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1.1. W ith  oceanographers there is no need to plead the cause of bathy ­
m etric surveys. Every one of us is aw are of the need for a good knowledge 
of bottom  topography and the detailed s tru c tu re  of its features, as well as 
for a good determ ination  of the geom etry of the w ater m ass. However, it 
will certain ly  be useful to stress the special requ irem ents of bathym etric  
surveys, for these are often considerably m ore stringen t th an  is the case 
where o ther oceanographic or geophysical data  are concerned, and  are 
som etim es poorly understood.

1.2. Not so very long ago, so soon as the depth was m ore th an  several 
tens of m etres the depth data  becam e both  difficult and  trick y  to obtain, 
and m oreover the position of the sounding vessel could not be accurate ly  
determ ined out of sight of land. F u rtherm ore , the very slow pace of bathy­
m etric surveys in oceanic depths necessarily  m ade these long term  pro jects. 
Until quite recently only a very few and  som ew hat inaccurate  reconnais­
sance surveys existed beyond the coastal zone, and  th is even w here the 
continental shelf is wide and  w here the area has great econom ic im por­
tance, p articu la rly  for fishing.

1.3. The trad itional techniques of bathym etric  surveys w ere d isrup ted  firs t 
by the appearance of the echo sounder, and  then afte r the  second W orld 
W ar by the developm ent of m ethods of accurate radio positioning a t 
increasingly greater ranges. W ithout going into the h isto ry  of these techni­
ques I m ay rem ark  th a t in their present s ta te  of developm ent echo-sounders 
are now alm ost the sim plest of an oceanographer’s in stru m en ts, as well as 
being the m ost reliable and the easiest to handle.

This being so, soundings risk  being considered a by-product of oceano­
graphic activ ity  outside the zones w here knowledge of them  is of direct



in terest to navigation, and not to m erit the efforts th a t H ydrographic 
Offices pu t into th is work. Obviously, in  view of the cost of keeping a ship 
at sea it w ould be senseless not to use the occasion to acquire the largest 
possible am ount of geophysical data a t the sam e tim e as depth  data. 
N evertheless it is the specific requ irem en ts of a bathym etric  survey th a t 
govern the survey’s detailed program m e. To take the case of continental 
shelf surveys only, these requ irem en ts essentially relate to :

a) D ensity  of soundings.
b) A ccuracy of positioning.

11.1. T rad itionally , soundings are  obtained by continuous analogue record­
ings w ith  an u ltrason ic  hull-m ounted  sounder. F or the range of depths 
encountered  on the con tinen tal shelf the  perform ance of these in strum en ts 
need not be exceptional, an d  so the standard ' sounders em ployed during  
the last 15 years will norm ally  suffice. Let us review briefly  the factors 
governing the accuracy.

11.1.1. Beam W idth .
An u ltrason ic  beam  of sm all w idth is not essential on the continental 

shelf, as is the case for areas w here the slope and depths are m ore p ron ­
ounced. The leading edge of the re tu rn  signal gives the bottom  depth 
d irectly  below the  sounder w ith  negligible error. Only a sm all and isolated 
obstruction  (e.g. a w reck) is likely to be p lotted w ith a positional erro r of 
the o rder of 100 m and  a height e rro r of the order of a few m etres. These 
are  sm all erro rs, and w ith  suitable w ork  procedures they can be reduced 
to negligible proportions. B riefly, sounders of s tandard  beam  w idth are 
en tire ly  sa tisfac to ry  for precise surveys of the continental shelf.

II. 1.2. Sounding  Accuracy.

This depends both on the so u n d er’s operational qualities and on the 
q u ality  of the corrections. As regards the firs t point, it is to be regretted  
th a t m an u fac tu re rs  of the classical in s tru m en ts  have not always given 
enough though t to regu la ting  the speed of the style-drive, as this is w hat 
conditions the accuracy  of the m easurem ent. Certain m anufactu rers  supply 
equ ipm ent in  w hich this essential elem ent is not always as accurate as the 
rest of the in strum en t. There do, however, exist today sounders th a t are 
en tire ly  satisfacto ry  from  this po in t of view7. F u rtherm ore  the availability 
of d ig ital recording (in addition to the classic analogue recording), a p ro ­
cedure th a t is a lready  used and one th a t is rap id ly  becoming generalized, 
will provide a very defin ite im provem ent since an entirely  electronic time- 
basis can  be used. A nother im provem ent m ight also resu lt from  the 
necessarily  m ore sophisticated  electronic processing of the re tu rn  signal.

