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INTRODUCTION

1. At the last m eeting of the H ydrographic Commission of F.I.G., a paper 
was presented  entitled “B roadening the H ydrographic F u rro w ” [1]. This 
title was suggested by the present chairm an, Rear A dm iral R i t c h i e , who 
was then H ydrographer of the Royal Navy. It neatly  sum m arised  the long- 
felt need of hydrographic surveyors for a m eans of checking bottom  
topography between th e ir lines of sounding. It was also prom pted  by the 
pressing requirem ent for an enhanced precision in  hydrographic surveys 
to accom m odate the passage of Very Large Crude C arriers (VLCC) needing 
dram atically  reduced under-keel clearances for th e ir econom ic operation.

2. A variety of side scanning sonars have been under developm ent since 
1958. The firs t w ork of p ractical significance was th a t of P rofessor W.D. 
C h e s t e r m a n  off Hong Kong in 1964. Com m ercially viable equipm ent did 
not appear un til about 1965. The Royal Navy is still evaluating  the relative 
m erits of two existing system s. In addition, it is backing the developm ent 
of w hat it is hoped will be a com prehensive solution to the problem  of 
“reading between the lin es” [2].

3. This solution is, un fo rtunate ly , m any years away. One m ust, therefore, 
as always, m ake the best use of the equipm ent available, constan tly  bearing 
in m ind its lim itations. This paper reviews the existing m ethods of hydro­
graphy and exam ines p resen t techniques. It also evaluates equipm ent



entering  operational service and shows tha t an in terim  solution capable of 
satisfying all bu t the  m ost rigorous standards m ay be achieved.

4. It m ust be understood  th a t the contents of th is  paper represen t the 
a u th o r’s own conclusions. The view -point is necessarily  th a t of a seagoing 
naval surveyor. T he em phasis is on the practical aspects of m odern p re­
cision hydrographic surveying in the sea areas covered by the N orth Sea 
H ydrographic Commission. Two illustra tions are tak en  from  recent w ork 
in the sou thern  N orth  Sea and  Dover S trait by H.M. Surveying Ships Beagle 
and Bulldog  and the  ships of the  Inshore Survey Squadron.

THE PRESENT POSITION

Equipment fitted in H.M. Surveying Vessels, its operational characteristics
and limitations

5. E quipm ent.

The H ydrographer of the Navy operates a fleet of 13 surveying vessels. 
These are shown in Table I w hich also lists the equ ipm ent fitted  in  each 
class of ship. For the purposes of this paper, nav igational aids and  echo- 
sounding equipm ent have been om itted. In 1970 and  1971 m inehunters 
were allocated to H ydrographer for w reck searching and  identification. 
T heir equipm ent has, therefore, been included in Table I. Surveying vessels 
of all classes have been em ployed on precision sounding and  sonar area 
searches in the N orth  Sea at some tim e, although at p resen t only two coastal 
ships and  three inshore c raft are allocated to th is task .

6. Operational characteristics and  limitations.

(a) The w orking ranges show n in colum n (d) of Table II are those 
obtained from  experience a t sea. In all bu t the case of the E.G. and  G. 
DCS-3, they are m uch below' th e ir  theoretical m axim a. This is because 
sonar equipm ent is inevitably the resu lt of a com prom ise between con­
flicting requ irem ents. High definition, for example, is not com patible w ith 
long detection ranges. In  consequence, any given set is u sually  designed 
for a specific purpose. T he penalty  is a lack of versatility . U nfortunately, 
neither of the “sea rch lig h t” sonars, in use at p resent, w ere designed for 
the detection of w recks or obstructions on the sea bed.

(b) The m axim um  sonar search  speeds in colum n (e) are rarely  
a tta ined  operationally  b u t are  included to show  w hat could be achieved in 
the m ost advantageous situation . In  practice, in the dep ths encountered  in 
the N orth Sea, inshore and  coastal vessels usually  operate a t about five 
knots. It is certa in ly  w ise to use th is figure for p lann ing  purposes.
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T a b l e  II
Operational characteristics of sonar equipment in use in H.M. Surveying ships

Serial
No.

(a)

Type

(b)

Frequency
(KHz)

(c)

Working
range

(metres)

(d)

Maximum
searching

speed.
(knots)

(e)

Max. depth at 
which 100 % cover 

is achieved, 
(metres)

(f)

Speed when 
working to 

max. depth, 
(knots)

(g)

Interference 
with echo 
sounder.

