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SURVEYING IN THE GIRONDE

b y  M a r c  C h a u m e t - L a g r a n g e  

H ead of the  H y d ro g rap h ic  Service of th e  P o r t  o f B ordeaux

A BSTRA CT

In 1970, w h en  it w as fo u n d  th a t  the  existing sound ing  eq u ip m en ts  
could  no longer keep up w ith  req u irem en ts ,  the  P o r t  A u tonom e de B o r
deaux  s ta r ted  a  com plete  re n o v a t io n  an d  m o d ern isa t io n  of its su rvey  a r r a n 
gem ents, w h ich  w as  ca rr ied  o u t  u n d e r  the  sponso rsh ip  of the  M in is try  of 
W o rk s  an d  w ith  th e  valuab le  co llabora tion  of th e  F re n c h  L ig h th o u se  and  
Buoyage Service (Service des P h a re s  et Balises).

The concept of all th e  tidal, te lem etric ,  n au tica l  a n d  elec tronic  e q u ip 
m en t  described in  th is  p ap e r  for th e  overall so u n d in g  p lan  fo llow ed two 
m a in  p r inc ip les  :

a) Of th e  th ree  new  so u n d in g  vessels, each shou ld  be best  fitted for 
one of the  types  of w a te rw ay  in  the  a rea  (offshore, e s tu a ry  and  
river), w hile  the vessels shou ld  still be able to sound  in  fo rm a tio n  
toge ther  in m ost  of th e  su rvey  zones.

b) T he  largest  vessel shou ld  be capab le  of real- t im e d a ta  t ran sm is s io n  
to the  co m p u te r  cen tre  so th a t  th e  fa ir  sheet can  be d ra w n  im m e
diately  a f te r  com pletion  of the sound ing  runs .

INTRODUCTION

Over the last decade, the  considerab le  dredging  p ro jec ts  in th e  w a te r 
w ays lead ing  to th e  po rts  of Le Verdon, B assens  an d  B ordeaux  have in  t u r n  
requ ired  dep th  surveys a t  m ore  f re q u e n t  in te rva ls  in  order to :

a) im prove the safe ty  of navigation ,
b) deploy the suc t ion  d redgers  w ith  g rea ter  efficiency,

an d  c) p la n  im p ro v em en t  schem es for th e  ch a n n e l  an d  p o r t  areas .
The eq u ip m en t  th en  available being insufficient fo r  this, a p ro g ram m e  

of renovation  an d  m o d ern isa t io n  of the d ep th  survey  eq u ip m en t  w as  u n d e r 
tak en  in  1970. To m eet the a im s  set ou t  above, th ree  goals h a d  to be 
achieved :

a) sound ings m u s t  be ta k e n  m ore freq u en t ly  in  all a reas  an d  in all 
seasons;



b) the accu racy  of sound ing  m u s t  be im proved ;  
an d  c) the fa ir  sheet w as to  be available very soon a f te r  the survey.

T h is  p a p e r  will review the  fac to rs  leading r ig h t  u p  to  the  f a i r  sheeft, 
n am ely  ; the a rea  in  question , th e  types  an d  m eth o d s  of sounding, the 
c ra f t  requ ired ,  th e  rad io  aids an d  t idal  te lem etry  n e tw orks ,  the  sh ipborne  
equ ipm ent,  a n d  th e  h a rd w a re  an d  so ftw are  for th e  co m puting  and  p lotting  
centres.

TH E AREA

T he Gironde survey  a rea  (fig. 1), to talling  825 k m 2, can  be divided 
into fo u r  zones, each  w ith  qu ite  d ifferent ch a rac te r is t ic s  :

a) above th e  Bec d ’A m bès : a m ain ly  f re sh w a te r  a re a  over 25 k m  of 
the  River G aronne, giving access to the u p s t re a m  ports ;

b) betw een  th e  Bec d ’A m bès an d  the  n a r ro w s  fo rm ed  by the  p e n in su la r  
of V erdon an d  the  ro cky  coast of R oyan  : the  e s tu a ry  a rea  75 k m  
long a n d  som e 11 k m  across  at the w idest  po in t,  ch a rac te r ised  by 
is lands an d  m u d b an k s  above Pauillac, by d ry ing  b an k s  in  the 
cen tra l  p a r t  an d  by sh if t in g  non-d ry ing  b an k s  in  the lower a rea ;

c) to seaw ard  of the  line R oyan  - Le V erdon : th e  r iv e r -m o u th  a rea  
trave rsed  by a 25 k m  deepw ater n a tu ra l  ch an n e l  te rm in a t in g  in  a 
m an -m ad e  pass  to th e  ocean ;

d) finally, th e  p o r t  areas, six in num ber.

TY PES AND M ETHODS OF SOUNDING

T h e  th ree  zones —  river, e s tu a ry  an d  m o u th  —  as well as  the  p o r t  
areas, are explored  by surveys in  w hich  the  scale, frequency , density  of 
sound ings  an d  th e  size of the  fa ir  sheet depend closely on the  survey  
a rea  an d  the object  of the  survey  : navigation, d redging  or ap p ro ach  
im p ro v em en t w orks ,  as show n  in  Tab le  1.

T w o m e th o d s  of sound ing  a re  used : cross-river, w here  th e  sound ing  
lines a re  p e rp en d icu la r  to the co n to u rs ;  and  longitud inal,  w here  they  are 
para lle l  to the  con tours .

