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ABSTRACT

FOOTE, K.G. 1981. Echo sounder measurements of backscattering

1981 (6): 1-107.

Acoustic backscattering by solid elastic spheres has a history of
experimental and theoretical investigation, but little
application. 1In order to facilitate the precision calibration of
sonars, echo sounders, and echo integrators, the present study
aims to provide sufficient new experimental data to test a
necessary extension of theory which avoids the limitations of
continuous-wave ensonification and infinitely-narrow-bandwidth
reception. The gathered data thus include the following
parameters for each echo sounder: the duration and center
frequency of the transmitted, pulsed sinusoidal signal, and the
frequency response function of the receiver. Other essential
data reported here are the diameter, density, and material
composition of each sphere, and the medium hydrography, or
temperature and salinity. Annexed periferal data include the

individual sphere suspensions and received echo waveforms.

The backscattering cross sections of twenty nine spheres were
measured with each of the echo sounders whcse respective nominal
operating frequencies were 38, 49.5, 70, and 120 kHz. The same
nominal pulse duration of 0.6 ms was used. Sphere diameters
varied from 35 to 130 mm. The characteristic product of
wavenumber and sphere radius thus spanned the range from 3 to 34.
No assumptions were made about the equipment calibration other
than that it remained constant over the duration of the
experiment. The measurements are thus purely relative, but
consistent for each echo sounder. Conversion factors allowing
expression of the measurements in absolute units are provided by

reference to theory.




INTRODUCTION

Calibration of hydroacoustic equipment is generally problematical.
In the case of transducers, for instance, there appear at times to
be as many techniques as there are experimenters or users. URICK
(1975) gave twenty seven references on the subject. The number
today is much larger as is evident from inspection of recent

indexes of the Journal of the Acoustical Society of America and

from bibliographies compiled for the same journal by WHITE and
TEAS (1976-81).

The current problem of interest, and motivation for the study
reported here, that of calibrating echo sounders and echo
integrators for use in fisheries research, is no less troublesome
or intriguing. Some popular solutions are the following:
conventional calibration by hydrophone (PETTERSEN 1969, FORBES and
NAKKEN 1972, BODHOLT et al. 1979), simultaneous counting and
integration of single fish echoes from a sufficiently dispersed
aggregation (MIDTTUN and NAKKEN 1971), integration of the echo
from an encaged aggregation of fish suspended in the echo sounder
beam (JOHANNESSEN and LOSSE 1977), and measurement of a
stationary, passive target with presumed known target strength,
e.g., ping pong ball (WELSBY and HUDSON 1972, TRAYNOR and
EHRENBERG 1979, FORBES et al. 1980, TRAYNOR and NELSON 1981) or
metal sphere (WALLACE EE i&. 1975, TRAYNOR and EHRENBERG 1979).
These methods display a diversity like those of transducer
calibration, and similarly express a latent dissatisfaction with

available methods or need for highly specific techniques,

The present study springs from several sources. The first is the
experience of the instrumentation group at the Institute of Marine
Research with the hydrophone method, which has proved unreliable.
The second is the long-standing desire of the acoustics group at
the Institute to know what the absolute calibration of the
equipment is, independently of fish behaviour. Such
considerations resfrict choice of the calibration method to that
of a simple target with presumed known acoustic backscattering

cross section. Given the success of the instrumentation group in

>




obtaining consistent, if relative results with metal spheres in
exercises conducted along with conventional hydrophone
calibrations since 1979, it was natural to investigate similar
targets. The fact of distant colleagues' complaints about ping
pong balls, including suspicions voiced in the literature
(TRAYNOR and EHRENBERG 1979), precluded consideration of these
and other non-robust targets. The existence of a rudimentary
theory for scattering by elastic spheres (FARAN 1951, HICKLING
1962), moreover, and possibility of forming the target of glass
or plastic led to the general investigation of elastic spheres as

calibration targets.

General aims of the overall calibration study, the so-called
Calibration Sphere Project, may be phrased through these
guestions: What is the target strength of an elastic sphere as
observed by an eého sounder? What is the best material and
sphere size for calibration of a given echo sounder? How should
the sphere be suspended in the echo sounder beam? What
methodology is most efficient for calibrating echo sounders and

echo integrators by elastic spheres?

A shortcoming with theory that was recognized at the outset of
the study was its formal limitation to the idealized conditions
of continuous-wave ensonification of the target or infinitely-
narrowband reception of the echo (URICK 1975, CLAY and MEDWIN
1977). Extension of theory to the general case of transient
ensonification of an elastic sphere and reception of the echo by
an intrinsically wideband receiver, which characterize ordinary
uses of echo sounders and sonars, thus constituted a first step
in the study. Confirmation of the expanded theory and
exploration of different candidate materials for the calibration

sphere was the goal of the first experiment of the project.

The success of the experiment may justify the somewhat inclusive
presentation of its data here. At the least, such detailed
documentation establishes a solid foundation for the further
exercise of theory, as in solving the dual problem of specifying

the best material and sphere size. As a second experiment has
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already been conducted, with both confirmation of the target
strengths of new, theoretically optimal spheres and elucidation
of a rather simple calibration methodology, the present report
also prefaces and supplements other reports, e.g., FOOTE et al.
(1981) and FOOTE (1982), describing attainment of the project
goal: straightforward absolute calibration of echo sounders and

echo integrators,

MATERIALS AND METHODS

The measurements were made from an instrumented raft anchored
near the end of a narrow, sheltered fjord called Kvalsvaagen,
near Skogsvaag on the island of Sotra, west of Bergen. Under
ordinary conditions the raft acted as an essentially stable
platform. The water column, including measurement volume
immediately beneath the raft, was completely isolated by a sprat
seine with 10 mm-mesh size. This was held to the soft mud
bottom at uniform depth of 15 m both by the weight of an extra

5 m-length of seine and by lead weights attached to the bottom
edge. All but the smallest fish, larvae, plankton, and other
extraneous scatterers were thereby excluded from the measurement
region. The tidal range of 0.75 m produced only an immeasurable

current.