(h)

1 164 Q 14 to  22 1 350 to 
1 650

10 160 5 Yes

-i K.H.
Fisherman’s

48 900 11
(.BULLDOG) 

8
(Inshore)

45 5 Yes

3 K.H.
Transit 
(MS 47 only)

48 300 6 to 8 45 5 No

4 E G  & G 
DCS-3

105 to 110 300 10 180 
(“ Fish” 30 
metres 
approx. 
above sea 
bed.)

5 No

(c) The Kelvin H ughes T ra n s it  Sonar was never conceived as an 
area search  tool in deep open w ater. In consequence, it does not m erit 
serious consideration  in the p resen t context. Its severe lim itations will be 
ap p a ren t from  line 3 of Table II. The depth  and speed in  line 3, colum ns 
(f) and  (g), are estim ates derived from  general considerations of the 
geom etry of the tran sm itted  beam . The MS 43 recorder has been om itted 
from  the Table because of its very unsatisfac to ry  perform ance when 
com pared w ith  the MS 47. The 600 m etre range, claim ed for the la tte r by 
its m an u fac tu rer, is also d iscounted.

(1) C o m p a r i s o n  o f  MS 43 a n d  MS 47 r e c o r d e r s .

(a) The helix system  of paper m ark ing  in  the  MS 47 is vastly 
superio r to the m ultip le  s ty lus system  of the MS 43. Uneven stylus 
w ear, or a m isplaced stylus, m ay cause a sm all contact to be m issed 
altogether.

(b) The w et paper of th e  MS 47 has a w ider dynam ic range.
(c) The MS 47 appears fa r easier to tune. T his m ay resu lt from  

a com bination of (a) and (b) above. For w hatever reason, the MS 43 
requ ires m uch longer to tu n e  than  the MS 47 to produce a usable 
record.

(d) The MS 47 benefits from  an enlarged linear scale. The paper 
w id th  of the MS 43 is 152 m m ; of the MS 47, 229 m m .

(2) C o m p a r i s o n  o f  300 m e t r e  a n d  600 m e t r e  s c a l e s  o n  MS 47.

W hen the 600 m etre ran g e  is in use, a good record is ra re ly  
obtained beyond abou t 365 m etres. This is due to absorption, scattering



and  the m asking of w eaker re tu rn  echoes by background noise a t the 
g reater range. Thus, 365 m etres of sea bed is recorded on under two 
th irds of the p ap e r’s w idth. If the  shorter range scale is selected, 
however, a w orthw hile record will probably be obtained across the full 
w idth  of the paper. So only one six th  of the range is lost bu t the 
resolution is doubled. In addition, the increased pulse repetition ra te  
im proves the quality  of the record and  enhances detection.

(d) The E.G. and G. Dual Channel Sidescan Sonar, as the description 
implies, sweeps on either side of the sh ip ’s track . T hus, its  swept p a th  is 
double th a t of a tran s it sonar and a m uch m ore economical use of sh ip ’s 
time resu lts. Serious range losses occur in  depths less th an  20 m etres, 
JlOWCVCTj Maid it is here th s t  tïlS Kslviîl Hughes p jd io rm o n ’c ^nnor onrl
MS 47 come into their own. The rigid overside m ounting  of the tran s it 
sonar is probably better suited  to w reck investigations and  shallow  w ater 
work generally th an  a towed “fish ”. However, it is suggested th a t the E.G. 
and G. DCS-3 in strum en t m ight be stream ed from  a boom well forw ard  in  
the survey vessel a t a dep th  which w ould perm it it to look under the keel. 
This w ould obviate the need to handle the  fish  when m anoeuvring and  the 
double swept path  m ight still be greater th an  the single sw athe of the 
MS 47. The more economical use of the ship , m entioned earlier, would also 
counterbalance reductions in  swept path . A towed “f ish ” is below the 
background in terference caused by w aves and  ship noise and largely 
independent of sh ip ’s m otion. It may, in  some cases, also be below the 
therm ocline. U nfortunately , its position relative to the ship can only be 
estim ated, unless ca lib ration  ru n s can be m ade past some p rom inen t featu re  
like an  oil rig or over a large w reck whose precise co-ordinates are know n. 
As one would expect, the h igher frequency 0.1 m illisecond pulse of the E.G. 
and G. DCS-3 gives a better quality  record  and  higher resolution th an  the 
MS 47 (pulse length 1.0 millisecond).

(e) A lthough not tabulated, the following capabilities of the m ine- 
h u n te r’s sonar are relevant. Since it is designed to locate relatively sm all 
m etallic objects on or even below the sea bed, it is the nearest approach 
to a custom  built surveying sonar in service. It is a high frequency short 
range set w ith a lim ited area search capability. An experienced operator 
can estim ate heights, usually  by reference to the know n dim ensions of a 
m ine. It is also possible to m easure the length of a w reck and assess its 
orientation. The accuracy of this m easurem ent is only as good as the w id th  
of the sonar beam  and  d iscrim ination of the display allow. Once again, 
th is is not the designed function of this set.