T h is  la t te r  m e th o d  is su itab le  for sounding  in  th e  channe ls  an d  passes, 
w here  the  ra tio  le n g th /w id th  is large an d  w here  th e  channel sides are 
on ly  slightly  sloped. It gives a good d is tr ib u tio n  of soundings, does no t 
in te rfe re  w ith  sh ipp ing  m ovem ents ,  an d  allows th e  su rvey  to be com pleted  
q u ick er  th a n  w i th  the  t ran sv e rsa l  m ethod , an d  w i th  several sh ips  in  the 
channel.  O n th e  o th e r  hand , it is less accu ra te  for th e  precise p lacing of 
the co n tou rs  on the  steeper slopes.



I*k ;. 1. —  M o u t h  a n d  e s t u a r y  o f  t h e  G i r o n d e .  A r e a s  s u r v e y e d .
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THE VESSELS

T he different types of survey area  (ocean, es tuary ,  river and  port) led 
to the developm ent of 3 vessels of very different charac teris t ics  b u t  w ith  
perfo rm ances  sufficiently alike to be able to operate together to sound 
the channel between B ordeaux and  Le Verdon using the longitudinal 
method.

Gardour (fig. 2)

This vessel en tered  service in  April 1975 for su rveys in the Gironde 
es tuary  and  on the  continental shelf, as well as for laying oceanographic 
devices and  for hydrological, chem ical and  biological observations.

The ship w as tested in sm all-scale model form in the  P aris  tes t  tank, 
th an k s  to the  aid of the  Ins t i tu t  de Recherches de la Construction Navale. 
She is designed to operate  up  to 200 miles from  shelter, i.e. up to the 
lim it  of the con tinen ta l  shelf, an d  has  a length overall of 33.00 m, m oulded 
b re ad th  of 6.35 m  and d ra u g h t  a f t  (fully laden) of 3.00 m. 2 m otors of 
680 H P  each coupled to a variable pitch  propeller give a m ax im u m  speed 
of 14.3 knots, w hile fine m anoeuvring is provided by a bow th ru s te r  with 
nozzle ro tatable th ro u g h  360° giving 600 kg of th ru s t .

Oceanographic  equ ipm ent consists  of a hydrau lic  crane, two derricks, 
a Zodiac M ark III inflatable, an  analytical labora tory  and  storage for 
sam ples of w'ater or sediment. A well housing four sounder oscillators, 
includ ing  one on a telescopic ja ck  to lower it below the turbulence level, 
allows the vessel to operate  in heavy seas. The w h ee lhouse /com m and  
position has an  a ll-round view1; it is a ir-conditioned and  occupies an  area 
of 30m- at foredeck level.



Fig.  2. —  S u r v e y  vessel  Gardour.

Biganon (fig. 3;

The launch Biganon was commissioned in Ju ly  1972, having been 
designed for hydrographic surveys in the estuary  as well as in the river 
and in the estuary m outh under calm conditions. Her dimensions are : 

Length overall 17.6 m
Beam 4.75 m
Draught 1.5 m
Speed (continuous) 12 knots.

Categorised under French rules in Class 3, she is not permitted to go outside 
20 miles from land.

Her wheelhouse has a huge console containing all the necessary con
trols for navigation and sounding, while the air conditioned recording 
room houses the receivers and recording instrum ents  and a chart table.

The third vessel

Still in the design stage, this unit will enter service soon. Her length 
will be 9-10 metres, m aximum speed 14 knots, draught 1 m, and displace
ment 5 tonnes and she will be able to tu rn  in her own length. Theseu
characteristics have been defined to meet the requirements of surveying 
in ports — alongside quays and pontoons and in basins — and rivers, and 
for tandem  sounding with the Gardour and Biganon.



Fig. 3. —  Survey lau n c h  Biganon.

ELECTRONIC POSITIONING

T he e s tu a ry  and  m o u th  of the  G ironde are  covered by five hyperbolic  
TORAN system s and  one SYLEDIS sys tem  (fig. 4).

TORAN chains

T he p rincip le  consists  in m e a su r in g  at a mobile s ta t ion  the phase  
difference betw een  the high f requency  w-aves rad ia ted  by the fixed s ta tions 
of a TORAN pair,  the in itia l phase  sh if t  of the H F  waves of w hich  can 
be m e a su re d  (com pensa tion  rece ive r- transm itte r ) .

T he phase  of Ihe L F  beat signal resu l t in g  from  th is  difference is 
p ro p o r t io n a l  to the  d ifference  in  wave trave l  time, there fo re  to the  d iffe r
ence in  d is tance  betw een  the mobile s ta t ion  a n d  the  two t ran sm it te rs .

T hus ,  w h en  the phase  m easu red  on bo a rd  rem ain s  constan t,  it m ay 
be deduced  th a t  the  vessel is ru n n in g  along  a hyperbolic  lane. W ith  two 
p a i r s  of fixed t r a n s m it te r s  p e r  TORAN chain , it is there fo re  possible to 
de te rm ine  tw o hyperbolic  coord inates  w h ich  define the position of the 
m obile station.

If the  com pensa tion  receiver of one pa ir  is l inked to a t ran sm it te r  
of the  o the r  pa ir ,  the TORAN cha in  is in m ode X, and  if the  com pensation



Fin. 4. —  R a d io  p o s i t io n in g  F ig. 5. —  K e m o te -c o n t ro l le d
sy s te m  n e tw o rk .  t id e -g a u g e  n e tw o r k .

receiver of one p a ir  is geographically  sep a ra te  from  th e  two t ra n s m it te r s ,  
the TORAN chain  is in mode Z.