Nearby shore power - 5 kw of 50 Hz, three-phase alternating
current - was carried to the raft by underwater cable. This was
distributed in two networks, with regulation of the mains voltage

of that network supplying the echo sounders and echo integrator,

The acoustic backscattering cross sections of twenty five
spheres, the subjects of the experiment, were measured. Several
of these were used in different forms, e.g., with and without
protuberances and diametral bores, producing a total of twenty
nine different scattering entities. These are divided into

three groups for ease of description in Tables 1-3,

The copper spheres are described in Table 1. The copper was
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obtained from P. Ericksen A/S in Bergen. It is electrical-grade,
at least 99.9 per cent pure, with possible admixture of silver.
It satisfies the Norwegian materials standards NS 16010 or 16011,
which conform to the International Standards Organization ISO
Cu-ETP/Cu-FRHC and Cu-OF, respectively. The density of the
copper was obtained by measurement of a cylinder machined from
the source bar of several spheres. This yielded 8.942 * 0.002
g/cm3. The mean sphere diameters shown in Table 1 were computed
from this value and measurements of the mass. Agreement of
computed and directly measured diameters was excellent; the
computations effectively served to determine the averages of such
measurements. Deviations from sphericity exceeded 0.03 mm only
in two cases, for spheres CU40 and CUS50A, for which the greatest

deviations were about 0.05 mm.

Other machined spheres are described in Table 2. The percentage
alloying composition of the acid-fast steel is 17.5 Cr, 12.5 Ni,
and 2.7 Mo, with a maximum carbon content of 0.06. This meets
the Swedish standard SIS 2343 and U.S. standard AISI 316, with
nominal density of 7.9 g/cm3. The exact compositions of the two
other steels are unknown. The brass is actually ferromanganese
bronze with percentage analysis: 60 Cu, 35.3 Zn, 0.5 Pb, 1 Sn,
0.4 Al, 0.8 Fe, 2 Mn. Both the stainless and acid-fast steels
and brass were chosen for their resistance to corrosion. The
sphere designated NYL60 was machined from Dupont Duralin. The
diameters of all spheres in Table 2 were determined by averaging
several measurements with a micrometer. The material density was

computed from corresponding measurements of mass and diameter.

Ball bearings used as target spheres are described in Table 3.
These were obtained from the Swedish Ball Bearing Company, Or
Svensk Kulelager Fabrikk. The material composition is steel,
but this was not the same for all the spheres, although precise

quantitative differences are not known.

Each sphere, with a single exception, was enmeshed in fine seine
or a specially constructed net bag woven of monofilament nylon.

In the exceptional case, that of the sphere designated HOFFN2,




8304

u Gy ﬁ@hucmo ‘pabbntd

LS°0 LS°0 SprUpuRH -§s®Iq YITM ‘poaIIedg - £°v06 01709 umoumun G ZdWD
(09°0) S9°0 Speupury 908" L §°9v0T 067€9 S° €9 §°zads
opIsTIBPUN U0 Po13ouy 9JX0( ASJSWETD WM G*7
9€°0 oxoq ybnoayz suIT :oUON TRIFUSD YITM ‘pITEIUUY - AR A 970§ 87 0S CNAAOH
9€°0 61°0 ysaur ut 61 108°L G GES 08°0¢S B80S gz s
9€°0 LE°0 Uys8W umlt G°g 108°L G"GES 08°0S 8°0S Ygads
9€°0 90 spewpueH L6l L 6°GCC otT°8t 1°8¢ S TIIS
() (uruz) adAg uotildriIosap A8YIQ AmEO\mv (b) sseR paInsesy TeUlWoN SweN
"Weyp SUTT WERTD SUT] Ai1susp (uwy  x83°UWETQ
uotsusdsng beq 3sN paanduo)

*23ewiase ue g1 A3Tauvenb

TeoTisyausied ayy °siobiel orisnooe se pasn sburiesq (Teq 19931s jJo uotadrioseq € °1del

10



the sphere was hung by a single line passed through the bore and
knotted on the underside. The type of wrapping and thickness of
constituent line are shown with corresponding sphere in Tables 1-3.
Also shown there is the thickness of line used in suspending the
sphere. Typical examples of net bags with enmeshed spheres are

shown in PFig. 1.

The spheres were generally kept in buckets half-filled with a
solution of ordinary household detergent and fresh water mixed in
the approximate proportion of 1 to 25. The use of a separate
suspension line for each sphere allowed the transfer from soapy
bath to water column beneath the measurement well to be made
without direct handling of the sphere. The wetted surface was

thus maintained.

Under measurement the target sphere was suspended at 2.5 m depth
on the nearly common geometric and acoustic axes of four
transducers. These were arranged in a tight cluster on a
stabilized frame suspended at 11.5 m depth, within the
raft-isolating seine and directly beneath the measurement well,
looking upwards toward the surface. The geometry of measurement,

sans seine, 1is shown in Fig. 2.

