-9 A p r i l  1977. 
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Figure 9. Vertical distribution of nutrients and oxygen, St. 

Simons section, 10 April 1977. 
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Figure 10.Vertical distribution of temperature, salinity, and 
sigma-t, Savannah section, 11 April 1977. 
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Figure  11. V e r t i c a l  d i s t r i b u t i o n  of n u t r i e n t s  and oxygen, Savannah 
s e c t i o n ,  11 A p r i l  1 9 7 7 .  
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Figure 12. Vertical distribution of temperature, salinity, and 
sigma-t, Savannah,section, 12 April 1977. 
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Figure 14. Vertical distribution of temperature, salinity, and 

sigma-t, Jacksonville section, 13-14 April 1977. 
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Figure 15. Vertical distribution of nutrients.and oxygen, 
Jacksonville section, 13-14 April 1977. 
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Figure 16. Vertical distribution of temperature, salinity, and 

sigma-t, St.Augustine (South) section, 14 April 1977. 
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Figure 18. Vertical distribution of temperature, salinity, and 

sigma-t, Ormond Beach section, 15 April 1977. 
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Figure 19. Vertical distribution of nutrients and oxygen, Ormond 

Beach section, 15 April 1977. 
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Figure 20. Vertical distribution of temperature, salinity, and 
sigma-t, St.Augustine (North) section, 15 April 1977. 
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Figure 21. Vertical. distribution of nutrients and oxygen, St. 

Augustine (North) section, 15 April 19.77. 
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Figure 22. Vertical distribution of temperature, salinity, and 
sigma-t, Savannah section, 16 April 1977. 

DISTRNCE OFF SHORE c K n 1  

1 0  3 0  5 0  7 0  9 0  110  1 3 0  1 5 0  . 

3 0  '. 

5 0  .. 

E 7 0  .. 
1 

igO 
110 . .  

1 3 0 . .  

1 5 0 ' '  

170 . .  

1 9 0 "  

SAVRNNAH 

S R L I N I T Y  (PJ 

'' 1 6 R P R l L  1 9 7 7  

1 2155 



DISTRNCE OFF SHORE CKM) 
I 8  3 8  L B  7 8  8 8  1 1 8  1 3 8  I S 0  

D ISTRNCE OFF SHORE fKH)  
I 8  3 8  SB 7 8  8 8  1 1 8  1 3 8  ISM 

SRVRNNRH 

S I L I C R T E  (UHOLE/L l  

1 6  R P R l L  1 9 7 7  

DISTRNCE OFF SHORE (KH) 
I 8  3 B  SB 7 8  9 8  1 1 8  1 3 8  I S 8  

3 s  .. 

K 8  .. 

= 7 0  .. SRVRNNRH 
" 
x 

" 
PHOSPHRTE (UMOLE/L) 

j s a  . . .  1 6  RPRIL 1 9 7 7  

1 1 8  
50 

1 3 8  .. 
90 

DISTRNCC OFF SHORC (KPl> 

I 8  3 8  2 8  7 8  9 8  1 1 8  1 3 8  I S 8  

Figure 23. Vertical distribution of nutrients and oxygen, Savannah 

section, 16 April 1977. 
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Figure 24. Vertical distribution of temperature, (a) Jacksonville 
(North) section, 15 April 1977, (b) St.Simons section, 
16 April 1977, and (c) cruise BF-29-77 (Savannah), 19 
April 1977. 



Figure 25. Horizontal surface temperature distribution, 
12-14 April 1977. 



Figure 26. Horizontal surface temperature distribution, 
14-16 April 1977. 



Figure 27. Temperature-Salinity plot, cruise AD-4-77, April 1977. 
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Appendix I. 

Hydrographic Data 



HYDROGRAPHIC DATA 

The following printouts a re  from our CEMLIST programming of the 

data se t .  An explanation of the l i s t ing  follows. 

Header Data: Times are  GMT (EST + 5 hours) 
Latitude and Longitude are from Loran A or Loran C 

Weather Data : These data are  from the ship 's  log. 

Wind speed (knots) 
Wind direction (degrees) 
Air temperature (degrees C )  
Weather code (WO code 4501) 
Barometric pressure (mil 1 i bars) 
Sea s t a t e  (WMO code 3700) 
Wave direction (not given) 
Cloud type (not given) 
Cloud amount (not given) 
Vis ib i l i ty  code (not given) 

Observations: Z = Depth i n  meters 
T = Temperature in OC 

S = S a l i n i t y i n O / o o  
D . = Sigma-t 
SVA = Specific volume anomaly x 10 5 

= Dissolved oxygen i n  m i l l i l i t e r s / l i t e r  
= Oxygen saturation value (from International 

Oceanographic Tables, Vol . 7 (1973) 
AOU = Apparent oxygen u t i l iza t ion  (02 - 02) 

= Phosphate concentration i n  pmole/liter 
= Nitrate concentration in pmole/l i t e r  

.Si = Si l i ca te  concentration in umole/liter 



S T A T I O N  SUMMHRY FOR ADVANCE I 1  C R U I S E  

CRUISE STHTION L A T I T U D E  LONG I TUDE S'R MN DY HOUR 
GtIT 

77 4 8 14.8 
77 4 8 15.S 
77 
r r  4 8 17.0 
77 4 8 21.4 
77 
r r  4 8 22.1 
-7 
r 4 8 22.4 
77 4 8 23.6 
-7 
i r  4 9 .I 
77 
r r  4 9 .9 
77 .4 9 1.4 
77 4 9 2.3 
77 4 9 2 .*3  
-7 ( ,  4 '3 4.1:l 
-7 
i.i 4 9 4.4 
77 4 10 1.4 
-7 
i.i 4 1111 2.7 
-7 
( -1 .  4 1[l 3.4 
-7 r. 1. 4 1 0 :I: #3 -- 
i .  4 10 4.:3 
-7 
,i 4 10 5.3 
77 4 10 &.[I 
7- i c  4 10 G.5 
-7 
iri 4 10 7.2 
-77 
i i 4 1.0 7 . S  -- 
i 4 l i l  5.8 
-7 
,I. 4 1il 9.4 -- 
i.i 4 11 13.1 
77 
i t .  4 11 5.15 
7- 
1 . 1 .  4 11 5 . 7  
77 
i i  4 1 1  60.5 
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i'i. 4 . 1 1  9.1 
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i.i 4 11 10.E. 
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i i 4 12 15.4 

-77 , 4 12 16.5 
77 4 12 17,c, 
77 4 12 1&.:3 
77 I. 4 12 12.8 
77 4 12 la3.6, 
-7 
i.i 4 12 20.0 
77 i 4 12 215.8 
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.- . j 
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1 9 21 
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.- - 
-1 .. 