The ou te rm ost  network, a t  the  r iv e r  m ou th ,  set up  in  1966, is m ade  
up of th ree  p a irs  of t ran sm it te rs ,  one in m ode Z an d  the o ther  tw o in 
m ode X. The four netw orks  f u r th e r  in land ,  ins ta lled  in  1973 be tw en  Le 
V erdon  an d  the  ju n c t io n  betw een  the  Dordogne a n d  G aronne rivers, are 
in m ode X.



SYLEDIS netw ork

Higher up  the  Dordogne, beyond this junc tion ,  the hyperbolic  ne tw ork  
is rep laced  by a  SYLEDIS n e tw ork  with th ree  t ran sp o n d e r  beacons in 
c ircu la r  mode. Im p lan ta t io n  of th is  ne tw ork  will be complete in  1977.

T he  p rinc ip le  consists in m easu r in g  the t im e in terva ls  betw een the 
t ra n sm it t in g  of a pu lse  signal by a n  in te rroga to r  p laced  on a mobile vessel 
an d  the  re tu rn  of th is  pulse signal, reflected back  by tran sp o n d e rs  set up 
on land. K nowledge of the speed of wave travel enables these t im e in tervals  
to be converted  in to  d is tances. K now ing the position  of the beacons, i t  is 
s im ple to deduce the  position  of the  mobile vessel.

T h e  accu racy  of posit ion-fix ing  is b e t te r  th a n  10 m  in all areas.

AUTOM ATIC TID E GAUGE NETW ORK

T he n e tw o rk  of tide gauges (fig. 5) is in tended  to serve the following 
pu rposes  :
—  ensure  safe ty  of navigation, by:

(a) p ro m u lg a t in g  w a te r  heigh ts  by V H F ;
(b) ca lcu la ting  the  possib ility  for sh ips to navigate  up- or dow n-river;
(c) ca lcu la t ing  the  heave, p itch  and  roll p a ram e te rs  for large ships 

nav iga ting  th ro u g h  the w este rn  channe l;
—  d raw  up survey  sheets au tom atica l ly ;
—  increase know ledge  of the  effects of the tide in  an  es tuary ;
—  im prove an d  refine  tidal predictions.

Tide sta tions (fig. 6)

T he a rea  of the Gironde u n d e r  survey is covered by a n e tw ork  of 8 
rem ote-contro lled  tide gauges, p lus  one rem ote-contro lled  tide gauge buoy. 
T h e  position  of each of these has  been accu ra te ly  defined so th a t  the tide 
profile a t an y  in s ta n t  m ay  be exactly  reproduced , a llowing only a very 
m in im u m  n u m b e r  of localized tide irregu la ri t ie s  to escape notice.

E ach  tide s ta t ion  is equ ipped  w ith  a tide gauge w ith  float an d  w ith  a 
po ten tiom e te r  driven  by the record ing  system  of the tide gauge. The 
voltages genera ted  by the p o ten tiom e te r  are converted  into b in a ry  code 
signals an d  sen t b y  rad io  to th e  cen tre  w here  the survey  sheets are  d raw n  
up.

The t ran sm is s io n  sequences of the tide s ta tions  are staggered by 
30 seconds to p reven t  s im u ltan eo u s  reception a n d  record ing  of t ra n sm is 
sions from  several t ide gauges.

R eceiving s ta tion

Situa ted  in  the p lo t ting  room  of the H ydrograph ic  Office, this sta tion 
checks the va lid ity  of th e  s ignals  received, iden tif ies  the t ran sm it t in g



I ' ig. 6. —  T ide -gauge  s t a t io n .

stations, and relates the w ate r  levels received to the low-water level ot the 
point concerned.

Tidal heights  are displayed on a ca thode-ray screen, recorded on paper, 
and stored on 80-column punched  cards  for sounding  da ta  processing and 
tide-prediction work.

An au tom atic  device for re - transm iss ion  of tidal heights  by radio 
telephone to ships navigating the fa irw ays completes this system.

Wavemeter buoy with remote-controlled tide gauge

This is a prototype developed by the H ydrograph ic  Service of the 
Bordeaux P ort  Authority .

The support  is a p illar buoy whose base is w eighted w ith  an anti- 
buffeting disc. The lower part  of an anchor-line, in electricity-conducting 
nylon cable, is equipped with a swivel, a vibrating-cord  pressure-sensing 
device, and a subm erged float of 1 000 litres to m a in ta in  vertical tension 
on the lower part  of the line and reduce a l te rna t ing  m ovem ent due to wave 
action.

A w a te rtigh t door gives access to the body of the buoy containing the 
batteries  and  electronic equ ipm ent for the sensing device and the 
transm it te r .  An an tenna ,  a flash ing  light and a ra d a r  reflector are fixed 
on toj) of the buoy.



On land, a receiver continuously receives tlie variations in frequency 
induced by the pressure. This analog signal is converted into continuous 
voltage proportional to the height of the w ater at any instant.

A graphic recorder linked with electronic filtering equipment enables 
waves and tide to be separated for graphic representation. The tidal data 
is coded in the same way as for the eight fixed stations in the estuary, and 
transm itted  to the plotting centre for exploitation.

SHIPBOARD EQUIPMENT (fig. 7)

General principles

The basic principle on which the sounding system is based is the 
potentiality for the three vessels to survey either simultaneously or 
individually.