The basic hydroacoustic equipment consisted of four pairs of
Simrad echo sounders and transducers. The echo sounders were
the EK-38, EKR-50, EY-M, and EK-120. At each nominal center

or operating frequency, respectively 38, 49.5, 70, and 120 kHz,
the corresponding transducer had a full-beamwidth of
approximately 20 deg. Because of their rather dense clustering
on the suspended frame and use of a 9 m-range, the beam patterns
were nearly coincidental and constant in the vicinity of the
target sphere. Possible detrimental coupling effects between
adjacent active and passive transducers were not observed, at
least for the transmit pulse duration of 0.6 ms. This was
nominally the same for each echo sounder throughout the
measurements, Circultry effecting time-varied gain in the
receiving halves of each echo sounder was bypassed. The

3 kHz=-bandwidth filters of the EK-38 and EK-120 echo sounders,

11




(a) Cu3sC- (b) BRS60

(c) NYL6O (d) STLS9S

Fig. 1. Examples of net bags with enmeshed spheres. Dimensions

are indicated only approximately owing to parallax.
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the two units having several filters, were selected.

~ CREW MEASURE- LAB
ACCOMODATION|  MENT
WELL n A
LAND-TIE < X 1—s> LAND - TIE
T % x 4 N Sasanatne
2.5m
ANCHOR / s TARGET \ANCHOR
SPHERE
SKW
SHORE POWER
11.5m CABLE
- TRANSDUCER
P /.~ CABLE
| }
\\ /l
NS
\“-m-ﬁ/
(L STABILIZED
TRANSOUCER 7
FRAME

Fig. 2. Side-view ¢f the measurement configuration, showing one
of four clustered transducers with its approximate beam

pattern.

The echo sounders were triggered pairwise by signals generated

in a specially-built electronics unit whose timing was controlled
either discretely by an external clock, e.g., time~code
generator, or continuously by internal clock. Pulse repetition
frequencies from 54 to 594 pulses per minute per echo sounder
were available, Given the 9 m active range and ensonification

gecometry, the nominal rate of 200 ppm per echo sounder was used.

Echoes were processed first by the receiving units of the
individﬁal echo sounders less time-varied-gain functions. The
calibrated output signal of each echo sounder was further
processed by the Simrad QD digital echo integrator. This
computed the energy contained in the echo from a specified range

interval, stored the value, and periodically, according to

13




programmed instruction, computed the various statistics of the
echo energy. These included the mean, standard deviation, and
coefficient of variation. Computations were performed both for
the immediately preceding series of ensonifications and
cumulatively for all ensonifications from the start of a
particular sequence. Results, which were discriminated by echo
sounder, were rapidly printed out through the input/output link

of a Silent 700 typewriter terminal.

Typical parameters of the data collection process were 500 pings
per printout series and from two to ten printout series per
sequence. Typical measurement sequences contained, therefore,
from 1000 to 5000 pings per echo sounder and lasted roughly from
five to 25 minutes. The frequent tabulation of data statistics
facilitated monitoring of the overall measurement and data
gathering processes. Inspection of the coefficient of variation,
for instance, allowed immediate gauging of the quality of data,
essentially concurrently with their collection. Comparison of
current data statistics with those of earlier meaéurement
sequences on the same sphere effected a stronger test of data

goodness.

Use of a four-channel oscilloscope to monitor the calibrated
output signals was always helpful in resolving or anticipating
problems with the data gathering. Additional use of a
two-channel strip chart recorder to display the echo energy from
each of the two alternately triggered echo sounders was
similarly expedient in trouble-shooting. Experience gained in an
earlier, unrelated experiment with fish, but with the identical
equipment employed in the present investigation proved the value
of both devices for detecting such problems as interference
caused by extraneous biological scatterers and the occasional
influx of air bubbles entrained by breaking waves in the outer

fjord and transported to the measurement site by tidal currents.

The configuration of acoustic and electronics instrumentation

described here is summarized in Fig. 3.
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TCG

TRIG / PRF & - CHANNEL 2 - CHANNEL
CONTROL CRT SCR
Z ] L
1 l
a0
ECHO
INTEGRATOR
|
x-38] [ex-50] [Ev-M| [EK-120 r
ECIHO SOUNDEIRS SILENT 700
| TERMINAL
e | | — S =
TRANSDUCERS

Fig. 3. Equipment configuration.

Measurements on the same spheres were made repeatedly over a
two-week period. These were subsequently collected and combined,
if judged valid. The criterion of validity generally consisted
in the freedom of observations from the recorded or likely
presence of extraneous scatterers near the target sphere, and the
sufficiency of preparation of the sphere surface by washing in a

detergent solution.

Because of the number of spheres and frequency-diversity of
measurements, no attempt was made to extract absolute measures of
backscattering cross sections from the digital echo integrator.
Instead, the measurements were considered to express the
backscattering cross section in relative units. By means of the
confirmed, extended acoustical theory mentioned in the
Introduction, relative numbers given in QD-units in the data
tabulations below may be converted to absolute backscattering
cross sections by the scaling factors listed in Table 4., These
were derived by comparing theoretical calculations and the

measurements of the mean 35 mm copper sphere.
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Table 4., Conversion factors for expressing relative measurements

of backscattering cross section in absolute units.

Conversion factor

Echo sounder (cmZ/QD—unit)
ER~38 0.383
EX~-50 0.512
EY-M 0.591
ER-120 - 0.920

The pulse lengths and center frequencies of the transmitted
signals were mgasured several times in the course of the
experiment. The averages of these are shown in Table 5.
Variations did not exceed several per cent and are consequently
not recorded here. The magnitudes of the frequency response
functions were measured at the conclusion of the measurements.
The phase parts for the ER-38, EY-M, and ER-120 echo sounders
were measured later in the Simrad laboratory, but without
transducer-~loading. The effect of loading on the phase function
was assumed to be simple translation in frequency by the
difference in measured frequencies of greatest sensitivity with
and without loading. In the absence of measurements, the phase
function for the EK-50 echo sounder was assumed to be identical
to that of the EK-38 after appropriate frequency-shifting. The
composite, field-measured magnitudes and frequency-shifted,
laboratory-measured or simulated phases of the four frequency

response functions are shown in Figs. 4-7.