.-a I 
24 

.- - 
.a .. 
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4 :3 .=a L ,- 3 

1 13 3 0 
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124 :3 4 

6 ::: .3e . 
.-,.-I 

4 6. .- - .:: k, 

4 6. .- - 
I .. .-' I 

44 .=# ,-, 

4 0 .:. q 
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.-I I 40 
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.- - 4 1 
-1 .. 
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22 4 '3 
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.-I ,-a 

42 5 '3 

44 c, [I 



ADVANCE I I CRUISE 

CRUISE STRTION LRTITUDE LONG I TUDE 

CCONT INUEDI 

YR MN DY HOUR 
GMT 

77 4 12 21.2 
77 4 12 22.0 
77 4 12 22.4 
77 4 12 23.4 
77 i ( 4 12 23.8 
-7 
f c  4 13 17.7 
77 
( i  4 13 15.9 
77 
i i 4 13 19.5 
--? i i 4 1:3 19.9 

77 4 13 20.7 

77 4 1 3 2 1 . 1  
79 4 13 22.iI 
77 4 13 22.4 
77 
i f  4 13 23.1 
77 < i 4 13 23.5 
77 4 14 . 1  
-7 
i i  4 14 -6 
77 4 14 1.7 
77 
i i  4 14 2.1 
77 
i i  4 14 19.1 
77 i i 4 14 13.'3 -- , i. 4 1 4 2 111 . 4 
" 4 1 4 '" 1 " i i L .L  
7- 
I I 

4 1 4 .=, [I 
LL. 
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77 , i 4 15 7.:3 
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r . , .  4 15 8.1 
77 4 15 12.1 
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( i  4 15 12.4 
77 i ,. 4 15 I:;.:: 
77 4 15 14. 0 
7- ,, 4 15 14.2 
77 4 15 14:3 
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ADVkNCE I 1  CRUISE 
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THE RESULTS OF FOUR OCEANOGRAPHIC CRUISES 

I N  THE GEORGIA  BIGHT 

L. P. Atk inson  

Skidaway I n s t i t u t e  o f  Oceanography 
P:O. Box 13687 

Savannah, Georgia 31 406 

The Technica l  Report  Ser ies  o f  t he  Georgia Mar ine Science Center 
i s  i ssued  by t h e  Georgia Sea Grant  Program and t h e  Mar ine Extens ion 
Se rv i ce  o f  t h e  U n i v e r s i t y  o f  Georgia on Skidaway I s l a n d  (P. 0.  Box 13687, 
Savannah, Georgia 31 406). It was es tab l  i shed t o  p rov ide  d i ssem ina t i on  
o f  t e c h n i c a l  i n f o r m a t i o n  and progress r e p o r t s  r e s u l t i n g  f rom mar ine 
s t u d i e s  and i n v e s t i g a t i o n s  ma in l y  by s t a f f  and f a c u l t y  o f  t h e  U n i v e r s i t y  
System o f  Georgia. I n  a d d i t i o n ,  i t  i s  i n t ended= fo r  t h e  p r e s e n t a t i o n  of 
techniques and methods, reduced da ta  and general  i n f o r m a t i o n  o f  i n t e r e s t  
t o  i n d u s t r y ,  l o c a l ,  r e g i o n a l ,  and s t a t e  governments and t h e  pub1 i c .  
I n f o r m a t i o n  con ta ined  i n  these r e p o r t s  i s  i n  t h e  p u b l i c  domain. I f  t h i s  
p r e p u b l i c a t i o n  copy i s  c i t e d ,  i t  should be c i t e d  as an unpubl ished 
manuscr ip t .  
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TNTRODUCTION 

Dur ing 1973 and 1974 we conducted f o u r  oceanographic c ru ises  i n  

the  Georgia B i g h t  w i t h  the purpose o f  ga in ing  background seasonal data 

w i t h  which t o  p lan  more s p e c i f i c  experiments. I n  t h i s  t echn ica l  r e p o r t  

t he  data a re  presented i n  g raph ica l  form w i t h  i n t e r p r e t a t i o n .  The data 

i t s e l f  was publ ished i n  two techn ica l  repo r t s  (Atkinson, 1975 and 1976). 

Some of the i n t e r p r e t a t i o n s  i n  t h i s  r e p o r t  w i l l  be g iven i n  more d e t a i l  

i n  pub1 ished j ou rna l  a r t i c l e s .  



RESULTS OF FOUR SEASONAL CRUISES 

Data 

The b a s i c  s t a t i o n  g r i d  was sampled f o u r  t imes as shown i n  F igures  

1-4. I n  a d d i t i o n  t o  t h e  onshore/of fshore l i n e  o f  s t a t i o n s  samples were 

o c c a s i o n a l l y  taken between sec t ions .  