F i g .  7. —  A u t o m a t i c  s o u n d i n g  e q u i p m e n t  a b o a r d  s u r ve y  vessel  Gardour.

1. W hen the three sound in consort, they run along three parallel 
profiles. The G ardour , in the centre, acts as guide while the Biganon and 
the small launch are the two auxiliary or side vessels.

The first operation before sounding begins is the initial adjustm ent 
of the system (TORAX position, relative position of the two consorts 
from the guide, time, sounding, etc.). As soon as these operations



have been carried  out, the system  is operational. T h e  order to begin 
record ing  da ta  aboard  the G ardour  and  to t ran sm it  these  to the com puting  
centre  via a relay s ta tion  a t  Le V erdon  can  then  be given to the com puter ,  
w h ich  will constitute , at a chosen  ra te ,  a d a ta  cycle of 69 ch a rac te rs  for 
each poin t sounded. Each  cycle inc ludes  the date, time, m ethod  of so u n d 
ing, TORAN lattice n u m b er  used, events, XY position of m o th er  vessel, 
d is tance ap a r t  of consorts , an d  the soundings from  the  th ree  vessels.

2. W h en  the th ree  vessels a re  sound ing  separately , the sh ipborne  
equ ipm ent aboard  each vessel enables m agnetic  tape record ings to be m ade  
of all da ta  requ ired  for processing the soundings. T he  G ardour  can  also 
re - tran sm it  its da ta  to the com pute r  cen tre  in real time.

Equipment aboard the Gardour

Electronic and data-processing  eq u ip m en t  aboard  the G ardour  m ay  be 
grouped  into five sets of eq u ipm en t governed by a co m p u te r  (fig. 8):

—  equ ipm ent for data  collection ;
—  equ ipm en t for control, m o n ito r in g  and visualization;
—  recording equ ipm en t;
—  t ran sm it t in g  eq u ip m en t;
—  navigating equipm ent.

Fig. 8. —  D ia g r a m  to show  f u n c t io n in g  of e q u ip m e n t  a b o a r d  Gardour.



D ata-co llec tion  eq u ip m e n t

1. Sounder

T his  is an  Atlas D e s o  10 hydrograph ic  sounder  (30 & 210 kHz) to 
w hich  is l inked  an  EDIG 10 to select soundings w hich  will serve for the 
p lo tting  of the sounding  sheet. A copy of the da ta  shown by the EDIG is 
displayed on the  h e lm s m a n ’s console for safety  of navigation purposes.

2. P i tc h  an d  roll stabiliser

W h e n  p i tch ing  and  rolling  are  so p ronounced  th a t  they m ay render 
soundings inaccurate ,  a device consisting p rinc ipa lly  of a pen d u lu m  will 
e lim inate doub tfu l  ones.

3. A nti-heave device

Heave m u s t  be elim inated  as soon as it reaches an  am plitude  of 15 cm.
A f irs t  solution consists in subjecting  the  echo-sounder to voltages 

p ropor tional to th e  degree of heave, which will correc t  the voltage signal 
given out by the sounder ;  however, it has  not yet become technologically 
possible, fo r  non -m il i ta ry  use, to m ark e t  these devices at prices acceptable 
for port surveys. Therefore, the F ren ch  L igh thouse  Service has carried  out 
research  in to  the  ana ly tica l aspect of the phenom enon, based on the 
following p r inc ip le :

The “noise s ig n a l” in troduced  by the heave of the ship is considered 
as a ran d o m  function . A p p ro p r ia te  analysis of the  m easu rem en ts  enables, 
f irs t  of all, an  estim ation  to be m ad e  of the spectral density. The signal 
represen ts  the d ifference betw een  a reference value and the t rue  value 
of the sounding. W ith  the aid of a filter adap ted  to the spectral properties 
of the signal an d  the noise, i t  is possible to m in im ize the effect of the  noise 
on the  signal.

4. Radio positioning

The receiving s tation aboard  the  m other ship  consists of two TORAN P 
receivers w h ich  can  be sw itched  m an u a l ly  or au tom atica lly  to the  five 
networks.

Use of two TORAN receivers  is necessary  w hen  switching au tom atic
ally from  one ne tw ork  to an o ther ,  as au tom atic  sw itching of TORAN 
netw orks is no t in s tan tan eo u s ;  th e re  is a time lag, re ferred  to as ‘locking’, 
of 10 to 30 seconds du ring  w hich  the hyperbolic phases  are  no t exploitable. 
Use of a second receiver e l im ina tes  th is  problem. In fact, the f irst  receiver 
(R l)  supplies th e  position on the  Ri ne tw ork  w here  the ship ac tually  is, 
and  the second receiver (R2) gives, a t  the sam e m om ent,  the sh ip ’s position 
in the Ri +  1 ne tw ork  to w ard s  w hich  the ship  is m aking . W h e n  the 
im ag inary  line separa ting  the two ne tw orks  is reached, the com pu te r  will 
no longer re ta in  th e  R l  phases, b u t  those of R2. This is the ‘exchange’ or 
‘sw itch ing’ of netw orks .  In  o rd e r  th a t  fu r th e r  switching m ay  take  place to 
the  following ne tw ork  (Ri +  2), the R l  receiver m ust,  beforehand, be 
au tom atica l ly  co m m u ted  from  Ri to Ri +  2 before the ship reaches the 
next line (see fig. 9).



