
RECENT ADVANCES IN  OCEANOGRAPHIC 
OPERATIONS ABOARD 

U .S. N. OCEANOGRAPHIC SURVEY VESSELS
(Lecture delivered on 16 th  March 1951 a t the Oceanographic Museum, Monaco, 

by Mr. Robert B. A b e l , Chief Scientist, U. S. S. Rehoboth and San Pablo).

A b o u t five  years ago w hen  i t  was fe l t  th a t  m ore com ple te  ce n tra liza tio n  
o f  the  oceanographic p rogram s u n d e rw a y  in  th e  U .S . M i l i ta r y  E s ta b lish m en t 
was needed, th e  D iv is io n  o f  O ceanography was organized in  th e  H yd ro g ra p h ic  
O ffice.

I t  was, how ever, n o t u n t i l  tw o  years la te r  th a t  th e  tw o  vessels U .S .S . 
Rebohoth and U.S.S. San Pablo w ere assigned to  th e  te ch n ica l co n tro l o f  th e  
H y d ro  grap her fo r  opera tions in  oceanographic research and survey.

L a rg e r th a n  th e  average ship o f  th e  ty p e  used in  th is  w o rk , th e y  are 328 
fee t long  w ith  a d isp lacem ent o f  a bou t 2700 tons. T h e ir  c ru is ing  speed is 12-15 
kno ts , and range is ove r 6000 m iles. T he  ships n o rm a lly  c a rry  a bou t 140 
en lis ted  m en, 12 officers, and betw een 5 and 9 scientists.

As th e  vessels w ere o r ig in a lly  sm a ll seaplane tenders, m o d ifica tions  such 
as conversion o f  space to  labo ra to ries  and d ra ft in g  room s and a d d itio n  o f  w inches 
and o th e r specia lized equ ipm e n t had to  be ca rried  o u t before th e  oceanographic 
p rog ram  cou ld  be successfu lly prosecuted.

As yo u  w i l l  see, o u r oceanographic opera tions are ca rried  o u t p r im a r i ly  in  
th ree  spaces reserved fo r  th e  purpose :

O u r b a th y th e rm o g ra p h  and N ansen b o tt le  observa tions are based in  th e  
deck la b o ra to ry  ; th e  chem ica l analyses are ca rried  o u t in  lo w e r la b o ra to ry  
space, and ce rta in  specialized e lec tron ic  e q u ipm e n t to  be described s h o rtly  is 
housed in  th e  c h a rt room .

In  a d d itio n , one large co m p a rtm e n t has been conve rted  fo r  d ra ftin g , office, 
and l ib ra r y  space, and a la rge  p h o to g ra p h ic  la b o ra to ry  is s itu a te d  on th e  a fte r 
deck.

F o r Nansen b o tt le  and o th e r s im ila r k in d s  o f  lo w e rin g  operations, a new  
ty p e  o f  w in c h  has been designed and  has been, used aboard , m ost successfully, 
fo r  n e a rly  tw o  years. The h y d ra u lic  speed co n tro l is co n tin u o u s ly  va ria b le  
fro m  zero to  th e  m a x im u m  speed w h ich  w o u ld  raise th e  b o ttle s  i f  so desired a t 
th e  ra te  o f  abou t 600 m e tre s /m in u te . A n  a ir  pressure ty p e  o f  accum u la to r succeeds 
in  n u U ify in g  th e  e ffec t o f  th e  v a ry in g  te n s io n  on th e  w ire  due to  sh ip ’s ro ll.  
Stainless steel w ire  is  used and a lth o u g h  expensive, has a l ife tim e  m a n y  tim es 
th a t  o f  th e  ga lvan ized. F o r o th e r a c tiv it ie s , ava ilab le  w inches range in  size 
fro m  th e  15 horsepow er B T  winch, to  th e  deep-sea ancho ring  w in ch , also used 
fo r  d redg ing  and coring .

T he  la rge  size o f  th e  ships and th e  a v a ila b il i ty  o f  m anpow er and m odern  
m ach ine ry  have increased th e  scope o f  a c t iv i ty  app rec iab ly . M r. Thom as 
A u s tin  in  h is  re p o r t in  Am erican. N a v a l In s t itu te  Proceedings has covered th a t  
p o rt io n  o f  th e  w o rk  done aboard these ships w h ic h  is o f  a ro u tin e  n a tu re  ; how e
ve r, i t ’s q u ite  e v id e n t th a t  th e  ra p id  expans ion  o f  oceanography has resu lted  
in  a s h iftin g  o f emphasis fro m  th e  N ansen b o tt le  to  th e  deve lopm ent o f e lec tron ic  
devices th e  b e tte r  to  exp lore  th e  oceans.