Precision surveys

7. Background.

P rio r to 1965, a dangerous w reck w as defined as one w ith 20 m etres 
or less of w ater over it. The survey task  in the sou thern  N orth Sea was 
dram atically  transfo rm ed  when th is dep th  w as increased to 30 m etres in 
1967. In the sam e year, precision survey m ethods w ere form ulated  and



cam e into use the following season. The adoption of these m ore rigorous 
s tan d ard s  was necessary  to provide the sort of charting  accuracies req u ir­
ed by vessels draw ing up to 30 m etres and  w orking to under-keel clearances 
of one m etre. Coincident w ith  this step, hydrographers w ere m ade fully  
aw are of the properties of sandw aves. These were researched and  publicised 
by Dr. R. L. C l o e t , D irector of the N ational E nvironm ental Research 
C ouncil’s (N.E.R.C.) U nit of Coastal Sedimentology. As a resu lt, the Hydro- 
g raph ic  D epartm ent w as faced w ith  the daun ting  prospect of re-surveying, 
to its new self-im posed s tan d ard s , an area of the sou thern  N orth  Sea, w hich 
stretched  from  the Goodwins to the N orth Falls and encom passed the 
Sandettie and  F a iry  B anks. T his re-survey is still in  progress.

8. Considerations.

(a) S o u n d i n g .— Precision sounding m ethods are adopted to some 
ex ten t for all surveys inside the 200-m etre contour. The crite ria  are applied 
w ith increasing rigour w ith  reducing  depth  down to 31 m etres w hen all the 
following s tan d ard s are observed, w here applicable.

(1) Reduction of soundings.
(a) The tidal reduction  curve is d raw n on the echo sounder trace as

a continuous line to w hich the zero of the trace read er is con tin ­
uously aligned.

(b) Soundings are given to the nearest 10 centim etres.
(c) B ar checking of the echo sounder is m andatory  at least once a day.

(2) T idal data.
(a) G reat care has to be taken  w ith  the selection of sites for tide

gauges. Bottom  recording gauges in  the survey area  are the 
op tim um  requ irem en t. The gauges m ust be accura te  and  easily 
read  to 10 centim etres.

(b) Co-tidal ch arts  should invariab ly  be used.
(c) Block ad ju s tm en t for co-tidal corrections is perm itted  over very

sm all areas only.

(3) Control.
(a) High o rder electronic contro l is essential. Ideally, th is should be

m onitored in the area. F req u en t independent checks m ust be 
m ade.

(b) L ines m ay have to be ru n  in  two or m ore d irections to establish
both  the general con tours of the area and the a lignm ent of the 
axes of sandw aves.

(c) Lines of sounding should  not norm ally  be opened out to double
spacing un til the 60-m etre contour is reached.

(4) Sea state.
P recision sounding  should not be undertaken  in critica l areas,
i.e. under 31 m etres, if the height of sea waves cxceeds 50 cen­
tim etres. However, in a re-survey, w here the bottom  is known 
to be regular, wave heights up to one m etre inay be accepted.



(b) S o n a r . The inadequacies of the present equipm ent m ake it more 
difficult to lay down rigid instructions for its use. G enerally, except in 
re-surveys of sandwave fields or w hen scientific personnel a re  em barked 
for a specific survey, use of tran sit sonar equipm ent rem ains a t the d iscre­
tion of the surveyor in charge. No official doctrine exists for the use of 
Dual Channel Sidescan equipm ent. Suggestions for its use are given later. 
W orking ru les for “search lig h t” sonars in order of precision are as follows.

(1) A search is m ade along lines in  two directions a t rig h t angles to
cn op p H  a t  t h p  w n r U i n a  r o n tfp  n f  f l ip  p m i i n r n p n t— *- .. ---- D -----r>~ -- ---  -1- r 1 !‘

(see Table II). Sonar work should be lim ited to days w hen the 
best w ater conditions prevail. Sea state should not im pose a roll 
in excess of 5°.

(2) The m ethod is as in (1) above but lines can be opened out as
dictated by sea conditions and  time available. They need not be 
exactly a t rig h t angles. E xtent of the roll should not exceed 10°.

(3) A search is m ade w ith  lines in one direction only. Spacing is
determ ined as in  (2) above.