As regard  the corrections, these concern both tides and velocity of 
sound. The m ean velocity of sound can be obtained w ith entirely  sa tisfac t­
ory  accuracy  by m eans of d irect hydrologie observations at the time of the 
survey. However, to obtain  a tidal correction th a t is tru ly  reliable poses 
a d ifficult problem . In areas w here the tidal am plitude is fairly  large — 
as fo r in stance along the E uropean  coasts of the A tlantic continental shelf
— it is ce rta in  th a t this is the m ajo r source of inaccuracy at present. Today, 
the determ ina tion  of tides depends on coastal observations and a knowledge,



necessarily  im perfect, of the netw ork of cotidal lines and  lines of equal 
tidal am plitude . In  the very near fu tu re , the  use of deepw ater tide gauges, 
capable of record ing  the tide in very deep w aters, w ill enable th is problem  
to be resolved. To m y knowledge no in s tru m en t of this type for use in  
depths of several h undred  m etres, as requ ired  in  a con tinen ta l shelf survey, 
is yet ac tua lly  in operational use.

II.1.3. Performances.

T here is an o th er im portan t cause th a t lim its the  acciiracv of sound­
ings. In o rder to m ake the best use of the sh ip ’s tim e, sounding w ork cannot 
be restric ted  to periods of fine w eather only. It is therefore essential th a t 
the perform ance of a sounder should deterio ra te  as little  as possible in 
re la tion  to the sta te  of the sea. Experience has show n th a t on adequately  
large vessels no t only can hu ll-m ounted  sounders, w hen com petently  fitted  
(i.e. w ith  th e ir bases standing  well aw ay from  the hull) give sa tisfac to ry  
reception (signal/no ise  ratio, absence of b lanks, etc.) even in sea states of 
4 or 5, bu t also th a t for continental shelf surveys it is no t necessary  to 
resort to  stabilized narrow -beam  sounders. T hese are m uch m ore costly 
and should  be reserved for the con tinen ta l slope and  for oceanic depths.

On the o th er hand , even if it is assum ed  th a t deck m ovem ent does no t 
decrease the accuracy  of the m easured depth, correction for the vertical 
m ovem ents of the transducers w ith  respect to  th e  m ean w ater level is 
essential. To the best of my knowledge there  is as yet no equ ipm ent in 
existence w hich can m ake this correction. In ac tu a l p ractice  w hen  the 
bottom  is regu la r the m anual sm oothing of th e  analogue record m akes it 
possible to obtain  bottom  topography w ith  acceptable accuracy. B ut w hen 
the bottom  has local irregu larities (rocky outcrops) or when its fea tu res 
are m icrotopographic (ripples) whose ap p a ren t w avelength w ould be very 
nearly  identical to th a t of the vessel’s vertical m ovem ent, then  all the 
details on the record  will be m asked by sm oothing. A tru ly  efficient sounder 
should be equipped  w ith  a device fo r cu ttin g  out swell, th u s  correcting  the 
m easu rem en t for the effect of vertical m ovem ents in  re la tion  to the m ean 
w ater level (and perhaps at the sam e tim e for the v aria tion  in  d rau g h t of 
the sounder’s bases) by m eans of p ressu re  an d  acceleration sensors and  
electronic in teg ra to rs. I believe th a t one m an u fac tu re r is a t p resen t study ing  
such equipm ent, and  I consider th a t th is  w ould  be significan t progress.