W ith  y o u r perm iss ion  I  shou ld  l ik e  to  describe some m ore recen t advances 
in  oceanographic e q u ipm e n t as app lied  to  o u r p rob lem s and operations.



Since i t  has been b u t re c e n tly  th a t  th e  H y d ro g ra p h ic  O ffice has engaged 
in  oceanography on its  p resent la rge  scale, i t  is v e ry  p robab le  th a t  m a n y  o f  th is  
d is tin g u ish e d  g a the ring  have d e a lt w ith  o r are deve lop ing  in s tru m e n ta tio n  
a long th e  same lines , v e ry  l ik e ly  o f  a m ore pe rfe c t n a tu re  th a n  m u ch  o f  th a t  
w h ic h  is  a b o u t to  be described. I  sha ll, a cco rd ing ly , welcom e y o u r c ritic ism s  
and  suggestions.

D esigned to  com bine th e  fea tu res o f  th e  N ansen b o tt le  and b a th y th e rm o 
g raph , th e  S p ilh a u s -M ille r m u lt ip le  sea-sam pler developed a t th e  W oods H o le  
O ceanograph ic In s t itu t io n  has p ro ve d  m o d e ra te ly  successful w hen  used in  deep 
ocean w o rk . A lth o u g h  th e  co n s tru c tio n  in  general is  s im ila r to  th a t  o f  th e  
s ta n d a rd  b a th y th e rm o g ra p h , th e  b o d y  is r in g e d  w ith  tw e lve  sm a ll sam ple 
con ta ine rs , th e  closing m echanism  o f w h ic h  is opera ted  successively b y  a cen
t r a l  p ressu re -ac tiva ted  be llow s. Samples m a y  be o b ta ined  a t speeds u p  to  
15 k n o ts , and  a t depths as lo w  as 200 m etres. T he  tim e -sa v in g  fea tu res o f  th is  
appa ra tus  are a t once appa ren t. I t s  advantages re s u lt fro m  sa m p lin g -d e p th  
l im ita t io n s  im posd  b y  the  sped o f th e  ship and  th e  necessarily  sm a ll size 
o f  th e  sam ples ob ta ined , abou t 123 m il.  o r o n e -te n th  o f  th e  s tanda rd  N ansen 
b o tt le  ca p a c ity . T h is  in s tru m e n t has been used m ost successfu lly in  coasta l 
w a te rs  w here  ra p id  sam p ling  is  desired and sha llow  w a te r encoun te red .

A  n ew  echo sounder, construc ted  b y  th e  Edo Corp. has been fo u n d  to  
exceed in  pe rfo rm ance  any  o th e r appara tus  o f th is  ty p e , i ts  o u ts ta n d in g  charac
te r is tic s  be ing  its  range, d e p e n d a b ility , and c la r ity  o f  trace .

I n  lin e  w ith  deep sca tte ring  la y e r  in ve s tig a tio n s , we have equ ipped  one 
o f  o u r ships w ith  ne ts and a depressor u n i t  o f  th e  ty p e  developed a t th e  Scripps 
In s t i tu t io n  o f  O ceanography. I t  is p lanned  to  to w  these nets a t 6 kn o ts  a t 
dep ths  up  to  1000 fa thom s. Since th e  com pos ition  |o f th e  sca tte rin g  la y e r 
rem a ins  a m y s te ry , m uch  a tte n tio n  is  be ing  focused on these expe rim en ts  
a lth o u g h  i t  is  as y e t  too  e a rly  fo r  a n y  s ta te m e n t as to  th e  progress o f th is  p ro je c t.

