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ABSTRACT

A discussion o f the needs and requirem ents o f  the N ational Ocean Survey 
w ith respect to future hydrographic survey depth recorders. A sum m ary  o f the 
functional specifications recom m ended by the study team  is also presented.

*
* *

In April 1979, the D irector o f the N ational Ocean Survey (NOS) directed 
the establishm ent o f  an NOS study team  to conduct investigations to determ ine 
the functional specifications for a replacem ent shallow  w ater depth sounder.

A t the initial organizational m eetings o f  the team , efforts w ere m ade to 
establish a philosophy for the study and a m ethodology for conducting it.

Som ew hat in keeping w ith  the recent popu lar “AH you  w anted  to know  
abou t...” books, the study team  m em bers each contributed  lists o f  questions, the 
answ ers to w hich they felt w ere essential to anyone w ho w anted to specify a 
hydrographic survey depth sounder. These questions w ere condensed into basic 
topics w hich were divided am ong the study team  m em bers for investigation and 
resolution. The bulk o f  the team  meetings w ere devoted to detailed discussion on 
the various topics as the m em bers reported their findings, frustrations, and future 
direction. This fram ew ork proved to be highly successful. Individual m em bers 
w orked up certain issues for w hich they had the technical background and
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Fig . 1. -  S tudy  team  process schem atic.

experience; they then presented  the issue, discussed it, and strived to achieve a 
consensus from  the entire study team . In th is w ay positions, bo th  p ro  and con, 
on the issues w ere discussed relative to the advantages, disadvantages, and gene­
ral consequences o r system  im pacts o f espousing a particular recom m endation.

Figure 1 show s the process in schem atic form . The team  developed salient 
questions and sought answ ers from  a variety  o f sources, w ho  responded quickly 
w ith  value judgm ents, considered opinions, etc. M any NOS hydrographers res­
ponded  to a questionnaire th a t w as developed to obtain their input to the study.

The N O A A  ship W hiting  con tribu ted  to the study by assisting in the deter­
m ination  o f  acoustic noise characteristics o f  a Type 1 launch. The N O A A  Ship 
R ain ier  and the N aval Postgraduate  School assisted by m aking available early 
results o f  the m ultiple beam w id th  and  m ultiple frequency tests. M any individuals 
w ith in  NOS assisted by provid ing  inpu t and critical review s on portions o f the 
study report.

T he study w as scheduled for com pletion in Septem ber 1979; how ever, this 
date w as not met. The com plete report w hich docum ents and supports the 
recom m endation  is forthcom ing w ith in  a short tim e follow ing this conference.

One o f  the first topics to be discussed during the studies w as “W hy is a 
replacem ent necessary ?” There w ere several factors w hich indicated tha t a rep la­
cem ent m ay be necessary. P rim ary  am ong these w as the aged condition o f the 
presen t system s, m any o f  w hich  w ere purchased  8 o r m ore years ago. A nother 
im po rtan t topic addressed w as “W hy n o t ju st purchase a new er version o f  the 
Ross o r  R aytheon units w hich  NOS is presently  using ?” To this question came



the answ er that there  w ere m ultiple non-trivial reasons w hy  NOS should strive 
for a system  w ith  operating  and perform ance capabilities th a t could only  be 
achieved w ith  system s w hich  had m ultiple frequencies a n d /o r  beam w idths.

NOS charting  responsibilities, present and future, require im provem ent in 
present survey system s and techniques for acquiring and processing sounding 
data in support o f  changing uses for nautical charts, as w ell as scientific and 
engineering research and developm ent.

NOS has established the need to m odernize and update the coverage o f  their 
chart series. As a m eans o f  meeting these needs, NOS is introducing autom ated 
techniques in data handling, processing, com pilation, and p roduction  in order to 
reduce the tim e interval betw een data acquisition and dissem ination  o f new  charts 
to the using public. The basic purpose o f  the shallow  w ater dep th  sounder is to 
provide accurate data for use in bo th  nautical charts and bathym etric  m aps. 
N autical charts serve to instruct m ariners as to the dangers to surface navigation, 
particularly  w ith in  coastal w aters. To construct nautical charts, the  m ost shallow  
depths recorded by a depth  sounder are em phasized to  stress the navigational 
hazards. B athym etric m aps, how ever, are intended to instruct one  in the physical 
shape on  the bo ttom . To construct a bathym etric m ap, bo th  the  peaks and deeps 
recorded by a depth sounder m ust be given equal im portance in representing 
bo ttom  features.