II.2. I have already  m entioned digital record ing  of soundings. T oday th is 
progress is an accom plished fact —  and equally  significant. Its use is 
certain  to become rap id ly  m ore w idespread  even though  the equ ipm ent is 
considerably m ore costly. In the firs t place its in te rest obviously lies in  the 
fact th a t it sim plifies the w ork of d a ta  processing, since as a ru le it cu ts 
out all m anual w ork in the firs t phase of the au tom ated  processing of da ta  
(the digitizing of data). D igital recording also p resen ts the already  noted 
advantage of increasing  the quality  of the  m easurem ent (the tim e base 
quality , the cu tting  out of range-change erro rs, etc.), provided th a t it is 
carefu lly  com pared w ith the analogue record. The la tte r m ethod should, 
however, be re ta ined  since it provides fu lle r in fo rm ation  th an  digital sound­
ing, and there are cases when it is im portan t th a t th is  in fo rm ation  should 
not be lost.



11.3. Thus, w ith  classical sounding  m ethods all we obtain is a series of 
d iscrete profiles of the bottom . A lthough th is w as an  im provem ent on the 
form er lead line soundings, w hich  only supplied scattered soundings, we 
are still a long way from  the ideal m ethod w hich w ould be to have a 
com plete p icture of the surface of the bottom  m uch in the sam e w ay 
as th a t provided by aerial pho tography  in  land surveying. The very recent 
appearance of horizontal beam echo sounding equipm ent gives us a poin ter 
to a possible solution to this problem . However, these in stru m en ts  —  the 
SONAL developed by the “In s titu t F rançais du  P é tro le”, for exam ple — 
supp ly  resu lts w hich are still m ain ly  qualitative, and  w hich m u st be 
in terp re ted  w ith  great care. A part from  possible fu tu re  im provem ents, it 
is certa in  th a t a lready  such in stru m en ts  :

(a) Are invaluable for com plem enting the study  of areas of m oderate 
or un iform  topography because they enable both localized topographic 
featu res and  isolated obstructions on an otherw ise uniform  bottom  to be 
positioned and  evaluated w ith very  good accuracy. It also m eans th a t the 
choice of profile in terval and in terpo la tion  procedures can be based on 
reliable inform ation .

(b) Supply p ictures w hich in  zones of com plex topography or m icro­
topography are extrem ely difficult to in terp re t. P rincipally , they perm it 
accura te  delim ita tion  of such zones, and  th is is of the greatest in te rest 
w hen p lann ing  the execution of soundings.

T here is, however, room  for fu r th e r  im provem ent.

11.4. The question  th a t arises bo th  before and d u rin g  a bathym etric  survey 
is the choice of a suitable density  for the sounding profiles. W e are guided 
in  th is by considerations th a t are essen tially  heuristic  — and also by others 
w hich are no t always entirely  hydrograph ic in natu re . W e have to 
com prom ise betw een the object of the survey and  the tim e and m eans th a t 
can be assigned to it. No general ru les can be given.

For exam ple, we can be guided by the scale of the desired product. 
T he profile in terval m ust accordingly be chosen so th a t the p lo tting  of 
con tour lines gives rise to the least possible am ount of in te rp re ta tion , 
account being taken  of all th a t is know n about the general ch arac te r of the 
topography in  the survey area. (T his m ay be defined by a carefu l study  
of certa in  well chosen sectors).

By com bining the use of a sounder and a SONAL we m ay also a ttem pt 
com plete cover of the whole survey zone. In th is case the profile in te rv a l’s 
upper lim it will be conditioned by the SONAL’s horizontal range, by the 
w id th  of the m asked strip  beneath  the ship, and  by the need to cover the 
distance twice if possible, w ith  th e  SONAL beam  pointing in  opposite 
directions.

In any case -  unless it is m erely  a question of a sim ple reconnaissance 
survey — the profile density  will alw ays need to be considerably higher  
Ilian for any oceanographic, geologic or geophysical study  of the sam e 
region. T hus it is sim ply the s tu d y  of the geom etry of the bottom  w hich 
finally  conditions the d istance to  be ru n  and the tim e to be spen t at sea.



111.1. The problem  of accurate positioning of a ship out of sight of land  
is today p ractica lly  resolved. So fa r as con tinen ta l shelf surveys are 
concerned, short and m edium  range radiolocation system s, appropriately  
used, continuously  supply a fix satisfying all the requ irem ents of accuracy 
and repeatab ility .