Table 5. Pulse durations and center frequencies of transmitted signals.

Echo Pulse duration (ms) Center frequency (kHz)
sounder - Nominal Measured - Nominal © Measured
EK~-38 0. 0.75 38.0 38.0
EK=50 0.6 0.58 49.5 49.6
EY-M 0.6 0.62 70.0 68.4
EX-120 0.6 0.69 120.0 120.4

16
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The local hydrography was measured before and after the
experiment. Interpolation of the pairs of measurements performed
at the 2.5 m-depth of sphere suspension specifies a mean
temperature of 13°C and mean salinity of 29 ppt. This

3 and sound

combination implies a medium density of 1.022 g/cm
speed of 1493 m/s, according to DIETRICH (1952) and DEL GROSSO

(1974), respectively.

STATISTICAL ANALYSES

The above description: of the data analysis is mostly complete,
but brief. It is supplemented here by further discussion and
several equations which may indicate at a glance just how the

data were condensed.

The fundamental quantity or unit of measurement is the energy
contained in the total echo from the target sphere. This is
defined as that clearly distinguishable part of the echo lying
above the noise level. It was measured in relative units by
selection of a sufficiently broad range interval for echo
integration. Background noise was due primarily to two sources:
small biological scatterers in the main lobes of the echo sounder
beams and the lines supporting the transducer frame in the
sidelobe regions. The integrated reverberation intensity or
noise energy was seldom more than one per cent of the energy
contained in the echo from a target sphere. When the
reverberation level was higher, for instance, when breaking waves
entrained air and forced the bubbles down into the integration
region of the sphere echo, measurements were suspended until the
return of more favorable conditions. In a single exceptional
case of strong acoustic resonance, that of the 45 mm copper
sphere when measured with the EK-120 echo sounder, the noise and
signal contributions were comparable. For this case the noise
energy was subtracted from the total echo energy in calculating
the echo energy due to the sphere. The noise energy was
otherwise considered negligible and was not subtracted from the

measured total echo energy.
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Because of the conduct of measurements in sequences, which were
generally repeated at least several times in the course of the
experiment, it is convenient to denote a single measurement of
echo energy as sij’ where the i-index denotes the sequence
number and the j-index, the order of measurement within the i-th
sequence. As the number of measurements in any one segquence was
never less than 500 and as little credence is attached to
isolated single measurements in experimental acoustics, the
measurements were combined during their gathering. The only
guantities preserved by the programmable digital echo integrator
at the end of a particular sequence were the two lowest-order
statistical moments and the number of measurements. For the i-th
sequence of measurements on a given sphere with a given echo

sounder the average echo energy is

n

B, = % e (1)
i =1 *J

where n, is the number of measurements in the sequence. The
standard deviation Si is naturally given through the estimated

variance

2 _ 1 B4 _ 2
Sy = =T X (835 7 Ey) ' (2)
i 3=1
which is computed by the form
n,
sf = nlml ( Tt e?_. - niEi> . (3)
i j=1 *J

The coefficient of variation for the same sequence is expressed

as a percentage, hence

|
B

v, = 100

[\
N




Repeated measurement sequences on the same sphere with the same

echo sounder were later summarized through cumulative statistics.

These are computed in each of two ways, as the measurement
sequences were regarded as independent or as the individual

measurements were regarded as independent.

Case 1. Independent measurement sequences. In this case the
average echo energy from a given sphere and echo sounder is
computed from the equally weighted averages of each appropriate,

valid measurement sequence. Thus

E. / (5)

- 1
Avel(E) == LB

My

i

where m is the number of valid measurement sequences., The

standard deviation SDl(E) is computed similarly, viz.

1 o 5
E) = 1 il I_Ei - AVel(E)] . (6)

Case 2. Independent measurements. The individual measurements
are weighted equally here, hence the statistics of each
measurement sequence are weighted in proportion to the

constituent number of measurements. Thus

m ni‘ m
z 2 T n.E,
i=1 §=1 *J _i=1 * T
Avez(E) —= = - (7)
x ni 2 ni
i=1 i=1
and
b3 T £,. = Ave, (E)
2 i=1 3=1 L 13 2]
SDZ(E) - (8)
z nl - 1
i=1
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or

The percentage coefficients of variation are computed for each of

the two cases after the definition in Eq. (4).

SYNONYMY OF ENERGY AND BACKSCATTERING CROSS SECTION

Determination of the echo energy in linear, if relative units,
allows its direct comparison for different spheres. This is
further facilitated by the constancy of conditions of measurement
throughout the experiment. For this reason, the measurements
also specify the backscattering cross section in relative, but
linear units. Expressions of energy and backscattering cross
section in units of the QD digital echo integrafor, called
QD-units, are therefore equivalent and permit their synonymous

use in this report.

The proportionality of echo energy and backscattering cross
section is also evident from the definition of backscattering
cross section as an echo sounder-observable quantity. According
to the extension of theory mentioned in the Introduction, which
is described briefly in FOOTE et al. (1981) and fully in FOOTE
(1982), the backscattering cross section is defined operationally,
in terms of physically realizable operations. Thus, for
ensonification of a target by a transient signal and observation
of the echo by an echo sounder or other physical device with
non-infinitesimal bandwidth, the backscattering cross section is
essentially the ratio of echo energy to energy density of
incident signal as it would be observed by the same device. In

terms of the Fourier spectrum S (w) of incident signal, frequency

[
o




response function or filter characteristic H(w) of the receiver,
‘and scattering amplitude F(w) of the target, the backscattering
cross section ¢ is (FOOTE et al., FOOTE 1982)

o

S Is@FwE W) | %

G = 4q - , (10)
| IS () B () | 2dw

where the integration is performed over the entire range of the
frequency w. The numerator, hence o0, is proportional to the
energy contained in the echo as observed by the receiving half of
the echo sounder. For constant conditions of observation,
including fixed geometry, the energy ratio of echoes from two
spheres are equal to the ratio of their backscattering cross
sections. Symbolically,

(o)

2
(Energy)l of ISFLH’ dw

l_.l

1
i
l._.J
*_l

o0

(Energy) , J |5F2H12dw 2

Q

where Fl and F2 are the respective backscattering amplitudes of
the two targets.