P o s i t i on  1 i

I
R 1 dans R i 
R 2 dans R i +1

O  Foyer  TORAN

P o s i t i o n  2

F ig . 0. — A u to m a t ic  n e tw o r k  sw itch in g .
. -------L ine  s e p a r a t in g  tw o  n e tw o rk s .
--------- L ine of s w i tc h in g  b e tw ee n  n e tw o rk s .

C ontro ls , m o n ito r in g  a n d  v isu a liza tion

Control and  visualization un it  (fig. 10)

To enable the user to check th e  sys tem  ‘at a  g lance’, o r  to feed d a ta  
s im ply  into each in p u t  cycle, the p r in c ip a l  controls  an d  in fo rm a t io n  
recorded  are grouped  together in th is  unit.

One of the im p o r tan t  featu res  of th is  control u n i t  concerns the 
posit ion ing  of the consorts . T heir  theo re t ica l  positions com pared  w ith  th a t  
of th e  m other  ship are  displayed. W ith  th is  in fo rm ation ,  together w ith  the  
ac tua l positions t ran sm it te d  by the consorts  themselves, the co m p u te r  
d e term ines  the varia tion  in  the posit ions  of the consorts .  T he  differences 
from  the theoretical positions are t r a n s m i t te d  to the conso r ts  for d isp lay  
on a 2-needle indicator.

R ecord in g , p o s i t ion in g  and  t r a n s m i t t in g  e q u ip m e n t

T his  includes :
—  one 1 600 BPI m agnetic  tape u n i t ;
—  one ASR 33 te lep r in te r  for c o m p u te r  read-out;
—  one fast punched-tape  read er  for p ro g ram m e loading;
—  one p lotting table for p lo tting  the sound ing  profile ;
—  tw o UHF receivers an d  one V H F t ra n s m i t te r  for lia ison betw een  the 

launches an d  w ith  the  co m pu te r  centre .

D a ta -p ro cess in g  e q u ip m e n t

T he ‘h e a r t ’ of the system  is a C am panu le  m in i-co m p u te r  by CROUZET, 
w hich at p resen t  h as  a m em o ry  of 4 K w ords, extendable  to 8 K w ords.



F ig. 10. —  C o nt r o l  a n d  m o n i t o r i n g  un i t .

Its essentia l task  is da ta  acquis it ion  and  processing, e ither  for m on ito r
ing purposes ,  for m odifica tion  or for  re-d is tr ibu tion  to the output 
per iphera ls .

Besides its role of system control,  it ca rr ie s  out a cer ta in  n u m b er  of 
opera tions  concern ing  the cycle and  its p re p a ra t io n :

—  a u to m a tic  sw itch ing  of TORAN receivers ;
—  a u to m a tic  de te rm in in g  of lattice n u m b ers ;
—  position ing  of consorts ;
— converting  of hyperbolic  coord ina tes  into XY values; 

acqu is it ion  of TORAN positions;
—  m a in ten an ce  of TORAN phases.
As so und ing  begins, it enables the TORAN to be set a t a know n  position 

as the point of d e p a r tu re ,  e i ther  in L am b er t  XV, or by tak ing  two 
angles on three  lan d m ark s .

If the  TORAN receiver in use b reak s  down, the com pu te r  replaces it by 
d e te rm in in g  the  XV position of the ship from  the TORAN phases  of the



second receiver linked to the ad jo in ing  network. If both receivers break 
down, it will ex trapola te  the new positions  of the ship on the  basis of the 
fo rm er know n positions for a d u ra t io n  of 30 seconds, a delay w h ich  will 
enable the operator to take  the necessary  action to record an  ‘event’ causing  
a break  in the logical sounding  process.

It m onitors  the transm iss ion  of d a ta  to the conso r ts  and to the 
com puting  centre.

It enables connection  in conversational mode, by p ro g ram m ed  or 
m an u a l  in te rrup t ,  between the control u n i t  and  the te lep r in te r  and  the d a ta  
acquis it ion  equipm ent,  the input and  o u tp u t  of w hich it governs.

Equipment aboard the launch Biganon

The equ ipm ent aboard  the launch  Biganon  is less extensive th an  th a t  
aboard  the Gardour. It consists of:

— an Atlas D eso 10 depth  so u n d er ;
—  a TORAN radio-positioning receiver;
— a SYLEDIS radio-positioning receiver, for sound ing  in the 

Garonne river;
a control and  m onito r ing  un it ;

—  a m agnetic  recorder an d  p r in te r ;
—  a plotting table to plot the sound ing  profiles;

a unit for t r a n sm it t in g  in fo rm ation  and  d a ta  to and from the 
G ardour  w hen  sounding  in fo rm a tio n ;
a position indicator, showing lateral and  longitudinal position 
with respect to the Gardour.

COMPUTING AND PLOTTING CENTRES (fig. 11)

The UNIDATA 7730 com puter  used in ca lcu la tions  for plotting, for 
dredging volumes an d  for records is ru n  by the co m p u te r  division of the 
B ordeaux  P ort  A uthority .  Its cha rac te r is t ic s  and  conception m ake it m ulti-  
p rogram m able .

The plotting  centre, s i tuated  several k ilom etres  aw ay  from  the 
com puting  centre, is equipped  w ith  a MITRA 15-35 te rm in a l ,  a con tro l  
un it  for  the UNIDATA 7730, a ca rd -reader ,  an d  a BENSON 222 p lo t te r  
m easu r in g  1.20 m  X 0.80 m w ith  a precis ion  of l / 2 0 th  m m .