(c) K.H. MS 47. A suggested m ode of operation for the equipm ent 
would be to  ru n  lines in two directions at right angles up to 500 m etres 
apart, dependent upon the accuracy of contro l available. Only the short 
range scale should be used for the reasons given in P a rag rap h  6.(c) (2). 
The lim iting sea state for this equipm ent will be reached  w hen the 
transducer is rolled out of the w ater.

9. Practical Application.

The survey task  m ay be divided into phases. The anc illary  tasks w hich 
accom pany any  hydrographic survey are not listed. The phases will 
undoubtedly overlap b u t are given in order of im portance.

(a) P h a s e  I. This is the sounding survey of the m ain  area. The full 
requirem ents of P arag rap h  8.(a)(3)(b) need not be satisfied  a t this stage.

(b) P h a s e  II. The sonar area search  is e ither com m enced or perhaps 
continued if it has been possible to ca rry  it out d u ring  Phase I (see Table 
II). This phase is of vital im portance. It m ust be constan tly  borne in m ind 
that one is searching for irregu larities as little as a m etre in  height on any 
part of the sea bed w ith a charted  depth of 31 m etres. W ith  all the present 
equipm ent, th is dem ands the unceasing atten tion  of the surveyor on w atch. 
Only if he is com pletely satisfied th a t he has enough qualified  m en and 
his equipm ent is suitable for the task, should the officer in  charge attem pt 
sounding and  sonar w ork concurrently . This phase w ill be conducted as 
in P aragraph  8.(b). The speed of advance will be determ ined by the m ax­
im um  detection range of the sonar and  depth  of w ater in  the case of 
“searchlight" sonars, (see P arag rap h  6.(b)). In the m ost precise sweep, 
theory holds that each p a rt of the sea bed will be looked a t four tim es [3]. 
W ith sideways-looking sonars, line spacing is a function  of the w orking 
range, w ith appropriate  overlaps. Speed is a function  of horizonta l beam  
width and of pulse repetition  rate. W ith  ou tboard  tran sd u cers , there m ay 
be physical lim itations to speed below the theoretical m axim um .



(c) P h a s e  III. T his involves the classification of all contacts obtained 
in (b) above. It is a com bination  of field and  ch artro o m  w ork and  is 
d iscussed in  detail la te r [P a rag rap h  10.(b)].

(d) P h a s e  IV. Investigations and  exam inations follow  logically from
(c) and supplem ent the w ork  of P hase II. Any sonar or echo sounder con­
tacts  classified as possible w recks m ust be closely investigated . All shoal 
soundings m ust be exam ined in the trad itional way. M ethods of investiga­
tion are illustra ted  in  the  exam ples which follow. L east dep ths over non- 
dangerous features m ay be obtained  by echo sounding or sonar heighting 
a t th is stage.

(e) P h a s e  V. T his involves obtain ing the least dep th  by positive 
m ethods over all dangerous obstructions. This m ust be by w ire d rift sweep 
or diver [sec P arag rap h  10.(d)].

(f) P h a s e  VI. In the w orst possible case this m ay involve re -sound­
ing the whole area on a different o rientation. At best, it w ould probably 
m ean ru n n in g  fu r th e r in terlines. T ran sit or sidescan sonar traverses should 
also be ru n  to supp lem ent sandw ave inform ation.

EVALUATION OF NEW TECHNIQUES

Operational methods used in recent surveys

10. Southern  North Sea. H.M. Ships  Beagle and  Bulldog. A u tu m n  1970.

(a) A c k n o w l e d g m e n t s . The following account of re levan t aspects of 
th is  survey is based on H.M.S. Beagle’s “Reports of Survey”. (Com m ander 
J.B . D i x o n , R.N.). The sam e officer also w rote the firs t naval evaluation 
of the E.G. and G. DCS-3. The perusal of the w ritten  repo rts  was 
supplem ented  by d iscussions betw een the au thor and  H.M.S. Beagle’s 
D iving and  W recks Officers. In fo rm ation  on the em ploym ent of mine- 
h u n te rs  w as obtained from  a rep o rt by Com m ander D i x o n  and  conversa­
tions w ith hydrograph ic officers w ho had  been em ployed in  these vessels 
on survey w ork. The co n trib u tio n  of all the officers concerned is duly 
acknow ledged. The opinions expressed and  conclusions d raw n  are the 
au th o r’s own.