The dates and sampl ing a c t i v i t i e s  f o r  t h e  f o u r  Georgia B i g h t  c r u i s e s  

a re  summarized i n  t h e  f o l l o w i n g  t a b l e :  

Tab le  1. Sample I n v e n t o r y  

Dates 
C ru i se  Name E-13-73 E - 1 9 - 7 3  E-3-74 E-12.-74 
Date ( I n c l u s i v e )  4- l l / I X / 7 3  8-15/XI I /73 23-3O/IV/74 23-30/VII /74 

. #  S t a t i o n s  55 62 63 68 

# Sample Depths 278 239 2  15 . 296 

# S a l i n i t y  Samples 274 233 213 288 

# Oxygen Samples 2  56 135 207 29 1 

# Temperature 
Observat ions 278 238 2  12 ' 295 

# N i t r a t e  Samples 276 199 180 244 

# Phosphate Samples 276 198 204 29 1 

# S i l i c a t e  Samples 260 200 208 29 3 

D r i f t  B o t t l e s  Released 
( # / S t a t i o n s )  60115 601 15 361 18 361 18 

A l l  o f  t h e  hydrographic  da ta  and bathythermograph p r o f i l e s  - a r e  

s t o r e d  w i t h  t h e  Na t i ona l  Oceanographic Data Center  and a r e  a v a i l a b l e  

under t h e  a p p r o p r i a t e  c r u i s e  name. 

The h o r i z o n t a l  p l o t s  a r e  presented f i r s t ,  f o l l o w e d  by t he  v e r t i c a l  

p l o t s .  Cru ises  a r e  r e f e r r e d  t o  by t he  name (e.,g., E-19-73) o r  t h e  month 

d u r i n g  which t h e  c r u i s e  took  p lace.  



Hor i zon ta l  D i s t r i b u t i o n s  

Surface Temperature. Surface temperatures (F igure  5)  were observed 

t o  range f rom less  than 1 4 ' ~  t o  g rea te r  than 29'~. The h igher  tempera- 

t u r e  a re  always found i n  the  v i c i n i t y  o f  the  G u l f  Stream. Dur ing the  

summer (E-13-73 and E-12-74) s o l a r  heat ing  i s  e f f e c t i v e  i n  r a i s i n g  the  

sur face temperature o f  the B i g h t  un i fo rm ly  . Thus the  h o r i z o n t a l  

temperature grad ien ts  a re  minimal du r ing  the  summer. Dur ing the  w i n t e r  

and s p r i n g  (E-19-73 and E-3-74) a  d e f i n i t e  o f f sho re  g rad ien t  i n  tempera- 

t u r e  occurs. On E-19-73 the  waters a re  coo l i ng  i n  response t o  lower a i r  

temperatures. Dur ing E-3-74 the  s h e l f  waters are  genera l l y  warmer i n  

response t o  warmer a i r  temperatures and s o l a r  i n s o l a t i o n .  I n  the  s p r i n g  

(E-3-74) ho ' r izonta l  gradients a re  minimal except i n  the v i c i n i t y  o f  the 

G u l f  Stream. 

Bottom Temperature. The bottom temperature d i s t r i b u t i o n s  (F igure  

6)  must be compared t o  the  sur face temperature d i s t r i b u t i o n s .  I n  t h ree  

cases (upper and lower l e f t ,  and lower r i g h t )  bottom temperatures 

decrease towards the  of fshore.  This  i s  i n  con t ras t  t o  the  sur face water 

temperatures t h a t  increase i n  the o f f sho re  d i r e c t i o n .  This  occurs 

because r e l a t i v e l y  co ld,  deep, Gu l f  Stream water i s  moving onshore a1 ong 

the  bottom. Th'is i s  normal ly  r e f e r r e d  t o  as the  i n t r u s i o n  process. This  

process i s  very impor tan t  because i t  br ings  new water  on to  the s h e l f ,  

r ep lac ing  what was there. The i n t r u s i o n  process i s  a l s o  ev ident  i n  the 

December c r u i s e  (upper r i g h t )  b u t  because the s h e l f  waters are  r e l a t i v e l y  

c o l d  (15-20C) the  i n t r u d i n g  Gu l f  Stream water appears warm. 

Surface S a l i n i t y .  Surface s a l i n i t i e s  (F igure  7)  range f rom 31 t o  

g rea te r  than 36O/oo. The lower s a l i n i t i e s  are  found near the  shore as 



expected. I n  general t he  35'/00 i soha l  i n e  fo l l ows  the 18 m (10 fathom) 

isobath.  However south o f  the  Altamaha River  the  i soha l i nes  begin t o  

i n t e r s e c t  the  coast.  The sur face s h e l f  water s a l i n i t i e s  genera l l y  a re  

g rea te r  than 36'/00 w i t h  a tendency f o r  h ighe r  s a l i n i t i e s  t o  the south 

and lower s a l i n i t i e s  t o  the  n o r t h  a t  the same isobath.  

During c r u i s e  E-13-73 a spec ia l  s i t u a t i o n  ex is ted .  The low surface 

s a l i n i t i e s  on the  ou ter  s h e l f  were hypothesized t o  o r i g i n a t e  from the  

M i s s i s s i p p i  R i ve r  du r ing  per iods o f  h igh  r u n o f f .  See Atk inson and 

Wal l ace  (1975) f o r  a d d i t i o n a l  discussion. 

Surface Density.  The sur face dens i t y  p l o t s  (F igure  8) show the  

e f f e c t  o f  low s a l i n i t y  water l y i n g  along the coast.  The c e n t r a l  s h e l f  

waters are  q u i t e  o f t e n  o f  h igher  dens i ty  than i nne r  o r  ou ter  she l f  

waters because o f  the  combination o f  r e l a t i v e  h igh  s a l i n i t i e s  and low 

temperatures i n  c o n t r a s t  t o  h igher  o f f sho re  sa l  i n i  t i e s  (and temperatures).  

Nearshore geostrophic cur ren ts  t o  the  south a re  i n d i c a t e d  i n  a l l  

c ru i ses  except E-19-73. 

Bottom Nu t r i en ts .  The i n t r u s i o n  o f  deeper -nu t r ien t  r i c h  water onto 

the s h e l f  i s  one o f  the p r i n c i p a l  sources o f  phytoplankton n u t r i e n t s .  

One way o f  i d e n t i f y i n g  i n t r u d i n g  waters i s  by l ook ing  a t  t he  near bottom 

concentrat ions o f  the  phytoplankton n u t r i e n t s  and e s p e c i a l l y  n i t r a t e  

(F igure  9 ) .  