C o n ve n tio n a l e qu ipm en t in  long  t im e  use has sufficed fo r  c u rre n t m easure
m en ts  on anchor s ta tio n  ; th e  geom agnetic e łe c tro k in e to g ra p h  has been opera ted  
fo r  o ve r tw o  years to  measure c u rre n t v e lo c ity  and d ire c tio n  w h ile  un d e rw a y . 
T he  nam e its e lf  p rov ides adequate] descrip tion ] o f  th e  th e o ry  : th a t  th e  m agne tic  
f lu x  o f  th e  e a rth  w hen trave rsed  b y  e lec tro ly tes  induces an E M F  in  those e le c tro 
ly te s , in  th is  case, ocean cu rren ts . T he  appara tus as developed b y  V o n  A r x  a t 
W oods H o le  consists essen tia lly  o f  a p o te n tio m e te r on board  w h ic h  records 
c o n tin u a lly  th e  p o te n tia l d ifference be tw een  a p a ir  o f  electrodes stream ed 
b e h in d  th e  sh ip  and th u s  ind ica tes  th e  com ponent o f  surface c u rre n t n o rm a l 
to  th e  sh ip ’ s course. C u rre n t m easurem ents are conducted  b y  th e  use o f  a 
v a r ie ty  o f  sa ilin g  “ p a tte rn s ”  a ll o f  w h ic h  in v o lv e  th e  d e te rm in a tio n  o f  tw o  
com ponents  o f th e  cu rre n t b y  m easurem ents m ade on tw o  courses, u s u a lly  a t 
r ig h t  angles to  each o the r, and th e  ca lcu la tio n , fro m  these vec to rs , o f  th e  re s u lta n t 
d ire c tio n  and v e lo c ity  o f  th e  surface cu rre n t. T h e  e q u ipm e n t w orks  q u ite  
s a tis fa c to r ily , and  fo rm ed  th e  spearhead, so to  speak, o f  th e  a tta c k  upon  th e  
G u lf  S tream  d u r in g  ope ra tion  C A B O T  d u rin g  June  o f  1950.

A s has been seen fro m  th e  fo rego ing , th e  accent in  m o d e m  oceanography 
is n o t o n ly  up o n  a u to m a tic  m easurem ent, b u t upon  u n d e rw a y  ope ra tio n . J u s t 
as th e  sea sam ple r gathers samples and measures te m p e ra tu re  u nde r w a y  and th e  
geom agnetic  e le c tro k in e to g ra p h  like w ise  de te rm ines c u rre n t, th e  u n d e rw a y  b o t
tom s am p le r, also called the  “ scoop fish ” ，developed a t ColumJbia U n iv e rs ity  
has been used fo r  u n de rw ay  b o tto m  sam p ling  w ith  v a ry in g  success b y  A m e rica n  
and  C anadian oceanographers. T he  e ffe c t is  s im ila r  to  th a t  o f  a b a th y th e rm o 
g raph  w ith  an open cy lin d e r w ith  c u tt in g  edges in  i ts  nose. T he  assem bly is 
low e red  in  th e  same m anner as th e  b a th y th e rm o g ra p h . H o w e ve r, as th e  
in s tru m e n t s tr ike s  b o tto m , a co n ta c t tr ig g e r  m echan ism  snaps a l id  sh u t on 
th e  c y lin d e r, e ffe c tiv e ly  c a p tu r in g  th e  sam ple. T he  l im ite d  success o f  th is  
assem bly is due to  th e  im p o rta n ce  o f  w e ig h t d is tr ib u t io n  and f in  o r ie n ta t io n ,



poor a d ju s tm e n t o f  w h ic h  has o fte n  caused th is  in s tru m e n t to  be in o p e ra tive  
in  any  b u t th e  sha llow est w a te r and a t slowest speeds.

F o r deep -bo ttom  sam pling  a p is to n  corer as m o d ifie d  b y  E w in g  a t W oods 
H o le  has been used w ith  success on a ll o f  th e  re cen t cruise. E ng inee ring  
im p rovem en ts  have made cores possible in  a lm ost a n y  d e p th  o f  w a te r. The 
cores them selves average a p p ro x im a te ly  30-40 fe e t in  le n g th .

A  p ro g ra m  o f  seism ology has been v e ry  re c e n tly  in it ia te d  aboard th e  su rvey 
vessels. T he  tw o  seism ic techn iques o f re fra c tio n  and re fle c tio n  have been 
adopted fro m  m ethods w id e ly  used in  o il-p ro sp e c tin g  on land .