111.2. For m any years the F rench  H ydrographic Office has been using two 
phase m easurem ent radiopositioning system s —  RANA and TORAN — 
w hich both use frequencies between 1.5 and 2 m egacycles, and hence have 
suitable hyperbolic lanew idths. These system s perm it w ork under excellent 
conditions up to a distance of the order of 200 km  from  the coast, both by 
night and day. And this w ithout too m uch inconvenience, ap a rt from  a 
lim iting of the range by ionospheric propagation. For greater d istances 
the F rench  H ydrographic Office today uses a m ore pow erful version of 
TORAN, m aking  it possible, as experience has proved, to operate up to 
considerably m ore than  500 km  from  the  tran sm itte rs . This enables us to 
solve nearly  all the problem s of a continental shelf survey. At such 
distances, since the equipm ent does not include a special device for correct­
ing for ionospheric propagation, we are  obliged to  re s tric t operations to 
daylight h o u rs  w'hen the skywave m erely gives rise to tolerable fluctua tions 
of the m easured  phase. More precisely, we have to confine ourselves to the 
“rad ioe lectric” day. In sum m er this very nearly  coincides w ith  the solar 
day, bu t in  E uropean  latitudes is a good deal sh o rte r in w inter. W ith  this 
reservation  the m ean square error in positioning w ith  TORAN appears to 
rem ain  about 10 m over long distances.

These system s pose the problem  of lane identification  or “resolving 
the am bigu ity”. I do not w ant to en ter into the technical com plexities of 
TORAN, b u t I m ust m ention th a t th is problem  has no t yet been satisfac to r­
ily solved, and  th is m akes exploitation difficult. I t also renders the equip­
m ent (in its  classical form, as used by the F rench  H ydrographic Office) 
unsuitable for use in ord inary  navigation by ships lacking su itab ly  tra ined  
personnel. It is to  be hoped th a t suggested fu tu re  versions will e lim inate 
this draw back.

III.2.1. A t distances of over 500 km , a relatively accurate positioning 
rem ains possible w ith  such long-range system s as LORAN and OMEGA. 
On account of propagation fluctuations a t great distances, these system s 
norm ally provide an absolute position w ith  m uch less good accuracy th an  
TORAN, for example. However, we m ay consider such fluctua tions as 
rem aining fairly  insignificant over a period of several hours, and so the 
accuracy can be considerably im proved if we can  check the position 
frequently  and  then  reset the readings. The TRANSIT satellite navigation 
system perm its  such a re-setting  a t su itable in terva ls (of the order of 2 
to 4 hours). Thus, the com bined use of TRANSIT and  OMEGA, for 
example, should  be able to provide a perm anen t positioning anyw here a t 
sea w ith the  accuracy  of a TRANSIT position. It is difficult to evaluate this 
accuracy as th is  depends chiefly on the charac teris tics  of the vessel used 
and  the w ay it is navigated. It is probable th a t this accuracy can be 
improved. To give an order of m agnitude, let us fix it a t about 100 m.



III.2.2. I should m ention in passing th a t when a relatively better accuracy 
th an  th a t provided by radio-positioning is required, it rem ains possible, 
for a fa irly  sm all area, to set up a local positioning system  by laying a 
netw ork  of acoustic beacons.

III.3. M anufacturers of radionavigation m ateria l are now supplying re ­
ceivers able to sam ple positional data in digital form . In  the case of 
system s such as TORAN, th is advance follows the same general tendency 
tow ards au tom ation  in hydrographic surveying as the digitizing of sound­
ings. W hen TRANSIT and OMEGA are used in  com bination it will be 
difficult to see how they can be operated w ithout an onboard com puter 
capable of w orking out a fix in real time, or at least w ith a short enough 
delay to allow continuity  of survey work.

IV .l. The processing of survey d a ta  is trad itionally  done by hand. Sound­
ings are read  from  the analogue recorder, then corrected, reduced, and 
en tered  on p lo tting  sheets. These plotting sheets are the ca rtog rapher’s 
basic tool, the docum ents sold to the public being the nautical charts 
them selves. These are generally a t a m uch sm aller scale than  the plotting 
sheets, and do not contain all the in form ation  gathered on the spot. 
Specialist users (scientists, prospectors, etc.) n a tu ra lly  have the possibility 
of obtaining copies of original p lo tting  sheets —  unless of course there are 
good m ilitary  reasons against th is, and in certain  circum stances th is m ay 
be the case.