ACOUSTIC MEASUREMENTS

Measurements of echo energy or backscattering cross section
comprise the principal acoustic data. Summaries of each
measurement sequence for each sphere are presented in Tables 6=
34, The data are given uniformily in the arbitrary, but linear
units of the QD echo integrator. The validity of individual
measurement sequences is, for averaging purposes, indicated by
the weight parameter WT, which is assigned according to the
criteria described in Materials and Methods. In short, WT=1l
indicates acceptance of the data, while WT=0 describes their
rejection. Statistical summaries of wvalid sequences are

presented at the bottom of each table. The computations follow
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each of the two schemes described in Statistical Analyses, with
the preferred scheme of independent, equally weighted measurement
sequences placed first. The measurement sequences of ST
reverberation energy or equivalent backscattering cross section
are presented in Table 35, but without statistical summary owing

to the understandably biased sampling evident from the comments.

The several statistical analyses are performed on the data of
Tables 6-34 and rearranged in Tables 36-39 according to the echo

sounder of measurement. The final three lines of each of these
tables describe the results of averaging valid measurements of
each of three sets of nominally identical spheres. These are the
integral 35 mm copper spheres CU35A and CU35B; integral 50 mm
copper spheres CU50A, CU50B, and CU50C; and the two 60 mm
acid-fast steel spheres STL60A and STL60B.

Relative and absolute measures of backscattering cross sections
are presented in Tables 40-43 for each of the four echo sounders.
The relative measures are extracted from the collations of
Tables 36-39 by referring the measurements to corresponding
averages of the two integral 35 mm copper spheres. The absolute

measures, denoted SB(CM**2), are derived from these by

application of the conversion factors given in Table 4. The
backscattering cross sections are also expressed relative to the
respective geometric cross sections under the heading SB/SGEOM.
The target strength describes the absolute backscattering cross
section in units of decibels according to the definition (URICK
1975)

TS = 10 log = (12)
4

where ¢ is given in units of square meters.

To put the various measurement sequences of Tables 6-35 in
context, the entire time-history of measurements is presented in
Table 44, This is expressed in an alternative, more selective

manner in Figs. 8-27. These are composed of five sets of four
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figures each, which are generally distinguished by type of sphere
and echo sounder. Measurements of the integral copper spheres
are presented in Figs. 8-1l. The remaining copper spheres with
three integral copper spheres, CU35A, CU35B, and CU50C, included
for reference, are reported in Figs. 12-15. Measurements of the
steel spheres are presented in Figs, 16-19; the 60 mm~diameter
spheres, in Figs. 20-23; and the ball bearings with single copper
reference sphere, CU35A, in Figs. 24-27. The standard error of
the mean is not shown in any of the figures because it is

generally so small as to lie within the symbol.

Waveforms of received echoes as displayed on a monitoring
oscilloscope or CRT were photographed. Representative examples
for various spheres are presented in Figs. 28-49., Representative
transmit signals of the four echo sounders are presented in

Fig. 50. These differ from the previous CRT photographs in
several respects: they were taken outside of the actual
measurement period of the project, in fact, six weeks before the
firét sphere measurements were made; a different unit of the

38 kHz echo sounder was used; and the scale size of the figures
is different. The poorer quality of the transmit signals
photographed during the sphere measurements precluded their use
here, but direct comparisons of corresponding signals was
favorable. Except for the exact pulse lengths, cf. Table 5, the

features of corresponding waveforms are identical.

CRITIQUE

Collection of the various kinds of data presented here was
motivated by the definition of backscattering cross section as an
echo sounder-observable quantity. This definition was

formulated at the outset of the study and is described briefly in
Eg. (9). As a consequence, at least four different kinds of data
are required to understand echo sounder observations of target
strength. These are enumerated here for the case of elastic

Spheres.

27




Sphere characterization. The diameter, density, and material
elasticity are fundamental quantities in the idealized model
of monochromatic or single-frequency scattering by elastic
spheres. This work, which is developed in FARAN (1951) and
HICKLING (1962) and emended in minor degree by GOODMAN and
STERN (1962), among others, is one of the building blocks of
the extended theory.

Medium characteristics. The density and sound speed are
additional essential ingredients in the basic model for
acoustic scattering by elastic spheres. Each quantity may be
derived directly from the hydrography, or temperature and
salinity, through such well-known references as DIETRICH
(1952) and DEL GROSSO (1974), for example.

Transmit signal. Because reception of the echo is
accomplished by an intrinsically broadband receiver, the
spectral content of the pressure field incident on the sphere
is generally important. In the case of a simple pulsed
sinusoid and ordinary non-dispersive conditions, the spectrum
is determined completely by the pulse length and center
frequency, if the effects of rise-time and riﬁging of the

transducer can be neglected.

Receiver characteristics. The frequency response function
describes the frequency selectivity of the receiver. This
allows determination of the effect of pre-detection signal

processing on the echo waveform.

Since the theory of acoustic scattering by elastic spheres does

not refer to the manner of support or suspension of the sphere,

this was noted in Tables 1-3 for each sphere. A number of

measurements performed in the course of the present study and in

other studies demonstrate the acoustic negligibility of the

large-mesh, net bag-suspension method used here, whether handmade

or formed of fine seine.