The te m p e ra tu re -s a lin ity -d e p th  reco rde r (S T D ) has been used b o th  under 
w a y  and on s ta tio n  b y  o u r ships b u t proves m ore  e ffec tive  m  coastal w a te rs  
where la rg e r g rad ien ts  are encountered. T e m pe ra tu re  is m easured b y  a resis
tance th e rm o m e te r w h ich  m o tiva te s  a slide w ire  and recorder a rrangem ent. 
D e p th  is de te rm ined  b y  a be llow s assem bly and is recorded in  a s im ila r m anner 
to  th a t  o f  tem pera tu res . C o n d u c tiv ity  is determ ined, b y  an o rd in a ry  b ridge  
c irc u it , and s a lin ity  is a u to m a tic a lly  com puted  and recorded as a fu n c tio n  o f 
c o n d u c tiv ity  and te m p e ra tu re . A  con tinuous read ing  o f  te m p e ra tu re  and 
s a lin ity  m a y  be ob ta ined  b y  e lim in a tin g  th e  d e p th  reco rd ing  assem bly and 
using th e  in s tru m e n t as a p e rm a n e n tly  in s ta lle d  overside u n it ,  o r th e  recep to r 
u n it  m a y  be low ered  on a cable and a con tinuous v e r t ic a l section o f  s a lin ity  
and te m p e ra tu re  m a y  be ob ta ined . T h e  la t te r  m e thod  has been used a d va n ta 
geously aboard  sm a ll boa ts  o p e ra ting  in  inshore  areas.

C hem ica l oceanography, excep t fo r  s a lin ity  and d issolved oxygen  d e te rm i
na tions  has n o t, u p  to  th e  p resent t im e , been prosecuted to  a n y  g reat e x te n t 
aboard o u r vessels. R e ce n tly , how ever, i t  has been decided to  add a lim ite d  
p ro g ra m  o f n u tr ie n t io n  analyses. Toward, th a t  end, a seagoing p h o tom e te r 
has been ob ta ined  fro m  W oods H o le  to  be used in  c o lo rim e tr ic  analyses. I t  is 
a s im p le  in s tru m e n t cons is ting  o f a la m p  sending tw o  beams o f l ig h t  th ro u g h  
a d ju s ta b le  apertu res, p rism s, and sam ple cells to  a p a ir  o f pho to e le c tr ic  cells. 
The degree o f  m a n ip u la tio n  necessary to  balance th e  re s u lta n t in te n s ities  o f 
th e  l ig h t  beams as in d ica te d  b y  a ga lvanom ete r o r e le c tric  eye i& a fu n c tio n  o f 
th e  co n ce n tra tio n  o f  th e  co lo r in  th e  sam ple. O ve r a pe riod  o f  fo u r years th is  
in s tru m e n t has p ro ve d  its e lf, a t sea, to  be re lia b le  and  eas ily  operated.

The tim e -h o n ou re d  K nudsen  m e thod  fo r  s a lin ity  analysis has p ro ve d  
re s is ta n t to  m ost a tte m p ts  a t m a jo r m o d ific a tio n . H ow eve r, th is  is an e lec tron ic  
age and i t  was in e v ita b le  th a t  due to  th e  tim e -consum ing  and exac ting  n a tu re  
o f th e  ana lys is , sooner o r la te r  a m e thod  w o u ld  be developed to  render th e  jo b  
n e a rly  a u to m a tic  in  ope ra tion , re ta in in g , a t th e  same tim e , th e  s e n s it iv ity  and 
precis ion  o f  th e  K nudsen  t i t r a t io n .  T he  U .S . H y d ro g ra p h ic  Office and th e  
W oods H o le  Oceanographic In s t itu t io n  are a t th e  p resent tim e  conduc ting  
s im u ltaneous eva lua tions  o f  tw o  in s tru m e n ts  deve loped b y  A m erican  research 
labo ra to ries . B o th  these in s tru m e n ts  are a lle g e d ly  as accurate as th e  K nudsen  
t i t r a t io n ,  and b o th  are fu l ly  a u to m a tic  in  ope ra tion . T he  m e thod  is based on 
a p o te n tio m e tr ic  t i t r a t io n  using  a s ilv e r-s ilv e r ch lo ride  e lectrode system , w ith  
the  a m p lif ie d  p o te n tia l d r iv in g  th e  b u re tte , in  th is  case a large syringe. The 
d ifference betw een  th e  tw o  in s tru m e n ts  so fa r  seems to  be th a t  th e  one records 
the  end p o in t upon  a f lo w in g  tape , w h ile  in  th e  second case th e  vo lum e o f th e  
de live red  t i t r a n t  m u s t be read d ire c t ly  fro m  th e  b u re tte . The ra te  o f f lo w  
o f th e  t i t r a n t  can be ad jus ted  so as to  p reclude occlusion o f t i t r a n t  b y  th e  p re c i
p ita te . I t  is  fe l t  th a t  use o f such e q u ipm e n t w i l l  a id  in  reduc ing  th e  tim e  
and m anpow er re q u ire d  fo r  s a lin ity  ana lysis.