As F igure  9 demonstrates n i t r a t e  i s  u s u a l l y  a t  very low concentra- 

t i o n s  i n  the s h e l f  waters, t y p i c a l l y  being l ess  than 1 pm. However, i n  

the  v i c i n i t y  o f  an i n t r u s i o n  i t  i s  h igher ,  o f t e n  reaching 10 pm. The 

f i g u r e s  show a steady increase i n  the n i t r a t e  concent ra t ion  i n  t he  near 

bottom waters towards the o f f sho re  w i t h  the  on l y  v a r i a n t  being where the 

increase s t a r t s  i n  the  cross-she1 f d i r e c t i o n .  



The wave- l i  ke s t ruc tu res  i n  these p l o t s  a r e  n o t  s i g n i f i c a n t  s ince  

they cou ld  r e f l e c t  the  b ias  i n  the  t ime requ i red  f o r  sampling. I t  i s  

s i g n i f i c a n t  however t h a t  t he re  always appeared t o  be an i n t r u s i o n  o f  

n i  t r a t e - r i c h  water o f f  the S t .  Johns River .  

V e r t i c a l  Sect ions 

The v e r t i c a l  sec t ions  i n d i c a t e ,  when combined w i  t h  the  h o r i  zonta l  

data, a  th ree  dimensional view o f  the  s h e l f .  The data presented are 

sample 1  o c a t i  on and depth, temperature, s a l i n i t y  , sigma- t (densi t y  ) , 

oxygen, phosphate, n i  t r a t e  and s i  li cate. 

The legend above the  sec t i on  r e f e r  t o  s t a t i o n  numbers. The Roman 

numerals i n s e t  i n  t he  sec t i on  r e f e r  t o  the onshore/offshore sect ions,  

I being the most n o r t h e r l y  and V I  the  most souther ly .  Since s t a t i o n  

numbers, l oca t i ons  and sect ions were nea r l y  i n v a r i  a n t  du r ing  the  

c ru ises  the  reader may e a s i l y  compare var ious s t a t i o n s  and sec t ions .  

For each c r u i s e  the  sec t ions  proceed from n o r t h  t o  south. The s t a t i o n s  

i n  a  sec t i on  were e i t h e r  5, 10, o r  15 n a u t i c a l  mi les  (9.3, 18.5 o r  

27.8 km) apar t .  

Cru ise E-13-73, 5-10 September 1973. (F igures 10-14) On a l l  

s e c t i  ons a  s t rong thermocl i ne extended t o  v a r y i  ng d is tances across the 

shel f .  I f  one compares the  v e r t i c a l  temperature p r o f i l e s  w i t h  the  

ho r i zon ta l  d i s t r i b u t i o n  o f  bottom temperatures the cause o f  the c o l d  

bottom waters becomes evident .  The s teep ly  s l o p i n g  isotherms can 

expose c o l d  water  t o  very shal low depths. For example on Sect ion  V 

(F igure  14) a t  s t a t i o n  54 1 8 ' ~  water  i s  found a t  about 220 m, whereas 

a t  s t a t i o n  51, which i s  25 n a u t i c a l  m i l es  (46 km) t o  the  west, 1 8 ' ~  

water  i s  found a t  50 m: a r i s e  o f  3.7 m per  km. 

The i n tense  thermocl ine i n  the  ou te r  s h e l f  waters caused by the  

i nvas ion  o f  deeper, c o l d  Gu l f  Stream waters has many impor tan t  consequences. 



The outer  s h e l f  i s  extremely s t a b l e  because o f  the  extreme v e r t i c a l  

dens i t y  gradients.  The c o l d  water conta ins many d isso lved cons t i t uen ts  

. t h a t  a re  l a c k i n g  i n  s h e l f  water and thus becomes an impor tan t  source o f  

these cons t i  tuents. 

N i t r a t e ,  phosphate and s i l i c a t e  a re  q u i t e  h igh  on the  ou ter  she l f  

i n  r e l a t i o n  t o  the lower temperatures because t h e i r  source i s  co ld,  deep 

water. The onshore movement o f  n u t r i e n t - r i c h  water i s  e s p e c i a l l y  

no t i ceab le  i n  Sect ion V (F igure  14).  

An area o f  maximum s a l i n i t y  i s  always found a t  depths o f  100-300 

meters. I n  t h i s  area s a l i n i t i e s  o f t e n  reach 36. S0/ob and occas iona l ly  

36.7O/oo. Nearshore s a l  i n i  t i e s  progress ive ly  decrease. As the near- 

shore i s  approached the  sur face s a l i n i t y  i s  nea r l y  always l e s s  than the  

bottom s a l i n i t y .  Th i s  i s  expected s ince  f reshe r  water f lows o u t  a t  the  

sur face and s a l t  water f lows shoreward t o  rep lace t h a t  en t ra ined i n  the  

sur face f low.  S i l i c a  and phosphate a l s o  increase towards the  coast  w i t h  

h igher  concentrat ions u s u a l l y  found a t  the surface. This  i s  because the  

r i v e r  water c a r r i e s  h igh  concentrat ions o f  these n u t r i e n t s .  

The lens  o f  low s a l i n i t y  water t h a t  appears i n  the sur face waters 

near t he  s h e l f  break, which i s  e s p e c i a l l y  n o t i c a b l e  i n  sec t ions  111, I V ,  

and V (F igures 12-14), represents water t h a t  we hypothesized i s  o f  

M iss i ss ipp i  R iver  o r i g i n .  

An oxygen minimum i s  associated w i t h  the  zone o f  h igh  s a l i n i t y .  

Concentrat ions o f t e n  a re  l ess  than 3.5 m l  02/1. 

Cruise E-19-73, 10-15 December 1973. (F igures 15-20) This  c r u i s e  

was du r ing  a  pe r iod  o f  s t rong winds and coo l i ng  and the  data r e f l e c t  

t h a t .  Near ly  a l l  i s o l i n e s  are v e r t i c a l  which i n d i c a t e  the  complete 

absence o f  v e r t i c a l  g rad ien ts  i n  the s h e l f  waters. 