Inspection of Table 5 and Figs. 4-7 shows a definite mismatch of




corresponding transmitting and receiving halves of several echo
sounders. The fact of the receiver frequency response functions
having been measured incompletely and then under difficult or
doubtful conditions is significant for two reasons: the functions
in Figs. 4-7 are approximations, and measurements of the
backscattering cross sections are not necessarily representative
of those expected under nominal operating-conditions. This last
caveat also applies to discrepancies in the actual pulse length
and center frequency of the transmitted signals from their nominal

values, cf. Table, 5.

The specified values of temperature and salinity, thence density
and sound speed, are similarly nominal, but in the sense of not
having remained constant, but having varied over the two-week
duration of the measurements. The variations were small, however,
but still impose a limitation on the ultimate possible agreement

of theory and experiment.

Notwithstanding the several cautionary remarks, the present data
are consistent. Computations performed subsequently to the
experiment have shown an excellent agreement with experiment in
the important case of the integral copper spheres, whose
elasticity is known best of all the investigated materials. More
recent experiments and several calibration exercises in which
some of the same spheres of this study were used have also
confirmed the measurements and shown their consistency with
theory when allowance is made for the precise conditions of
observation., Results of the various studies have been presented
in part in FOOTE et al. (1981) and FOOTE (1982), and are being

elaborated or pursued in other reports under preparation.
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TABLES OF CALIBRATION SPHERE DATA AND THEIR STATISTICS

TABLE 6. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU354
ECHO SOUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING
1 190980 1552 42.5 12 41,1 12 1000
2 190980 1558  30.4 18 31.7 10 500
3 190980 1812 .3 6 39.8 10 500
4 190980 1815 30.0 11 4.6 6 500
5 210980 1303 43.4 6 2.2 9 500
6 210980 1306 30.7 13 31.9 8 500
7 210980 1801 41,1 6 29.7 T 500
8 210980 1804 28.5 14 29.3 8 500
9 230980 1341 42.6 5 4.4 7 500
10 230980 1344 30.7 12 2.8 7 500
11 230980 1500 30.1 10 3.4 7T 500
12 230980 1503 42.8 5 37.3 7 500
13 260980 1324 30.1 21 34.4 14 500
14 260980 1327 47.1 9 47,7 11 1000
15 260980 1412 bs.5 8 41,9 11 500
16 260980 1415 30.0 19 34,1 14 500
17 260980 1440 b2.3 7 43,3 11 500
18 260980 1443 30.7 23 33.4 15 500
19 260980 1559 6.3 12 46.7 15 500
20 260980 1603 33.2 36 37.9 33 500
21 300980 1008 29.0 10 2.7 9 500
22 300980 1011 br.g 7 41.6 11 500
23 300980 1401 28.6 19 31.7 14 500
24 300980 1404 2.2 8 33.7 13 500
NO(E/1/) 11 12 1 12
AVE(E/I/) 29.9 43.9 32.5 39.1
SD(E/1/) .8 2.0 1.6 5.7
V(E/1/) 3 5 5 15
NO(E/Id/) 5500 7000 5500 7000
AVE(E/TJ/) 29.9 44.0 32.5 39.9
SD(E/1J/) 4.9 4.2 3.8 7.1
V(E/T1J/) 16 10 12 18

¢ 1.

WT COMMENT

I SIS W (T N JNC N G I VNS N N O i N e T S
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TABLE 7. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU35B ( 2).

W10V =W O

DATE
190980
190980
210980
210980
230680
230980
230980
230980

TIME
1602
1607
1310
1313
1349
1352
1508
1511
NO(E/I/)
AVE(E/I/)
SD(E/I/)
V(E/I/)
NO(E/IJ/)

AVE(E/IJ/)

SD(E/1J/)
V(E/IJ/)

EK-33

31.3

3500
31.4
3.7
12

ECHO SOUNDER

EK-50

E
45

44,

MSO
Uu,

v

4
b4.,7
.8

2
2000
44,7
2.6
6

6
2 6
4

6 6

EY-M

30.6 7

32.

[U8)
—
a

9 10

[ONR W) (O8] =
ng — N
WO W O o J:’_\]

TABLE 8. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS

=
W O~NOUIEZWN = O

OO — s
VU I =2 OO0 Oo~TOU W) — O
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DATE
260980
260980
260980
260980
260980
260980
260980
260980
260980
260980
260980
260980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980

TIME
1333
1337
1419
1422
1426
1429
1433
1436
1447
1450
1606
1609
1015
1018
1031
1034
1039
1042
1218
1221
1228
1231
1344
1347
1353
1357
NC(E/1/)
AVE(E/1/)
SD(E/I/)
V(E/I/)
NO(E/1J/)

AVE(E/Id/)

SD(E/IJ/)
V(E/Id/)

EK-38
E v

15.8 30
11.6 28
38.6 19
23.4 22
38.3 23
41.4 33

24.9 10
9.99 20
39.9 8
14
17

17

38.
29.

28.

U1 O

3.1 13

28.9
11.1

38
6500
28.9
12.3

42

E
58

57.
38.
56.
38.

41.
55.

59.
39.
37.

57.

56.
36.

EK-50
.3

=

O =

(92 AV

—

13
48.7
9.8

6500

48.7

10.
21

v
6

Oy Ul

O O

ECHC SOUNDER

s e e s s e e G G S B

EK-120

E

43.

V NPING WI COMMENT

5 10

1000
500
500
500
500
500
500

1500

1
1
1
1
1
1
1
1

FCR SPHERE CU35B-( 3).

EY-M

E
36.
35.
25.
37.
25.
28

35.

35.1
24,

24 .4

35.
36.