W ave  s tu d y  has long  been a p a r t o f  th e  O ceanographic S u rvey p rog ram , b u t  
i t  was n o t u n t i l  ju s t  before th e  presen t cruise th a t  deve lopm ent o f  an a u to 
m a tic a lly  reco rd ing  w ave-m ete r was com p le ted . T he  e qu ipm en t consists o f  a 
s ta ff, p ro tru d in g  fro m  w h ich  a t re g u la r in te rv a ls  is a set o f  spa rk-p lug  contacts.



As th e  s ta f f  osc illa tes in  th e  waves, a succession o f  e le c tr ica l c irc u its  are m ade 
and  b ro ke n , u lt im a te ly  a c tiv a tin g  a b ru sh  recorder. T he  re s u lta n t trace  gives 
a v e ry  c lear d e lin e a tio n  o f  th e  w ave h e ig h t and lengh . Since th is  in s tru m e n t 
is b u t  new  in  ope ra tio n , a p ro p e r e v a lu a tio n  o f its  w o r th  canno t as y e t be g iven , 
b u t we have expecta tions  o f  be ing  able to  m ake b e tte r  w in d -w a ve  co rre la tio n  
stud ies in  th e  fu tu re .

A  hyp e rse n s itive  te m p e ra tu re -d e p th  reco rde r is be ing  cons truc ted  b y  th e  
H y d ro g ra p h ic  O ffice fo r  use on fu tu re  cruises. O pera tions on. th e  la s t cruise 
recorded flu c tu a t io n s  o f  th e  o rde r o f  1°4 C. The  m easuring  u n it  consists in  
b r ie f  o f  a th e rm o p ile  w ith  a w e ll- in su la te d  reference ju n c tio n . C learer d e fin it io n  
o f  in te rn a l w aves is  expected fro m  th is  assem bly, since th e  s e n s it iv ity  o f  th is  
re ce p to r is  a b o u t 10 tim es th a t  o f  th e  b a th y th e rm o g ra p h .

A n  in te n s ive  lig h t-m easu rem en t p ro g ra m  has been in it ia te d  d u rin g  th e  past 
fe w  m on ths . One o f th e  ships has re c e n tly  been equ ipped  w ith  an Epply  
p y rh e lio m e te r assem bly cons is ting  essen tia lly  o f  one re ce p to r to  receive fro m  
th e  sea surface, and a p o te n tio m e te r reco rde r.

S im u lta n eo u s ly , m easurem ents o f  th e  l ig h t  p e n e tra tin g  th e  subsurface 
laye rs  are ta k e n , us ing  a subm arine  p h o to m e te r o f  th e  ty p e  used b y  C larke a t 
W oods H o le . S t i l l  m ore com ple te  know ledge  o f  th e  w a te r transpa rency  is 
ga ined th ro u g h  use o f a s tanda rd  h yd ro p h o to m e te r and a v e ry  recen t m o d ific a 
t io n  o f  th e  Secchi disc. T he  la t te r  appara tus appears as a la rge  w h ite  disc and 
a sm a lle r g rey one, b o th  o f  w h ic h  are m o u n te d  upon  a 1 0 -ft. ax le . W h e n  th e  
e n tire  assem bly is  subm erged, th e  g re y  disc is d ra w n  u p w a rd  u n t i l  th e  tw o  
discs appear equa l in  shade, a t w h ich  p o in t th e  w a te r tra n sp a re n cy  is a fu n c tio n  
o f  th e  d is tance  between, th e m .

T h is , gen tlem en, is a b r ie f  d e sc rip tio n  o f  new er in s tru m e n ta tio n  acqu ired  
b y  o u r su rve y  g roup  to  increase th e  scope o f  o u r su rvey  opera tions. M uch  o f 
i t  m a y  appear p r im it iv e  to  some o f  you . I  hope th a t  p a rts  th e re o f m ig h t have 
g iven  some one some ideas. O ceanography, as an in te rn a t io n a l science, w i l l  
eve r de rive  its  g rea test b e n e fit fro m  in te rn a t io n a l exchange o f  th o u g h t.