(b) W r e c k  s u r v e y  o f  m a i n  a r e a . The whole area w as sonar swept 
by F ish e rm an ’s Sonar at five knots, w ith lines ru n  in  tw o d irections about 
900 m etres apart. Seven o u t of eight charted  w recks w ere found by th is 
m ethod. A  to tal of 113 o ther contacts were obtained w hich m erited 
analysis. T he plot of these w as laid  over the sounding trac ing  and, where 
a contact coincided w ith  an  ab ru p t rise in the sea bed, m ostly  sandwaves 
in  th is  area, it was a rb itra r ily  assum ed to be a bottom  echo and  plotted as 
such. In th is  way, 42 of the  contacts were classified and  no fu rth e r 
investigation w as ca rried  out. Of the rem ainder, 11 w ere classified from



their position in the W reck L ist as know n, but uncharted , wrecks. Every 
o ther contact was then investigated w ith  the E.G. and G. DCS-3. Runs w ere 
m ade close to the plotted position of the contact w ith the recorder sw itched 
to the long range scale (305 m etres). W hen using th is scale, the “f ish ” 
w as towed 30 m etres off the bottom  w hen the depth of w ater allowed. 
Sm all or doubtful contacts were investigated on the 150 m etre range scale. 
D uring these searches, a succession of sandw aves and o ther irregu larities 
on the sea bed were recorded. At the position of the m ajo rity  of sonar 
contacts, no m arked anomolies were revealed. As the equipm ent had 
been proved on a known wreck, sufficient confidence was felt to accept 
these results. In this m anner, 19 contacts registered as definite bottom  
irregu larities and were classified as such. A fu rth er 35 gave no response 
a t all and  were classified as ephem eral. The rem aining six coniacls w e r e  
new  w recks. The least dep th  over these was established by echo sounder. 
T hroughout the period th a t the E.G. and G. sonar was em barked in
H.M.S. Beagle, Mr. N.C. K e l l a n d  from  N.E.R.C.’s Unit of Coastal Sedim ent- 
ology supervised its use. He instructed  the ship’s staff in  the  operation 
of the equipm ent and w as chiefly responsible for the in te rp re ta tion  of the 
records.

(c) S o n a r  S e a r c h  by  M i n e h u n t e r s . T w o  of these vessels were 
allocated for 10 days to ca rry  out the sonar search of the F airy— Sandettie 
gap and  an  area off the Southfalls Tail. The m ost significant resu lts w ere 
achieved in the form er area, where eight old wrecks w ere confirm ed, one 
uncharted  obstruction was disproved and  three new w recks were found 
and  fixed. Accurate depths over five wrecks were obtained by diver. 
Only a sm all area of the Southfalls T ail was examined, w hich contained 
one know n wreck. This was located b u t nothing else of significance was 
found. The ships were fitted w ith  H i-Fix and em barked a Surveying 
Officer for the duration  of their w ork. Great confidence was felt th a t the 
sweeps resulted  in a thoroughly reliable search of the areas involved.

(d) U s e  o f  d i v e r s

(1) Ship’s divers.
The Com manding Officer of H.M.S. Beagle is a qualified sh ip ’s 
diver. He is also a sub-aqua en thusiast and has pioneered the 
use of free swim m ing to assist w ith survey tasks. In addition, 
the sh ip’s Senior A ssistant Surveyor and tw o of the Survey 
Recorders are divers. Consequently, the ship was in  a unique 
position to evaluate the use of divers to obtain  the least depth  
over a wreck. If the diving boat is fitted w ith  Hi-Fix, it is 
possible for her to anchor on the w reck unaided, allowing the 
the ship to proceed w ith  the survey. In the absence of a suitable 
fixing aid, the ship can be anchored w ith in  sonar range of the 
wreck and con the boat into the “on to p ” position. Once the 
boat is anchored, two divers follow her cable to the bottom  and  
locate the w reck. One of the  divers carries a m arked  line 
tended from  a Gemini dinghy on the surface. The divers locate 
the apparen t highest point of the wreck and signal to the surface. 
The a tten d an t craft then  manoeuvres the line up and down. 
The diver checks the perpendicu larity  and places the zero of



his line on the wreck. He then signals for a m easurem ent to 
be taken. This operation is repeated  and the divers then  move 
on to o ther p rom inen t features on the w reck. A visual estim ate 
of the d im ensions of the wreck, its orien ta tion  and  any identi­
fying featu res m ay be m ade if tim e allows. One of the wrecks 
over w hich H.M.S. Beagle’s divers obtained the least depth was 
la ter checked by a single ship d rif t sweep. The agreem ent in 
least dep th  obtained  between the two m ethods was better than  
one m etre.

(2) Clearance divers.
T he capabilities of the m inehunting  sonar allow  a diver to be 
placed w ith in  one or tw o m etres of an  object to be investigated 
on the sea bed. M inehunters ca rry  trained  team s of clearance 
divers but it is advisable th a t a surveyor should be attached lo 
the team  w hen precision  w ork is required . The divers operate 
from  a  Gemini dinghy as in (1) above. Once over the wreck, 
the  m ethod is identical to tha t em ployed by sh ip ’s divers.