The survey requirem ents on data for bo th  these nautical and bathym etric 
purposes are closely allied w ith  regard to shoaling features. In either instance, the 
field hydrographer should  further develop an area, as prescribed by  the h y d ro g ra ­
phic m anual, w hen there are reasonable indications that shoal features m ight exist 
w hich have no t yet been directly under the survey vessel. R egardless o f  w hether 
a sounding represents a peak or deep, the accuracy, bo th  vertical and horizontal, 
o f the in form ation supplied to a cartographer rem ains the sam e for the p ro d u c­
tion o f  a ba thym etric  m ap.

Therefore, high resolution  data w hich  are appropriate  for bathym etric  m ap ­
ping o f  an area also satisfy nautical charting needs. H igher resolution  o f  the 
bottom  acoustic re turn  is one o f  the reasons w h y  the hyd rog raph ic  com m unity  
has been m oving tow ard s greater and, in som e cases, exclusive use o f  narrow - 
beam  high frequency sounders. It achieves high resolution data th rough  negative 
im pact on survey efficiency.

It appears th a t NOS, having prim arily  em phasized th a t a sounder should 
accurately m easure the dep th  o f  w ater directly beneath the  transducer, m ay have 
reduced its capability to locate shoal features and items o f  relatively sm all cross- 
sectional areas such as rock pinnacles, w recks, etc., in a reasonable am oun t o f 
time.

M ost narrow -beam  echo sounders have one basic lim itation  in th a t they 
give no  inform ation on  either side o f  the launch track line. T his shortcom ing, 
w hich  m ay be significant in the proper developm ent o f an  area, can be overcom e 
by operating a broad-beam  system in conjunction  w ith  the basic narrow -beam  
echo sounder. This allow s for m uch greater inform ation to be obtained abou t the 
bottom  while obtain ing a high resolution delineation o f the  b o ttom  required by 
the hydrographer. In the proposed dual frequency depth sounder, additional p o ­



tential inform ation is obtained because the broad-beam  transducer is also a low er 
frequency than the narrow -beam  sounder.

H istorically, depth sounder recorders w ere designed so tha t echoes from  a 
sequence o f  transm ission pulses could be conveniently correlated by a trained 
observer to obtain a rapid visual check on data confidence and to recognize any 
individual echoes that varied significantly from  the norm al, as well as patterns 
w ith in  the  echoes th a t w ere  characteristic of certain bottom  features. This sort of 
subjective in terpretation  o f  echo inform ation requires presentation o f  the total 
echo returns.

T he am oun t o f  in form ation  one m ight glean from  a fathogram  depends on 
the size and shape o f the footprin ts, pulse length, transm ission frequency, and the 
resolving ability o f  the graphic recorder. There are several com m only  observed 
features o f  bo ttom  echoes. These include groups o f  echoes, each having the sam e 
length as the outgoing pulse, bu t w ith  distinct arrival times, in w hich  case part 
of the echoes m ight break into sho rt crescent-shaped sequences. The crescent 
sequences are interpreted as being a series o f echoes from  highlights on the 
bottom . W hen an echo sequence breaks up into m ore o r less w ell-defined cres­
cent sequences follow ed by fainter patchy  returns, a trained observer can estim ate 
the roughness o f  the bottom . H igher roughness elements reveal them selves by 
m ore prolonged crescents. R eading fathogram s for this ex tra  inform ation can 
provide a hydrographer in the field w ith  the im petus to further develop an area 
around a track line that has sho w n  reasonable indications o f  shoaling.