Temperature and sal i ni ty progressi vely decrease towards the coast 

indicative of atmospheric cooling and the influence of river runoff, 

respectively. In a l l  sections the colder deep water i s  poised a t  the 

shelf edge and nutrient concentrations are higher 'in t h a t  area. In 

fact  in spite of the intense wind mixing the temperature and nutrient 

profiles a t  the shelf break look much like Cruise E-13-73. 

Temperature d a t a  indicates the Gulf Stream l ies  nearer to the 

shelf break i n  the southern part of the study area relative t o  the 

northern sections. 

Cruise E-3-74, 24-29 Apri 1 1974 (Figures 21-26). This cruise was 

during a time of moderation of the stronger winter winds and seasonal 

heating. Shelf water temperatures are 18-21°c with l i t t l e  horizontal 

or vertical structure.The outer shelf waters on section VI (Figure 26) 

are significantly affected by an intrusion of colder Gulf Stream 

water. This results in the coldest shelf waters being in the most 

southerly section. 

Salinities in the shelf waters decrease towards the coast and 

exhibit estuarine type structure wi t h  higher sa l in i t ies  near bottom. 

A sal ini ty maximum usually occurs well east of the shelf break a t  

depths of 100-200 m. 

The isotherms in deeper water slope up to the east in section I 

and I I then down (Figures 21-22). A t  other more southerly sections , 

they slope down to the east. This implies a counter-current near the 

shelf break i n  the northern part of the area: isotherms sloping down 

to the west indicate the possible presence of a southerly flowing 

current (flowing counter to the Gulf Stream). 
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The nutrient concentrations r e f l ec t  the presence of colder water 

a t  the shelf break and are  relat ively high. Sections I and VI (Figures' 

21, 26) show an especially active intrusion of deeper Gulf Stream 

water into the outer shelf waters. 

Oxygen concentrations show a consistent minimum a t  100-200 m.  

Cruise E-12-74, 23-30 July 1974 (Figures 27-32). This cruise 

was in July during the typical summer season. The area i s  dominated 

by southerly winds. In a l l  sections there was a s ignif icant  intrusion 

of colder water onto the shelf.  

On section I (Figure 27) water of 200C i s  present a t  the shelf 

break. This cold water was accompanied by nutrient concentrations of 

.3, 2 and 2 um for  phosphate, n i t r a t e  and s i l i c a t e ,  respectively. 

There i s  an indication of a counter-current a t  200- to 300 m in the 

slope of the isotherms and isopycnals. Low sa l in i ty  water i s  present 

in the nearshore surface waters implying an offshore movement of 

surface waters. No sa l in i ty  maxima i s  observed which implies that  the 

Gulf Stream l i e s  fa r ther  to  the eas t  as i s  also implied by the isotherm 

s 1 opes. 

Section I1 i s  similar to  section I with 20 '~  water a t  the shelf 

break. And again this  water i s  accompanied by high nutrient concen- 

trations.  The lack of a well-developed sa l in i ty  maximum and the 

isotherm position indicates tha t  the Gulf 'stream i s  well t o  the east  

of our s ta t ions.  Sa l in i t ies  decrease near the coast. There i s  a lso 

an indication of offshore flow of low sa l in i ty  water a t  mid-depth in 

the middle shelf .  There are no we1 1-developed oxygen minima. 

In Section I11 (Figure 29) there are indications tha t  the Gulf 

Stream i s  near the shelf break. None of the isopycnals or isotherms 



slope down to the west and the presence of a sa l in i ty  maximum indicate 

that  the Gulf Stream i s  closer to  the shelf .  20 '~ water i s  s t i l l  a t  the 

shelf break and accompanied by h i g h  nutrient concentrations. 

In Section IV (Figure 30) the position of the isohalines indicates 

that  the Stream is s t i l l  near the shelf break. Nutrient concentrations 

are  low because of the Gulf Stream position. 

In Section V (Figure 31) a current reversal i s  indicated near the 

shelf break. The isotherms and isopycnals dip a t  about 100 m near the 

shelf break. Nutrient concentrations are higher. 

Section VI (Figure 32) represents an eastern movement of the 

Stream with a current reversal indicated. This could be caused by an 

eddy l ike  feature. The presence of h i g h  sa l in i ty  water (36.5O/oo) a t  

shallow depths (Stations 58 and 59) confirms this  conclusion. High  

nutrient concentrations a1 so accompany the high sal ini  ty water and 

nutrient concentrations i n  the shelf waters have been raised. I t  i s  

concluded tha t  water had intruded into these shelf waters and then was 

cut o f f ,  which i s  typical for  the intrusion process. 

DISCUSSION ' 

In the previous sections the data were examined by plott ing i n  

horizontal and vertical  planes. In th i s  section, we will look a t  the 

relationship between the parameters, such as the temperature-sal ini  ty . 

relationship. In addition we will calculate new parameters based on the 

original observations. 

Freshwater Volume 

The offshore dis t r ibut ion of r iver  runoff (freshwater) i s  a useful 

indicator of the potential distribution of a r iver  borne pollutant and 

of the gross circulation and diffusive character is t ics  of shelf waters. 



Freshwater volume i s  the amount o f  f reshwater  (sO/oo = 0) i n  m 3  

r e q u i r e d  t o  reduce the  s a l i n i t y  o f  a  water column ( 1  m2) a t  36'/00 t o  

t h e  observed s a l i n i t y .  The key assumption i s  t h a t  Georgia B i g h t  waters 

would have a  s a l i n i t y  o f  36.0°/oo i f  no r u n o f f  waters were present.  A t  

any geographic l o c a t i o n  t h e  amount o f  requ i red  f reshwater  t o  a f f e c t  the  

observed s a l i n i t y  reduc t i on  i s :  

n -1  72-(Si+Si+i) 
f reshwater  volume = C [ 1- (zi-zi+l) 

i = 1  7  2  

where n  = number o f  depths sampled 
72 = tw i ce  the  base s a l i n i t y  
S i  = observed s a l i n i t y  a t  depth Z i  
Z i  = depth o f  sample i 

Th is  c a l c u l a t i o n  i s  made f o r  each oceanographic s t a t i o n  y i e l d i n g  a  s e t  

3  2  of values f o r  f reshwater  volume i n  m /m t h a t  can be p l o t t e d  and con- 

toured  as shown i n  F igure  33. 