24,

v

14
13

-~

=

21
13

9 21

(@]

T35

O
\]

0 8

O
o

31.2

18
6500
31.2

7.2

2

EK-120
E V NPING WT
41.8 10 500 1
5C0 1
500 1
4y.8 11 500 1
3.7 10 500 1
500 1
500 1
42,1 11 500 1
500 1
39.5 11 500 1
500 1
4b2.5 16 500 1
4.4 9 500 1
500 1
39.5 8 500 1
500 1
500 1
34.7 8 500 1
31.4 10 500 1
500 1
500 1
3,0 12 500 1
500 1
29.8 15 500 1
30.17 15 500 1
500 1
13
37.6
5.1
14
6500
37.6
6.5
17

COMMENT
TILT 20
TILT 20
TILT 10
TILT 10
TILT 90
TILT 9C
TILT O

TILT O

TILT 90
TILT 90
TILT 90
TILT 90
TILT 5

TILT 5

TILT 45
TILT 45
TILT 9C
TILT 90
TILT 90
TILT 90
TILT O

TILT O

TILT O

TILT O

TILT 90
TILT 90




TABLE 9. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU35C+( 4).

TIME
1521
1526
1713

NO DATE
230980
230980
230680
230980 1721
230680 1729
NO(E/I/)
AVE(E/1/)
SD(E/I/)
V(E/1/)
NO(E/Id/)
AVE(E/IJ/)
SD(E/IJ/)
V(E/IJ/)

Ul =W —

EK-33
E v
2.4 12

31.6 14
31.9 12
3
32.0
A
1
3000

32.0
4.1

13

EK-50
E v

38.5 6
38.4 6

(W)
<o

[ 'S Y

o coWn

e . O . o
AW OO0 — =M

ECHO SOUNDER

EY-M

E v
59.6 9
58.2 8
6

TABLE 10. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS

TIME
1347
1344
1023
1027
1046
1050
NO(E/I/)
AVE(E/I/)
SD(E/I/)
V(E/1/)
NO(E/I1J/)
AVE(E/IJ/)
SD(E/Id/)
V(E/TIJ/)

EK-38
E v

30.5 M

29.4 12

26.3

EX-50
E v

(02

43,1

7.4
40.7

=
(WS RPN
[e 2N ® )

= —
[GSRUS RS
s e O . .
W oo~NO 0o &EFEIWw

ECHO SOUNDER

EY-M
E v
33.0 25

2.4 9

29.7 12
3

31.7
1.8

6

1500
31.7
5.6

18

TABLE 11. MEASUREMENTS OF ECHC ENERGY IN QD-UNITS

=
O

DATE
190980
190980
210980
210980
230980
230980
300980 1141
300980 1145

NO(E/1/)
AVE(E/I/)
SD(E/1/)
V(E/I/)
NO(E/IJ/)
AVE(E/1d/)
SD(E/TJ/)
V(E/1d/)

TIME
1611
1618
1318
1321
1356
1359

QO OV i N —

EK-38
E v

37.8 17
39.7 M

39.4 11
B4 13

EK-50
E v
30.4 16
29.6 8

30.1 6

ECHO SCUNDER

EY-M
E

58.6

58. 1

v
7
55.7 5
6
56.3 T

U
-3

(G2 AS]

UJ'\'I&OTI
~NWOwWUToO NN EFo =

EK-120
E V NPING
1000
3.2 11 500
1000
33.7 10 1000
1000

2

33.9

A4

1

1500

33.9

3'5

10

FOR SPHERE CU35C-

e S o o o o S

WT  COMMENT

(5.

EK-120
E V NPING WI COMMENT
500 1 TILT 10
4.6 9 500 1 TILT 10
500 1 TILT 10
42,2 9 500 1 TILT 10
36.5 12 500 1 TILT 90
500 1 TILT 90
3
41.4
4.6
1
1500
41,4
5.6
13
FOR SPHERE CU4O ( 6).
EK-120
E V NPING WTI COMMENT
8.94 25 1000 O JELLYFISH
1000 1
7.78 15 500 1
500 1
8.58 11 500 1
500 1
500 1
9.49 15 500 1
3
8.62
.86
10
1500
8.62
1.38
16




TABLE 12. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU45

ECHO SOUNDER

C7.

EK-38 EK-50 EY-M EK=-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 190980 1624 84,1 11 27.3 11 500 1
2 190980 1628 63.4 5 .59 48 500 1
3 190980 1749 4.5 4 .48 49 500 1
4 210980 1325 89.5 10 24.9 10 500 1
5 210980 1328 61.6 5 46 45 1000 1
6 210980 1521 61.4 4 .50 45 500 1
7 210980 1545 60.8 6 .39 47 3000 1
8 210980 1602 86.3 9 23.3 N 1000 1
9 210980 1608 61.5 6 .40 50 5000 1
10 210980 1645 59.9 5 .39 52 5000 1
11 230980 1403 90.0 9 25.5 12 500 1
12 230980 1407 64.1 4 .51 43 1000 1
13 230980 1854 61.2 7 46 51 14000 1
14 230980 2011 89.2 12 25.2 13 1000 1
15 230980 2016 60.3 8 .48 53 500 1
16 300980 1128 84.8 9 24.1 M 500 1
17 300980 1131 62.0 5 42 44 500 1
NO(E/1/) 6 11 6 11
AVE(E/L/) 87.3 61.9 25.0 146
SD(E/I/) 2.6 1.5 1.4 .06
V(E/1/) 3 2 5 13
NO(E/1Jd/) 4000 31500 4000 31500
AVE(E/1J/) 87.4 61.2 24.8 A4
SD(E/T1J/) 9.2 3.9 3.1 .22
V(E/TJ/) 11 6 13 51

- TABLE 13. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CUS04 ( 8).
ECHO SOUNDER