On the o ther end o f the  scale o f  inform ation that can be gleaned from  a 
fa thogram  lies a vast area related to  deposits that are in term ediate betw een 
m uddy w ater and m uddy seabeds and occur as a dense, soupy layer above the 
bed. This phenom enon is well k n o w n  in harbors and ports that are located at the 
m outh  o f  a river. T he first echo re tu rn  com es from  the surface o f  the fluid m ud 
follow ed by a stronger and longer echo return  that com es from  underlying 
cohesive m ud. In this instance, the character o f the fathogram  trace is heavily 
dependent on the frequency o f  acoustic transm ission and the pulse length. Since 
the floating m ud tends to have a featureless upper surface, the shape and size o f 
the foo tprin t are o f  little im portance. E rrors in true depth that occur from  using 
this first echo m ight have been acceptable for nautical charts because they defini-

•  SIMULTANEOUS DUAL FREQUENCY OPERATION OF 

NARROW BEAM, HIGH FREQUENCY AND BROAD 

BEAM, MEDIUM FREQUENCY

•  ALL SOUNDINGS IN UNITS OF METER WITH A 

RESOLUTION OF 0.01 METER

MEDIUM 20-30 kHz 30-45°, -lOdB BEAMWIDTH

HIGH 100 kHz 7.5-10°, -lOdB BEAMWIDTH

Fig 2. -  M ajor characteristics o f p roposed depth  recorder.



Scale
No.

D epth range 
(meters)

Pulse length 
(millsec)

Pulse rate 
PPM

A utom atic 
ch art speed 

cm /m in

1 0-20 0.12 600 16 cm /m in
2 15-35 0.12 600 16 c m /m in
3 30-50 0.12 600 16 c m /m in
4 40-80 0.25 300 8 c m /m in
5 70-1 10 0.25 300 8 c m /m in
6 100-140 0.25 300 8 cm /m in
7 120-200 0.50 150 4 c m /m in
8 180-260 0.50 150 4 cm /m in

F ig 3. -  D epth recorder scale characteristics.

tely cause m ariners to exercise greater caution. The errors are, how ever, in tolera­
ble for bathym etric maps because the featureless top o f the fluid m ud m asks the 
real features o f  the bottom .

A survey o f sedim ent types over the 1980-84 prim ary survey areas in the 
Pacific, A tlantic, and G ulf coasts w as conducted using the bottom  type annotated 
on nautical charts and from  published literature. It was found that there is a 
com plete cross-section o f bottom  types in the 1980-84 priority  survey areas, from 
sand-gravel bottom s to very low  density m ud and grass-covered areas. There are 
large, m ud-covered areas w here potential low -density layers exist on all three 
coasts. It w as concluded th a t the  replacem ent depth sounder required both  high 
resolution capability and the presentation o f  total echo returns. The form er is for 
use by an on-line com puter or autom atic data logger, and the latter is to preserve 
inform ation th a t m ay be obtained from the fathogram  by hum an scrutiny.

• PROBABILITY 0.95 OF DETECTING A BOTTOM WITH 

SCATTERING STRENGTH >  -45 dB/m2

• FALSE DIGITIZATION ON NOISE WILL OCCUR ON NO MORE 

THAN ONE DEPTH SCAN OUT OF ONE THOUSAND DEPTH 

SCANS

BOTH OF THESE APPLY TO ALL RANGES BETWEEN 

0.3 AND 260 METERS UNDER BROAD BAND 

NOISE CONDITIONS AT THE TRANSDUCERS OF

57 dB RELATIVE TO 1 MICROPASCAL 

IN A 1 Hz BAND AT THE MEDIUM 

FREQUENCY

30 dB RELATIVE TO 1 MICROPASCAL 

IN A 1 Hz BAND AT THE HIGH 

FREQUENCY

Fig 4. -  P erform ance specifications.
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T w o  main system level constraints were considered during this study :
(1) the necessity o f  installation on a Type 1 Launch;
(2) the interface requirem ents o f  the H ydro-Log system.
A third im portan t  factor given consideration w as the desire for operating a 

launch vessel heave m easurem ent system in conjuction with the depth sounder.