D r i f t  B o t t l e  Returns 

The d r i f t  b o t t l e  r e t u r n s  (F igu re  34) e s s e n t i a l l y  con f i rm  t h e  

r e s u l t s  o f  Bumpus (1973). The o f f s h o r e  re leases were w i t h i n  45 km o f  

t h e  coas t  and n o t  sub jec t  t o  t h e  d i r e c t  i n f l u e n c e  o f  t he  G u l f  Stream 

which dominates f l o w  a t  the  she l f  break. Thus these r e t u r n s  i n d i c a t e  t he  

general  d i r e c t i o n  o f  c i r c u l a t i o n  o f  t h e  s h e l f  waters. 

The September r e t u r n s  (E-13-73) a l l  i n d i c a t e  a  sou the r l y  f l o w  w i t h  

v e l o c i t i e s  g rea te r  than 20 km/day. The very  h igh  r e t u r n  r a t e  and 

c o n s i s t e n t  southern d i r e c t i o n  imp1 i e s  a  s t rong  coherent f l o w  du r i ng  t h i s  

ti me. 

The December 1973 re lease had.no r e t u r n s  a l though the  re lease 

p a t t e r n  was s i m i l a r  t o  t h e  September re lease.  



The A p r i l  1974 re tu rns  were a l so  sparse w i t h  on l y  two b o t t l e s  

returned.  They i n d i c a t e d  a weak n o r t h e r l y  flow. 

The J u l y  1974 re tu rns  were h igh  w i t h  a s t rong n o r t h e r l y  f l o w  i n  the 

nor thern  p a r t  o f  the Georgia B i g h t  and a souther ly  f l o w  i n d i c a t e d  i n  the  

inshore  p a r t  o f  the southern p a r t  o f  the  B igh t .  The J u l y  data may i n d i c a t e  

the t r a n s i t i o n  from a predominant northward f l o w  i n  the w in te r ,  sp r i ng  

and e a r l y  summer t o  a souther ly  f l o w  i n  l a t e r  summer and f a l l .  

.Apparent Oxygen U t i l i z a t i o n  

I n  deeper ocean waters the  decomposit ion o f  p l a n t  and animal 

t i s s u e  produces h igher  concentrat ions o f  phosphate, n i t r a t e ,  and s i l i -  

ca te  and reduces the  amounts o f  oxygen present :  the  o x i d a t i o n  process 

consumes oxygen. The l oss  o f  oxygen i s  measured by sub t rac t i ng  the  

measured amount (02) from t h a t  which should be there  i f  no o x i d a t i o n  had 

occurred. The amount o f  O2 t h a t  should be i n  s o l u t i o n  i s  the s a t u r a t i o n  

value (Oh) which i s  the  amount o f  O2 t h a t  d isso lved i n  seawater i f  t h a t  

water i s  e q u i l i b r a t e d  w i t h  a i r  a t  the  observed temperature and s a l i n i t y .  

The apparent oxygen u t i l i z a t i o n  (AOU) i s  02 - 02. Since the  oxygen loss  

(AOU) i s  dependent on b i o l o g i c a l  o x i d a t i v e  processes i t  i s  p ropo r t i ona l  

t o  t he  n i t r a t e ,  phosphate, and s i l i c a t e  produced. The h igh  AOU ( low 

oxygen) water (F igures 35-38) u s u a l l y  i n c l i n e d  w i t h  depth as d i d  the  

isotherms. These values, a l though low, a re  n o t  i n  any way r e s t r i c t i v e  

t o  b i o l o g i c a l  a c t i v i t y .  The i n i t i a l  oxygen concentrat ions a re  5-6 m l  

02/1 so even an AOU o f  3 m l  02/1 leaves 2-3 m l  02/1 i n  the  water. While 

the  AOU i s  an i n t e r e s t i n g  parameter the  oxygen anomaly i s  i n  many ways 

more use fu l .  



Oxygen Anomaly 

The water f l o w i n g  n o r t h  i n  t he  G u l f  Stream has a t  l e a s t  two o r i g i n s .  

One i s  t h e  F l o r i d a  S t r a i t  between F l o r i d a  and Cuba. The second i s  the  

A n t i l l e s  c u r r e n t  which f lows northward i n  the  area eas t  o f  the  Bahamas. 

These waters have a  common o r i g i n  i n  the  c e n t r a l  n o r t h  A t l a n t i c  Ocean, 

however, t h e  path f o r  some water  i s  more c i r c u i t i o u s  than.o thers .  The 

waters t h a t  emerge from the  S t r a i t s  o f  F l o r i d a  have spent much t ime i n  

t h e  Caribbean Sea and the  G u l f  o f  Mexico and t h e i r  chemical character-  

i s t i c s  have changed. The G u l f  Stream water t h a t  t r a v e l e d  through the  

Caribbean and G u l f  o f  Mexico has lower oxygen conten t  than water o f  an 

i d e n t i c a l  temperature t h a t  moved i n  the  A n t i l l e s  cu r ren t .  The amount 

o f  t h i s  d i f f e r e n c e  i s  t he  oxygen anomaly. Thus t h i s  t r a c e r  i s  use fu l  t o  

d e f i n e  the  two water masses and was o r i g i n a l l y  discussed by Rossby 

(1936). Since the  t r a c e r  i n d i c a t e s  water o f  t r o p i c a l  o r i g i n  i t  i s  

use fu l  i n  the  i n t e r p r e t a t i o n  o f  the s h e l f  f l o r a  and fauna which o f t e n  

has t r o p i c a l  components. 