11. Operation V A R N E S W E E P  [4]

(a) The m ultip le sinkings in  the Dover S tra it of the Texaco Caribbean, 
Brandenburg  and  N ikki ,  early  in 1971, and the re su ltan t w reck m arking 
and clearing operations, have reduced the navigable w id th  of the re ­
com m ended dow n-channel rou te  for VLCC to 1 |  nau tica l m iles (2.7 kilo­
m etres) a t the point w here the sinkings occurred (see fig. 1.) In March

F i g . 1. —  T he D over S tra it, p o r tio n  of c h a r t  BA 2675 sh o w in g  th e  effect of the  recent 
m u ltip le  s in k in g s on th e  w estb o u n d  S e p a ra tio n  R ou te .



1971, an  alternative route to the east of the Varne Bank, as show n in 
fig. 1, w as proposed by the D epartm ent of Trade and  Industry . P a rt of 
the rou te  was surveyed in 1970 but the rem ainder relied on older surveys, 
some of w hich were sounded w ith lead and  line. The proposed rou te was 
considered safe for vessels draw ing u n d er 22 m etres but, a t the sam e 
time, an urgen t re-survey was put in  h an d  to confirm  this assessm ent. 
A selection of the most significant w recks and shoal depths found was 
prom ulgated by radio w arn ing  on the 2nd of April and the route then  
recom m ended to shipping w hilst corrections to the charts  w ere prepared.

(b) The survey m ethods adopted w ere dictated by the need to obtain 
rapid  resu lts. Consequently, very few of the provisions of P arag rap h  8 
were satisfied. The survey v.’as controlled  by navigational Decca using 
the A dm iralty  Chart No. 1892 on a scale of 1/75 000 as a plo tting  sheet. 
A co-tidal chart, extrapolated from  the co-tidal chart of the southern  North 
Sea, was supplied by the T idal B ranch of the H ydrographer of the Navy. 
F ortunate ly , the area was close to Dover and the au tom atic  tide gauge 
there could be used.

(1 )  R e s u l t s  o f  t h e  s u r v e y .

(a) General. In four and  a half weeks, an  area of approxim ately
180 kilom etres square was sounded on a scale of 1/75 000: 
parts of it were exam ined on a scale of 1/25 000. The sam e 
area was also thoroughly searched by E.G. and G. DCS-3 and 
all suspicious contacts exam ined by m inehunting  sonar or divers. 
A w ire drag sweep was passed through about 75% of the deep 
w ater (over 22 m etres). One know n and one unknow n wreck 
were d rift swept clear to 22 an d  23 m etres respectively.

(b) Sonar area search and wreck investigations. The area  was sonar
swept by E.G. and G. DCS-3 using the 305 m etre range. 
Searching speed was five k n o ts  and lines were ru n  365 m etres 
apart along the axis of the  channel. The “fish ” was towed 
10 to 15 m etres below the surface in general depths of from  25 
to 55 m etres. A zig-zag p a tte rn  was also ru n  across the area 
to delineate sandwave areas. No new contacts were obtained 
during this second sweep. T he sweep detected 30 contacts w orth  
investigating. All bu t th ree of these were exam ined by m ine- 
hunter. Divers were sent dow n in six instances. The three 
unexam ined contacts were ju d g ed  to be sandw aves and, as the 
drag sweep had cleared them  to 22 m etres, no fu rth e r action 
was taken. Some idea of th e  size and  type of contacts th a t 
were obtained by E.G. and G. sonar is given in Table III. T here 
were seven previously-know n w recks in  the area. The positions 
of some of these were very approxim ate and  some of the w recks 
them selves were very sm all. All the W reck  L ist positions w ere 
examined by the m inehun ter and the resu lts are given in 
Table IV. It can be seen from  Tables III and IV th a t the 
m inehun ter’s classifications a re  not infallible. However, the 
obstructions were located even if they w ere m isnam ed.



T a b l e  III
Analysis of contacts obtained by E.G. and G. Dual Channel Sidescan Sonar

Serial
No.
(a)

Classification by E.G. & G. 

(b)

Classification by minehunter/divers 

(c)

Whether 
dived on 

(d)

1 Doubtful wreck. Probably 
isolated sandwave.

Large sandwave. No

2 Possible wreck or isolated 
sandwave.

Small area of large sandwaves. No

3 Area o f  intense sandwaves. Confirmed. No

4 Possible small wreck. New wreck 30 to 36 metres long. No

5 Probable wreck. Two con­
tacts from opposite di­
rections.

U-boat about 36 m iong lying on 
port side on hard bottom.
(listed wreck)

Ves

6 Possible wreck or 
isolated sandwaves.

Rock 2 m x 1 m x 1 m high. Sonar 
indicated a small metallic object.