T he operating  princip le  of th is  data-p rocessing  equ ipm en t 'f ro m  the  
ca rtograph ic  v iewpoint can  be defined in th ree  stages:

—  acquisition
—  processing
—  plotting.

D ata  obtained from  th e  G ardour  via the Le Verdon re lay  s ta tion  and  the 
Post Office line a re  decoded then  checked and  analyzed  by the co m pute r  
before being recorded on m agnetic  tape  o r  disc. T hus ,  as soon as a sound ing  
operation  is completed, th e  p lo tting  d a ta  for the survey sheet is available.



DISC RECORDING SYSTEM

F ky. 11. —  L ine  d i a g r a m  o f  e q u ip m e n t  a t  c o m p u t in g  a n d  p lo t t i n g  een tres .

D u rin g  th e  whole of th is  acquis it ion  stage, the progress of the 
sounding  o p e ra t io n s  and  t ran sm iss io n s  is d isp layed  on the control un it  of 
the  B aca lan  te rm inal.  L iaison betw een  the te rm inal  an d  the ship is possible 
by radio telephone.

At the  end of the da ta -acqu is it ion  stage, i.e. as soon as sounding  has 
ended, th e  con tro l un it  op e ra to r  a t  the p lo tting  centre can s ta r t  the  da ta  
processing  stage, w hich, based  on the  a m o u n t  of sound ing  done, m ay  take 
from  10 to 20 m inutes .

The final  stage, w h ich  is the plotting, consists  solely in  t ran sm it t in g  
to the M ITRA 15 the p lo tting  ins truc t ions  for the  fair  sheet.

PROGRAMMES 

Data acquisition

The HYDRONAV p ro g ram m e  consists of:
—  the in itia l a d ju s tm e n t  of th e  radio navigation  system  as sounding 

begins ;
—  the  p ro g ra m m e  itself, w h ich  ru n s  in one-second cycles an d  which 

inc ludes  acqu is it ion  of data ,  ca lcu lation  of position, recording, t r a n s 
m it t in g  an d  m onito r ing .
The s im plif ied  flow d iag ram  (fig. 12) i l lus tra tes  the principle on 

w hich  th is  p ro g ram m e  functions.



)

10. 12. — HYDRONAV, s i m p l i f i e d  f low  d i a g r a m .



A cquisition

T he DRACQ prog ram m e processes the data  transm it ted  from the 
vessel G ardour  via the Le Verdon relay sta tion  and  the telecomm unications 
network.

It verifies the transversal  and  longitudinal parities of the data  blocks 
received to eliminate any  incorrect blocks.

It m on ito rs  the s tate  of ‘event’ blocks (in sounding profiles, soundings 
out of line, m o m en ta ry  break in profile, erroneous profile, break in 
sounding, end of sounding) coded aboard  ship and included in the 69- 
ch a rac te r  blocks transm itted . Every first  block containing a new' ‘event’ 
is edited in the  c o n t r o l  unit, which enables the sh ip ’s position to be know n 
at the m o m en t of each new ‘event’.

It records the blocks on m agnetic tape, following the same procedure 
as th a t  of the control unit, re ta in ing, however, all the blocks on profiles.

It m onito rs  the transm issions.

Plo tting  of sounding sheets (fig. 13)

The DALI p rog ram m e (au tom atic  scribing of isobaths) w as designed 
for the  purpose  of obtaining the m ost accura te  and  the quickest possible 
draw ing  of isobaths and  spot soundings a t  the ir  exact geographic position, 
using a sm all com puter (60 K octets), w h ich  is not generally the case in 
most cartographic  scribing program m es based on scattered points. This

F ici. lil. - Sec t iona l  view of a so u n d in g  a rea .



p ro g ram m e  is available to all F rench  p o r t  au thorit ies  and  m ay  be m arke ted  
ab road  u n d e r  licence from  the  F re n c h  L ighthouse and  Buoyage Service. 
A DALI u se rs ’ club has been form ed to collate all enquiries  leading to 
im p ro v em en t of the  p rogram m e.

An A W E  76 study  rep o r t  (on a u to m a t ic  p lo tting of sound ing  sheets 
using the DALI p rog ram m e) by the L igh thouse  and  Buoyage Service 
describes in detail the full range of possib ilit ies  of the p rog ram m e. It is, 
therefore , only necessary here  to recall the basic principles.

The fu n d a m e n ta l  theory  is th a t  the a rea  of the sea floor betw een fou r  
sounded  points  is correlated  w ith  a  hyperbolic  parabolo id  pass ing  th ro u g h  
the fou r  segm ents jo in ing  the four po in ts .  The isobath  p o r t io n s  are  
defined by the in tersection of horizonta l p lanes w ith  this paraboloid .

T h is  theory  necessarily  im plies t h a t  the  four co rners  of th e  q u a d r i 
lateral a re  taken  two by two on tw o ad jo in in g  sound ing  profiles, largely 
paralle l an d  s im ilar in length, and th a t  the  n u m b e r  of co rners  is the sam e 
on all the  profiles of the  a rea  sounded. T h ese  apexes are  selected from the 
points  sounded according to the c r ite r ia  for  selection of sound ings  applied  
by the  h y drog rap lie r  w hen sounding m an u a lly .