Dur ing the  September c r u i s e  (E-13-73) (F igure  39) t he  zones o f  h igh  

oxygen anomaly co inc ided w i t h  temperatures o f  ca. 22'~. I n  Sect ions I 

through I V  t h e  oxygen anomaly water i s  n o t  abundant; however, Sec t ion  V 

shows l a r g e  amounts and what appears t o  be two masses. Th i s  c o r r e l a t e s  

w i t h  t he  temperature and d e n s i t y  s t r u c t u r e  which i n d i c a t e s  an eddy 

fea ture .  

Dur ing the  December c r u i s e  (E-19-73) (F igu re  40) t he  oxygen anomaly 

occurs i n  l a r g e  q u a n t i t i e s  i n  Sec t ion  V I  which co inc ides  w i t h  h igh  

n u t r i e n t  concentrat ions.  Cont ras t ing  Sect ion I 1  and V I  temperatures and 

oxygen anomaly t h e  oxygen anomaly occurs when the  isotherms ti lt up 

s teep l y  t o  the  con t i nen ta l  s lope. Th is  c o n d i t i o n  corresponds t o  an eas t  

p o s i t i o n  o f  t he  G u l f  Stream w i t h  no eddy s t r u c t u r e s  present.  



The E-3-74 data ( A p r i l )  (F igure  41) shows the  p a t t e r n  d isp layed 

prev ious ly .  Where the  isotherms i n d i c a t e  an eddy s t r u c t u r e  we f i n d  

oxygen anomaly water a t  the  s h e l f  break. 

Data from Cruise E-12-74 ( J u l y )  (F igure  42) shows the  most amounts 

of oxygen anomaly. Th is  c o r r e l a t e s  w i t h  the  eddy s t r u c t u r e  present  i n  

many of the  sec t ions  ( I ,  111, V, and V I ) .  

The d i s t r i b u t i o n  o f  the anomaly i s  d i f f i c u l t  t o  p r e d i c t  a l though i t  

does c o r r e l a t e  w i t h  the  presence o f  eddies ( isotherms t i 1  t i n g  down t o  

the  west) and poss ib l y  w i t h  Gu l f  Stream pos i t i ons .  The impor tan t  

observat ion i s  the extreme v a r i a b i l i t y  o f  the p o s i t i o n  and amount o f  

anomalous water. This  cou ld  be p a r t l y  due t o  b ias  induced by our  

d i s c r e t e  sampling, however we f e e l  more i s  ind ica ted .  It i s  i nd i ca ted  

t h a t  the  amounts o f  var ious water masses vary w i t h  t ime i n  the G u l f  

Stream. 

Summarized Hor izonta l  E f f e c t  o f  Runoff  and In t rus ions .  

The o f f sho re  e x t e n t  o f  r u n o f f  and the  onshore ex ten t  o f  i n t r u s i o n s  

were determined from alq the data t o  see i f  a  p a t t e r n  e x i s t s .  The 

composite data (F igures 43-46) f o r  the  f o u r  c ru ises  are  summarized i n  

Table 2. Runoff  averages 56 km o f f sho re  i n  the n o r t h  b u t  less  than 3  km 

i n  the  south. Conversely i n t r u s i o n s  extend onshore an average o f  20 km 

b u t  extend much f u r t h e r  onshore i n .  the  south than the  nor thern  p a r t  o f  

the  area. 

The Ranges o f  Temperature 

The annual range i n  water temperature i s  impor tan t  s ince  i t  w i l l  

e f f e c t  animal growth r a t e s  or ,  i n  extreme cases, the  s u r v i v a l  r a t e .  

While the  nearshore waters have an annual range o f  1 2 . 3 ~ ~  the  o f f sho re  

sur face waters have an average range o f  6 . 4 ' ~  and the  she l f  break 

bottom waters an annual range o f  4.2'~. This r e s u l t s  from the  i n f l u e n c e  



TABLE 2 

Average o f f sho re  ex ten t  o f  runoff 

Sect ion I 56.5 - + 33.3 

Average f o r  a l l  sec t ions  33.4 5 24.7 km 

Average inshore  e x t e n t  o f  
i n t r u s i o n s  

Sect ion I 15.5 5 17.2 

I I 12.8 5 10.5 

I11 27.3 - + 9.5 

I V 11.5 5 1.3 

Average f o r  a l l  sec t ions  



of the Gulf Stream. The nearshore waters are  subject to  extreme cooling 

and heating causing the large annual range. The offshore surface waters, 

while a lso subject to seasonal heating and cooling are  moderated by the 

consistently warm Gulf Stream waters. The deep waters offshore are  not 

subject to  atmospheric cooling or  heating; b u t  only minor variations 

caused by Gulf stream meandering. 

These resul ts  are  important to f isheries  sin.ce many tropical 

species cannot tolerate  the large temperature ranges observed in the 

nearshore waters. However they can tolerate  the minor temperature 

ranges i n  the deeper waters a t  the shelf break. 

T-S Re1 ationshi p 

The relationship of temperature to  sa l in i ty ,  a T-S plot ,  i s  a 

standard oceanographic procedure used to  analyze data. In the central 

oceans the TS plot i s  very character is t ic  for  each ocean and each depth 

i n  t ha t  ocean ( i . e . ,  water of 1 0 ' ~  always has a sa l in i ty  of about 

35.0°/oo). The relationship i s  very predictable for  subsurface waters. 

However, surface waters can easi ly  change temperature because of atmo- 

spheric conditions, and the sa l in i ty  may change as a resu l t  of runoff, 

ra in,  or evaporation. Therefore, while the T-S relationship of deeper 

waters such as the deeper Gulf Stream waters i s  constant, the T-S rela- 

tionship of Georgia shelf waters i s  quite variable depending on the 

season. Figure 47 shows the T-S plots for  the four cruises. 

The early winter cruise i s  a time of minimum temperatures and low 

runoff, consequently observed temperatures were a t  a minimum and s a l i n i t i e s  

were relat ively high. 

During April 1974, which i s  during the h i g h  runoff and warming 

season, higher temperatures were observed and the lowest s a l i n i t i e s  of 

any cruise.  