Yes

7 Almost certainly a small 
sandwave but could be a 
small wreck.

Sandwaves and rocks. Maximum 
height 1 m.

No

8 Possibly small wreck. Rock about 1 m 50 high. No

9 Wreck. Confirmed new wreck, 27 m long. Yes
(not

measured)

10 Wreck. Confirmed known wreck about 
30 m long x 4 m50 high.

No

11 Possible wreck. Large sandwave. No

12 Good possible wreck. Rock about 12 m long, maximum 
height 1 m. Sonar indicated small 
metallic objects.

Yes

13 Possible small wreck. Small sandwaves with three rocks, 
one of 1 m50, two of 1 m height.

No

12. Evaluation.

(a) E.G. an d  G. DCS-3 [5 ] ,  This in s tru m en t proved itself in 
VA RN ESW EEP to be excellent an d  reliable in  relatively deep open w ater. 
I t  w as still giving good resu lts  w hen the surveying vessels using it were 
forced to take shelter from  a gale. In the hands of a skilled and  experienced 
opera to r (H.M.S. Beagle’s survey), it m ay also be used in  the investigation 
and  classification  role. It is significant, however, th a t the Varne sweep 
re su lts  w ere obtained by a Charge Surveyor and  a Ju n io r A ssistant, who 
had  each received only one d ay ’s sea in stru c tio n  from  Mr. N.C. K e l l a n d  
[see P a rag rap h  10.(b)]. The N.E.R.C. Unit of Coastal Sedim entology is 
program m ed to fu r th e r evaluate th is equ ipm ent and to com pare it w ith 
the  K.H. MS 47 in the  T ham es E stu a ry  la te r th is year [6], Like m ost 
m odern surveying equipm ent, the E.G. and  G. DCS-3 requ ires a h igh level



T a b l e  IV
Analysis of results obtained by minehunting Sonar

Serial
No.

(a)

Wreck list 
description

(b)

Minehunter’s report 

(c)

Whether found 
by E.G. and 

G. DCS-3 
(d)

Remarks

(e)

1 Scuttled drift­
er. Upper- 
works remov­
ed.

Wreck 30 m x 5 m. Yes

2 Dumped
boiler.

Not found. Sandwave in 
the vicinity.

No Outside 4U m 
contour.

3 Small motor 
yacht.

Not found. No Outside 40 m 
contour.

4 Two barges, 
(no masts)

Both barges found broken 
up and heavily silted 
about 1 m 50 clear of 
bottom.

No

5 Wartime M.L. Located lying in a dip 
between two sandwaves. 
Partly broken up and 
silted to N.E. Approx. 
30 m long and standing 
approx. 1 m50 off 
bottom.

No

6 U-boat. Not found No Intense sand­
waves in area.

7 U-boat Confirmed wreck. Yes This wreck was 
some way from 
its listed posi­
tion and was 
not found in 
the minehunt­
er’s initial in­
vestigation. Lo­
cated in Sonar 
sweep, (see line 
5, Table III)

8 Not listed. Probable wreck. Yes Small peak al­
most under 
survey vessel. 
Investigated by 
divers ; sand 
ridge only.

of technical support. The surveyor in charge m ust m ake the tun ing  of 
the set and in terpretation  of the records his province.



(b) E m p l o y m e n t  o f  m i n e h u n t e r s . In terest in the use of these vessels 
stem s from  Com m ander C.E.K. R o b i n s o n ’s favourable report of the hydro- 
graphic by-products of O peration NEW  BROOM in 1968. He was attached  
to the B ritish  elem ent of th a t operation and assisted in  analysing the 
results. The assistance afforded to H.M.S. Beagle’s w ork in  1970 stem s 
from  th is association. The lessons learned in the N orth Sea were sub­
sequently  applied to good effect on VARNESW'EEP. A study  of the 
relevant tables and reference to P arag rap h s 10.(c) and 11.(b)(1)(b) reveal 
the ex tent to w hich the em ploym ent of these vessels reduces the tim e taken 
for a precision survey and greatly  enhances its reliability. It is stressed, 
however, th a t the m inehun ter m u st be well worked up, be fitted  w ith  the 
sam e fixing aid as the survey sh ip  and carry  a hydrographic specialist.