C alculation  of cubic volum es and d raw ing  of curves show ing isovaria tion  of 
the bottom

F o r  the  requ irem en ts  of port  surveys, it is necessary  to be able to:
—  calcu la te  the cubic volum e of m a te r ia l  w ith in  a q u ad r ila te ra l ,  between 

the bottom  an d  a horizon ta l  p lane;
—  plot a  ch a r t  showing equal v a r ia t io n  of the  bo ttom  betw een  successive 

sound ing  operations, so th a t  an y  changes  m ay be ana lyzed;
— store d a ta  relative to successive sou n d in g  operations, for subsequen t  

explo ita tion  w hen  p lann ing  im p ro v em en t  schemes.

Ex tens ions  of the p ro g ram m e now  being  studied concern :
— calcu la tion  of sed im ent volumes w a sh e d  aw ay or deposited  between 

successive surveys;
—  calcu la tion  of positive or negative volum es con ta ined  between the 

su rface  representing  the bo ttom  of a fa irw ay  or channe l  a n d  the 
theore tica l surface  of the  bottom  of th is  fa irw ay  rep resen ted  by 
successive p rism s;

—  search  for m ax im a and  m in im a s ign if ican t  fo r  navigation  purposes.

D raw ing  of field sheets

So th a t  the  fa ir  sheet m ay become a  docum en t th a t  can  be used for 
nav igation  purposes, it is necessary  to re p re sen t  it on a field shee t co n ta in 
ing all back g ro u n d  in fo rm ation  useful to navigators  (lights, buoys, leading 
lines, w recks, landm arks ,  k ilom etre  po in ts ,  scales, etc.). All the d raw ing  of 
these symbols and  the  light ch a rac te r is t ic s  has been p ro g ram m ed  an d  
stored in the p ro g ra m m e ’s library. T h e  b an k s  of the  G ironde an d  the



A tlantic coast of the es tuary  have been digitised and stored on cards with  
the positions of the symbols and  the lettering  to be reproduced.

T he  BALRIV p rogram m e m ak es  it possible to represent any area, at 
any given scale, w ith in  a rectangle defined by the Lam bert  coordinates 
of its fou r  corners (see Plot X" 10).

A special p rogram m e enables the background  in fo rm ation  to be 
updated  (buoy m ovem ents, changes in light characteristics , modifications 
to shorelines consequent on new h a rb o u r  w orks, etc.).

PLOTS

T'T'ir» n r in 1 - m i t «  r r m r n r ln r p r l  h p rn  t h o n o h  ïh p v  Hn n o t  ü p pV i n  n r n v iH p  «* ~ t' '* ' ... . " ~ 1" --------------- - j - - -- ------ -- . —  —  - A .-
complete sample, give an  idea of the capabilities of the system and of the 
DALI p rogram m e.

G eneral sounding

E v e r y  year,  the 825 kilometres m ak ing  up the Gironde m outh  and 
es tu ary  are sounded. The area to be surveyed is divided into p re lim inary  
sounding  zones, an example of which is shown in Plot N" 1.

T h e  lines of soundings reproduced  co rrespond  to the profiles followed 
by the ship. The h y d ro g rap h er  has increased the density  of sounding 
profiles in areas  in w hich  he knew  the configuration  to be rugged. Each 
sounding reproduced corresponds to the least depth in the im mediate area.

T he exploratory  surveys which enable field sheets to be draw n up are 
stored yearly  on m agnetic  tape. Plots N “ 2 and  N° 10 are examples of 
p r in t-ou ts  of bottom  relief based on stored data, isobaths and  background 
inform ation.

M onthly sounding  operations

T hese concern the  channel from  Bordeaux to the sea, a distance of 
140 k ilometres.

P lot N ” .'i is an ex tract  from a survey using cross-river profiles. The 
same a rea  sounded by m eans of longitudinal profiles is portrayed in 
Plot N" 4.

It  is reassu ring  to note tha t ,  w hatever the direction in which profiles 
are ru n ,  the position of isobaths rem ains  unchanged  from  one operation to 
the next, except where  bottom  changes have occurred.

P rin t-ou ts showing re trieved  soundings and outlines of isovaria tion  curves

Since these are w ork ing  ‘tools’ for those responsible for port improve
m ents and  constructions, it was necessary to be able to m ake com parisons



P lot X" 1. -  l>r e l im in ; i r \ '  s u r v e y  —  f a i r  sheet.
Scale  1 21) 000. I s o b a th s  r e p re s e n te d  : 3 to  10, t h e n  10 to  20 m etres .

6.*r. ^

P l o t  N “ 2. — E x t r a c t  f ro m  a c h a r t  a t  1 /40  000 d r a w n  up  f r o m  f a i r  shee ts .  
T h e  r e c t a n g u la r  a r e a  o u t l i n e d  w a s  f r o m  t h e  f a i r  shee t  a t  P lo t  N" 1.



P lot N" 3. —  A su rv e y  o f  8 J u l y  1975 in c ro s s - r iv e r  p ro f i le s .

P lot N" 4. —  A su rv e y  o f  8 J u n e  11)7() in lo n g i tu d in a l  p rof i le s .



betw een  th e  s ta te  of the  b o t to m  as su rveyed  a t  d ifferent t im es  for s tud ies  
re la t in g  to p o r t  im p ro v em en ts  and  d redging .