I n  J u l y  1974, du r i ng  a p e r i o d  o f  h ighes t  temperatures and decreas- 

i n g  r u n o f f ,  h i ghe r  temperatures were observed and lower s a l i n i t i e s  than 

i n  September 1973 when r u n o f f  i s  lower.  

The T-S r e l a t i o n s h i p  o f  s h e l f  water  c l o s e l y  r e f l e c t s  t he  runoff  and 

a i r  temperature. That  r e l a t i o n s h i p  i s  shown i n  t he  f o l l o w i n g  schematic 

(F igu re  48) .  This  diagram was made by t a k i n g  the  minimum observed s a l i n i -  

t i e s  and temperature f o r  t he  f o u r  c ru ises ,  p l o t t i n g  them (heavy do ts )  

and then connect ing the  dots.  Th is  represents t he  seasonal c y c l e  o f  

s a l i n i t y  and temperature i n  t he  nearshore zone f o r  t he  whole coast .  The 

p a t t e r n  r e f l e c t s  t he  combined e f f e c t  o f  seasonal ly  vary ing  temperatures 

and r u n o f f  t h a t  peaks i n  t h e  l a t e  w i n t e r  and again i n  the  l a t e  summer. 

Thus f rom January t o  A p r i l  t h e  water  cont inues t o  warm, b u t  t h e  r u n o f f  

decreases causing s a l i n i t y  t o  increase.  From J u l y  t o  September t he  

temperatures s t a b i l i z e  w h i l e  r u n o f f  increases, decreasing t h e  s a l i n i t y .  

F i n a l l y ,  f rom October t o  December t h e  temperature decreases, because of 

1 owering a i r  temperature, w h i l e  s a l  i n i  ty increases because o f  decreased 

r u n o f f .  This  i s  caused by the  sub t rop i ca l  r u n o f f  p a t t e r n :  t h e  r u n o f f  

p a t t e r n  i n  most temperate areas i s  unimodal. 

Nitrate-Phosphate-Si l icate-Temperature Re la t ionsh ips  

The var ious r e l a t i o n s h i p s  between n i t r a t e ,  phosphate, s i  1 i c a t e  and 

temperature a re  use fu l  t o  con f i rm  the  q u a l i t y  o f  t he  data and t o  e l u c i -  

da te  some o f  t he  chemical, b i o l o g i c a l ,  and' phys ica l  processes a t  work. 

The r a t i o  between n i t r a t e  and phosphate concent ra t ions  i n  deeper 

water i s  u s u a l l y  16: l .  Th is  r e s u l t s  f rom the  1 6 : l  r a t i o  o f  N t o  P i n  

phytoplankton t i ssue .  The subsequent b a c t e r i a l  m i n e r a l i z a t i o n  o f  t h i s  

t i s s u e  i n  deep water produces the  observed 16 : l  r a t i o .  A l l  o f  our  



nitrate-phosphate data i s  plotted in Figure 49. The theoretical 16 to  

1 l ine  i s  a lso shown. Note tha t  a t  low concentrations there i s  usually 

excess phosphate w i t h  respect t o  n i t ra te .  These samples are  from 

shallow areas where n i t r a t e  i s  consumed and not quickly released while 

phosphate i s  quickly released. 

The plot of n i t r a t e  vs AOU (apparent oxygen u t i l iza t ion;  Figure 50) 

demonstrates that  n i t r a t e  i s  produced a t  the expense of oxygen: an 

oxi dati onlreducti on reaction. 

Since a l l  nutrient concentrations generally increase with depth and 

temperature decreases one may expect a relationship between these 

parameters. Figure 51 shows a n i  trate-temperature plot of a l l  of our 

data. A t  lower temperatures the relationship i s  very consistent and 

essentially allows one to  predict n i t r a t e  given the water temperature. 



CONCLUSIONS 

The preceding data presentation and discussions make many points . 

I t  should be apparent that many things about the Georgia Bight are 

predictable. Temperature-sal i ni ty re1 a t i  onshi ps and patterns are consis- 

tent and reasonably predi ctable as are the nutrient relationships . 
Knowledge of the processes that control these i s  where we fa l l  short. 

Intrusions, although easily recognized, are n o t  understood. We do n o t  

know t o  what extent they occur or how often. The distribution of 

freshwater in the offshore waters i s  also easily detected b u t  we do n o t  

understand the forces that disperse the waters and produce the distribu- 

tion we observe. 

The understanding of these processes i s  more important in many 

cases than knowing the distribution of some compound resulting from the 

process. We must know the process i f  we are t o  make reasonable judgments 

concerning the effects of man's act ivi t ies on the ocean system. 
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Figure 1. S t a t i o n  l o c a t i o n s ,  Cruise E-13-73 



Fi 'gure 2. S t a t i o n  Locat ions,  Cru ise  E-19-73 



F i g u r e  3. S t a t i o n  Locat ions,  C ru i se  E-3-74 



Figure 4. Station Locations, Cruise E-12-74 
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Figure 5. .Surface Temperature 



Figure 6. Bottom Temperature 
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Figure 9. Bottom Nitrate 
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Figure 12. Vertical Section, Cruise E-13-73, Section I11 
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Figure 13. Vertical. Section, Cruise E-13-73, Section IV 
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F i g u r e  33. D i s t r i b u t i o n  o f  F reshwate r  
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F igu re  35. Apparent Oxygen U t i l i z a t i o n ,  Cru ise E-13-73 
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Figure  37. Apparent Oxygen U t i l i z a t i o n ,  Cruise E-3-74 
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Figure 38. Apparent Oxygen Utilization, Cruise E-12-74 
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Figure 40.  Oxygen Anomaly (ml 02/L), Cruise E-19-73.
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Figure 41.  Oxygen Anomaly (ml 02/L), Cruise E- 3-74.
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Figure 47. Temperature-Sal i n i  t y  Plot  
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Figure 48. Schematic Seasonal T-S Plot 



Figure 49. phosphate- itr rate P l o t  



Figure 50. Nitrate-Apparent Oxygen Utilization Plot 
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Figure 51. Nitrate-Temperature Plot 