W ith  w hat w as deemed to be proper consideration for the physics involved 
in acoustic depth sounding, the NOS operating environm ent,  and the market 
availability, the team recom m endation  is being m ade for a depth sounder w ith  
the characteristics outlined in figures 2 th rough 6. The soundings will be m ade in 
units o f  meters with resolution o f  0.01 meter and an accuracy < 0 .1  meter 
+ 0.25 percent o f  measured depth.

The sounder will operate with eight scales as sho w n  in figure 3. The specifi­
cation for the perform ance is given in figure 4 as tw o  probabilities : real detec­



tion  and  false detection. The system  perform ance w as evaluated under the as­
sum ption  o f bo ttom  scattering. This is m ore conservative than  the assum ption o f 
bo ttom  reflection.

Figures 5 and 6 outline requirem ents to be placed on the recorder portion  
o f  the depth  sounder. A digitized po in t record  is to be a digitized dark line 
starting  at the digitized depth value and extending dow n for 1 millimeter.

Figure 7 is a m ock-up o f  a fathogram  using m ode 3 display show ing a 
peak and  a deep bo ttom  feature. The figure show s those depths passed to the 
H ydro-L og as being m arked by a line extending from  the digitized point record 
th ro u g h  the heave record. The figure also show s position reference points being 
m arked by a line extending across the entire graph and annotated  w ith position 
con tro l num bers. The three-figure num bers show n at the upper and low er p o r­
tion o f the heave record  scale indicate the status o f operator controls. The heave
|3CU1W ** VU1U 1 VliiUill  ̂• 1 111VLV1 / lllUVt>VUUVJll W X vu OVUlhc o o  I r\ r">

w hich  the sounder is w orking.

A PERSONAL MEMOIR WITH A TWIST

I first m et C aptain I.V . T e g n e r  at the  1962 C onference, after w hich w e 
co rresponded . A gain w e m et a t the 1967 C onference. In due course, in 1973, w e 
m et again in M onaco  bu t this w as after he had retired to C ap d 'A il and I had 
jo ined  the staff o f  the IHB.

T hen  cam e the day w hen  C aptain and  M rs. T e g n e r  decided to return  to 
C openhagen  to live. W e invited them  to o u r  apartm en t to say farewell and he 
arrived  w ith  a parcel contain ing  tw o  A ustralian  boom erangs and  a w oom era. They 
w ere obviously  the  genuine hand-m ade article. He told us the tale.

In the early  1920's his father received a letter, bearing the sim ple address 
“M r. T e g n e r , C openhagen", from  his b ro th e r w ith w hom  contact had been lost 
since he w en t to A ustralia  m any years before. The b ro th e r’s one request w as to  
m ake contac t w ith  the family before he died. He gave no address ! The fam ily 
detailed o ff the  young  L ieutenant T e g n e r  to go to A ustralia and  m ake contact w ith  
his uncle.

W ith  a dilly bag and  a bu rb erry  he set o ff and, for reasons he did no t tell 
me, proceeded  on a ‘h u n c h ’ to  Q ueensland and to a tow n  called M aryborough . 
T here, in the electoral rolls, he found  a T e g n e r  living at M oun t M olloy, a sm all 
m ining to w n  in land from  C airns. He persuaded  a bullock d river to take him along 
on  his rou tine supply  jou rney  and , after literally sw im m ing flooded stream s, he 
reached M ount M olloy and found  U ncle T e g n e r , old and p art blind, w ith a faithful 
friend, an A ustralian  aborig inal “tracker".

A fter tw o  w eeks, his mission achieved, young  T e g n e r  took his leave for the 
long jou rney  back to D enm ark . As he left, th e  old aboriginal handed him tw o real 
b oom erangs and  a w oom era , the stick used to  lengthen the arm  for spear th row ing .

F rom  th a t day on , these artifacts w en t everyw here  w ith T e g n e r , including 
G reenland  and, p resum ab ly , Spain, hanging alw ays, he told me, on the bulkhead o f  
his cabin , until he w as ab o u t to leave M onaco for C openhagen. As he gave them  to 
us he said, “ I th ink  it is tim e they w en t hom e !"

A.H .C.