(c) U s e  o f  d i v e r s . W ith  all the m odern aids to underw ater work, 
there is still none to equal the hum an  eye and brain. An exact parallel 
w ith space exploration and research  suggests itself. An in itial assessm ent 
of the potential for effective use of divers in the m urky  w aters of the areas 
reviewed above would be to discount them . The slack w ater period in 
the Dover S trait, for example, only perm its about an  h o u r’s actual diving 
tim e a day a t Springs. However, it has been shown that, provided the 
diver can be precisely positioned, he can m ake very w orthw hile use of the 
little tim e available. Not all surveying ships are as fo rtuna te  as H.M.S. 
Beagle in the diving talen t at th e ir disposal. Since the N orth  Sea and 
Dover S tra it are no place for unw orked-up diving team s to learn  th e ir job, 
it is probable th a t the best recourse would be to request assistance from  
the F leet C learance Diving Team , if no m inehunter were available.

(d) K e l v i n  H u g h e s  F i s h e r m a n ’s S o n a r . This m uch-m aligned in s tru ­
m ent should not be overlooked in  the en thusiasm  which m ay be felt 
for new er tools. It will be noted  th a t the six new w recks in  H.M.S. Beagle’s 
survey [P arag rap h  10.(b) ] w ere ac tua lly  located w ith this set. I t was 
not em ployed on VARN ESW EEP; so no direct com parisons are available. 
However, provided due allow ance is m ade for its lim itations, th is  set can 
still be regarded  as an adequate area search  device in  depths between 20 
and  45 m etres. The au th o r’s experience over the past three years certain ly  
supports th is view.

CONCLUSIONS

13. The Situation today.

The surveyor’s task has ever been laborious, painstak ing  and  unending. 
This has never been more ap p a ren t than  today. New equipm ent, faster 
ships or survey speeds just seem to bring m ore w ork instead of less time 
on the sam e work. The problem s of m odern surveys to m eet the new 
stan d ard s  are form idable. But VARNESW EEP showed w hat it is possible 
to achieve even under the p ressu re  of these new requirem ents. The 
com forting aspect of th a t survey w as that, not only could it be com pleted



satisfactorily  using the tried  m ethods of the profession, bu t th a t our pre­
decessors had only m issed one shoal area. Even th a t w ould scarcely have 
been deemed a hazard  as recently as 1945. Confidence is felt th a t the 
m ethods outlined above, allied to the im provisational skill of the resource­
ful surveyor in adapting  new equipm ent to his purposes, will enable present 
dem ands to be met. The lim itations of equipm ent in service are adm itted  
to and deplored. But there is a well-know n English proverb which inhibits 
too harsh  a criticism  of the tools of one’s trade. Before exulting too m uch 
over the success of VARNESW EEP, it m ust be rem em bered th a t the clearing 
depth was 22 m etres, not 30 m etres. However, the la tte r standard  was 
achieved in H.M.S. Beagle 's work.

14. The way ahead.

Clearly, some of the expedients adopted at p resen t are  only in terim  
m easures. Research and development m ust proceed even if we appear 
to be keeping on top of our job at present. The E.G. and G. DCS-3 should 
be employed for sonar area surveys in critical areas outside the 30-m etre 
contour. The em ploym ent of m inehunters m ust be considered m andatory  
for critical area surveys inside the 30-m etre contour. In any area where 
the rapid production of results is of vital im portance, serious consideration 
m ust be given to employing m inehunters fo r wreck searching, while survey 
vessels progress w ith sounding. Oropesa sweeping is no longer feasible 
now that clearances have to be checked so close to the bottom . In addition, 
the uncertain  depth keeping qualities of this sweep requ ire  too large a 
safety m argin in the m odern context. A w ire drift sweep, however, rem ains 
the only positive m ethod of determ ining an accurate least depth over an 
obstruction. This will continue to be so until an in strum en t is produced 
capable of detecting a ship’s m ast w ith absolute ce rta in ty  and  heighting 
it to better than one half metre. The challenge of VARNESW EEP has 
been met, providing a vindication of the old m ethods and  revealing fu tu re  
trends. However, even though hydrographic surveyors m ay feel confident 
in their ability to face w hatever problem s the 1972 season may bring, this 
m ust dim inish as the decade advances unless considerable im provem ents 
are forthcom ing in certain  areas. The problem of m easuring off-shore 
tidal heights has only been touched on here. But all o ther advances will 
be nullified unless th is vital m atter can be resolved. Survey vessels of the 
fu ture will unquestionably have to acquire data over 100% of the sea bed, 
particu larly  on the C ontinental Shelf. F or the m om ent, surveyors m ust be 
satisfied th a t when they leave an area, all hazards to p ruden t navigation 
have been located.
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