P la te  1 gives a sam ple  of w h a t  can  be done w ith  re tr ieved  d a ta  from  
the DALI p ro g ram m e . T he  Cussac ch a n n e l  w as  sounded  on 20 J a n u a ry  
1976 th en  on 3 M arch 1976 (P lo ts  N° 5 an d  N° 6). These  two sheets  w ere 
s to red  on m agnetic  tape, each record being  in  the fo rm  of a grid, at the 
in te rsec t io n s  of w hich  are  recorded  the so und ings  fro m  successive surveys.

5 5  Ff  v- T r a c é  n°  5  Sondage du 26 J a n v i e r  1976

T r a c é  n° 7 S ondage  r e s t i t u é  a p r è s  a r c h i v a g e  —  2 0  J a n v i e r  1976

I ’ i . a t i v  1. - K x t ra c ts  f ro m  a su rv e y  of th e  C u ssac  c h a n n e l .  O r ig in a l  scale  : ! / 10 000.
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T h e  re tr ieved  da ta  p rin t-ou ts  (Plots N" 7 and  N" 8) enable verif ication 
to be m ad e  of the exactitude w ith  w hich  d a ta  is retrieved, the  only 
difference being the smoothing.

It is a simple m atter,  using da ta  th u s  stored, to com pare soundings 
taken  a t  different times. The differential plot (Plot N" 9) between two 
sound ing  operations (20 J a n  1976 and  3 M arch  1976, in th is  case) shows' 
isovariation  curves and  values for decreased dep ths  ( +  sign) an d  for 
increased  d ep th s  (no sign) at the grid in tersections.

D raw ing  of field  sheets

Plo t N" 10 is an  example of w h a t  can  be portrayed . T he  ex p e r t  eye 
will pick  ou t on this field sheet im perfections w hich  we have not overlooked 
ourselves, and  w hich are being corrected. On the  sam e sheet, we have 
represen ted  isobaths taken  from  stored data .

DEVELOPM ENT AND FU TU RE

T h e  experience gained in the Gironde es tuary  has  enabled o ther  F ren c h  
ports  to develop the collection of sounding  data  by au to m atic  m ethods.  
D u nk irk ,  Bayonne and Kourou (F rench  Guiana) were the  f irs t  to do so.

T h e  P o r t  of Bayonne is a good exam ple of successful developm ent of 
the system. A small launch  only 9 m etres  in length  records d a ta  on 
punched  tape. T his  tape is sent to the P o r t  of Bordeaux, where, th a n k s  to 
the com pu te r  facilities available, the p lo tting  of sound ing  sheets is u n d e r 
taken.

F o r  those ports  w hich do not w ish to take  on th e  processing of da ta  
b u t  w ish  to have fa ir  sheets available rap id ly  and  access to all the m an y  
possibilities offered by the DALI p rog ram m e, the  solution lies in t r a n s m i t t 
ing da ta  by landline  to the  Bordeaux p lo tting  centre  which, a f te r  processing, 
re - tran sm its  the  p lo tting  in s truc tions  to each p o rt  for reproduction  of the  
fa ir  sheets by plotter.

CONCLUSION

T he success of this operation  is due to the good re la tions  existing 
betw een m en of varying professions who have been capable of intelligently  
sharing  the ir  know ledge and  pooling the ir  expertise.

In the  team  there  were represen ted  h ydrog raphers ,  data-processing  
experts, m arine rs ,  electronics experts, d raugh tsm en , technic ians and 
engineers, w ork ing  either for private  companies, for the L igh thouse  and  
Buoyage A u thority ,  or for the  Bordeaux P o r t  A uthority .

E lec tronics  an d  data-processing  experts  took p a r t  in h y d rog raph ic  
operations in o rder to have a c learer app rec ia t ion  of the needs of the



hyd ro g rap h er .
H y d ro g rap h e rs  a t tended  courses  in factories w ith  data-processing and 

e lectronic  eq u ip m en t com parable  to th a t  in the Gironde surveying system.
At the p resen t  time, all sou n d in g  of the es tuary  and  m o u th  of the 

Gironde is ca rr ied  out by au to m atic  processes.
T he  sound ing  resu lts  are  given m on th ly  to the river users  (Gironde 

pilots, Captain of the  Port ,  d redg ing  service) so th a t  exploitable depths  can 
be defined an d  a reas  w here d redg ing  is required  pinpointed .

T h u s  safety of navigation is increased  and streng thened ,  and  dredging 
w o rk  is better  directed to give o p t im u m  results.

(T r a n s l a te d  f ro m  th e  French)

I have been actively engaged in the underwater world 
practically the whole of my professional life. One thing 
I learned very early in m y  career is that the sea is a 
cruel and inhospitable master full of surprises, showing 
contempt for all those entering the environment ill- 
prepared.

It amazes me that in the last few years we have been 
exposed to so many “ instant experts” in the area of 
underwater science and technology, people who have 
never got their hands dirty, let alone their feet wet. 
I am a great believer in getting your feet wet, to learn 
first-hand the rigours of the marine environment. I have 
a general rule of thumb : if a job takes one day to do on 
shore, it will take four days on a surface ship and eight 
days on a submarine. This kind of thing cannot be taught 
in the universities, you must be exposed to it.
E x tra c te d  f r o m  a  speech  b y  Mr. K e n n e th  R .  H a i g h ,  r e t i r in g  
C h a i r m a n  o f  C ounc il  o f  t h e  S o c ie ty  f o r  U n d e r w a te r  T echnology ,  
a t  th e  A n n u a l  G enera ]  M ee ting ,  2 D e ce m b er  1976, L ondon .