IV.2.1. The plotting sheets them selves show only selected soundings taken  
from  the continuous record. The choice has here to be guided by the need 
to reduce th e  num ber of soundings to be shown —  but taking care to 
lose the m inim um  of pertinen t inform ation. This operation is for the 
m ost part still done m anually, b u t it w ould certainly be fa irly  easy to 
au tom ate it by using sounding and  tidal data m anually  processed on digital 
in strum en ts such as autom atic pencil followers, or else digital records 
obtained directly  from  the m easuring  instrum ent. Nor does the plotting 
of selected soundings on the sheet by m eans of an autom atic p lo tter 
p resen t any p articu la r difficulty.

IV.2.2. However, th is is not the case when we come to finalizing the sheets 
by plotting the contour lines, although  there are, of course, already m any 
program m ed algorithm s for enabling us to solve both this problem  and 
m any  others. One such algorithm  consists of draw ing up a digital model 
of the  bottom  topography by inserting  any additional sounding in terpolated  
for anÿ given point from  am ong the scattered soundings shown on the 
p lotting  sheets. Once this model is established it can be used not only for 
calculating the contour lines point by point but also —  in theory a t least — 
for obtaining bottom  profiles, for p lo tting  slopes, ridges and thalwegs, and 
for recognizing given patterns, etc. To w rite such an algorithm  we have to 
seek an “e s tim ato r” enabling us to choose the m ost likely depth value at 
any one position from  the inform ation  resulting from  the selection of 
soundings. As far as I know, present day procedures trea t the selected 
soundings as a d iscrete scattering  of completely independent values. 
However, th is does not correspond to the actual way in w hich plotting



F i g . 1. —  S urvey  o f th e  A tlan tic  C o n tin e n ta l S h e lf c a rr ie d  o u t 
by  th e  F ren ch  H y d ro g rap h ic  Service.

sheets are draw n up, since soundings are  no t p lo tted  a t random  but are 
aligned along profiles on which the depths to be in terpo la ted  are not 
presum ptively indeterm inate . If the recorded soundings have been carefu lly  
chosen, using accepted criteria , the in term ediate  dep ths can  be supplied by



linear in terpo lation  betw een two ad jacen t soundings on the sam e profile, 
a lthough there is no such  re la tionsh ip  between two ad jacen t soundings 
taken  from  different profiles. It seems to me th a t an algorithm  th a t ignores 
th is fact canno t be considered satisfactory .

At the F rench  H ydrographic Office an attem pt has been m ade to apply 
the geostatistic  m ethods used in the cu rren t processing of certa in  geologic 
and geophysical data  to the dep th  variable. Results are not very conclusive 
in view of the p ractical difficulties of program m ing the com puter. The 
w ork still rem ains at the theoretical stage, bu t deserves to be followed up. 
W hen an  operational re su lt is available, the  com plete au tom ation  of the 
chain  of operations, from  the gathering  of data  up to the draw ing  up of the 
results, will have been realised, and  th u s ano ther decisive phase in  the 
progress of this w ork w ill be complete.

V. In  1960 the F rench H ydrographic Office sta rted  a system atic survey of 
the A tlan tic continental shelf along the coasts of F rance em ploying the 
m ethods I have ju s t described.

T he state  of advancem ent of th is survey is shown on the sketch 
reproduced here. Up to about L atitude 47“30' the shelf is narrow  enough 
to allow  com plete coverage w ith  a m edium  range RANA rad iopositioning 
system . N orth of th is la titu d e  the coastw ard p art of the shelf (out to about 
170 km ) was surveyed firs t w ith  RANA and then w ith the s tan d a rd  form  
of TORAN. The p a rt fu r th e r out to  sea is a t p resen t being surveyed w ith 
a long-range TORAN. F o r th is last phase of the w ork it was no longer 
possible to use F rench-based  tran sm itte rs , and we had to  ask  if we m ight 
install o u r sta tions ashore in  the United Kingdom and E ire. T his p e r­
m ission w as gran ted , and  we w ould like to acknow ledge the help afforded 
us by these two countries.