EX-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WI COMMENT
1 190980 1637 111.0 6 108.0 4 500 1
2 190980 1641 g4.2 4 23.4 11 500 1
3 190980 1644 83.5 3 23.3 8 500 1
4 190980 1717 82.0 4 36.9 9 500 1
5 19vg80 1721 113.0 7 108.0 3 500 1
6 190980 1724 81.7 4 37.6 11 500 1
7 210980 1340 76.6 5 33.1 8 500 1
8 210980 1343 126.0 7 104.0 3 500 1
9 230980 1425 111.0 7 105.0 5 500 1
10 230980 1428 7.7 4 45.3 6 500 1
11 260980 1348 79.0 6 42.6 11 500 1
12 260980 1352 113.0 9 1M4.0 7 : 500 1
13 300980 1155 115.0 7 104.0 5 500 1
14 300980 1158 75.9 5 30.5 9 500 1
NO(E/1/) 6 8 6 8
AVE(E/1/) 114.8 80,1 107 .2 34.1
SD(E/1/) 5.7 3.2 3.8 8.1
V(E/1/) 5 4 b4 24
NO(E/IJ/) 3000 4000 3000 4000
AVE(E/I1J/) 114.8 80.1 107.2 34,1
SD(E/IJ/) 9.8 4.6 6.2 8.3
V(E/1J/) 9 6 6 24



TABLE 14. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CUS0B ( 9).
ECHO SOUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 190980 1648 83.1 4 13.8 13 500 1
2 190980 1652 96.3 T 122.0 2 500 1
3 190980 1703 82.5 4 12.8 14 500 1
4 190980 1706 89.4 T 121.0 3 500 1
5 190980 1727 83.9 &4 13.7 12 500 1
6 210980 1347 117.0 8 116.0 4 500 1
7 210980 1350 77.3 5 5.7 11 500 1
8 230980 1437 77.6 4 5.4 11 500 1
9 230980 1441 122.0 5 114.0 4 500 1
10 260980 1356 119.0 10 122.0 8 500 1
11 260980 1400 81.9 4 19.5 15 500 1
12 300980 1203 75.5 5 14.2 14 500 1
13 300980 1206 109.0 6 113.0 4 500 1
NO(E/1/) 6 7 6 7
AVE(E/I/) 108.8 80.3 118.0 15.0
SD(E/I/) 13.3 3.4 4.1 2.2
V(E/1/) 12 4 4 15
NO(E/Id/) 3000 3500 3000 3500
AVE(E/TJ/) 108.8 80.3 118.0 15.0
SD(E/IJ/) 14.6 4.6 6.6 2.9
V(E/TIJ/) 13 6 6 19

TABLE 15. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU50C+(10).
-~ ECHO SCUNDER

EK-38 EX-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 190980 1655 81.2 8 43,0 4 500 1
2 190980 1659 87.4 4 33.0 7 500 1
3 190980 1710 81.3 6 11,0 3 500 1
4 190980 1713 87.6 4 3.1 8 500 1
5 210980 1354 81.5 4 33.5 6 500 1
6 210980 1357 83.4 5 135.0 2 - 500 1
7 230980 1445 84,5 8 135.0 5 . 500 1
8 230980 1449 83.5 U 35.6 7 500 1
NO(E/I/) 4 4 4 4
AVE(E/I/) 82.6 85.0 138.5 34,0
SD(E/I/) 1.6 3.0 4,1 1.1
V(E/I/) 2 4 3 3
NO(E/IJ/) 2000 2000 2000 2000
AVE(E/TIJ/) 82.6 85.0 138.5 34,0
SD(E/IJ/) 5.8 4.3 6.2 2.6
V(E/TJ/) 7 5 4 8
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TABLE 16. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU50C (11).
ECHO SOUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 260980 1404 82.8 5 29.3 12 500 1
2 260980 1407 113.0 38 119.0 6 500 1
3 260980 1454 78.8 6 22.6 16 500 1
4 260980 1525 8.6 5 27.3 1 500 1
5 260980 1529 120.0 10 132.0 9 1500 1
6 300980 1148 72.9 4 17.5 10 500 1
7 300980 1152 95.2 9§ 112.0 5 500 1
8 300980 1210 117.0 6 112.0 6 500 1
9 300980 1213 76.5 4 22.8 10 500 1
NO(E/I/) 4 5 4 5
AVE(E/1/) 111.3 79.3 118.7 23.9
SD(E/1/) 11.1 5.0 9.4 4.6
V(E/I/) 10 6 8 19
NO(E/IJ/) 3000 2500 3000 2500
AVE(E/T1J/) 114.2 79.3 123.2 23.9
SD(E/1J/) 13.6 5.9 13.2 5.2
V(E/1J/) 12 7 1 22

TABLE 17. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE CU60 (12).
ECHO SOUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 230980 1531 26.0 7 114.0 6 500 1
2 230980 1534 160.0 4 103.0 4 500 1
3 230980 1737 156.0 5 106.0 5 500 1
4 230980 1745 25.6 7 107.0 6 500 1
5 300980 1120 25.3 6 121.0 9 500 1
6 300980 1123 149.0 7 102.0 5 500 1
7 300980 1236 25.1 7 111.0 8 500 1
8 300980 1239 150.0 8 04,0 6 1500 1
NO(E/1/) 4 4 4 4
AVE(E/1/) 153.7 25.5 103.7 113.2
SD(E/1/) 5.2 A 1.7 5.9
V(E/1/) 3 2 2 5
NO(E/TJd/) 3000 2000 3000 2000
AVE(E/T1Jd/) 152.5 25.5 103.8 113.2
SD(E/TJ/) 11.1 1.8 5.7 9.9
V(E/LJ/) 7 7 6 9

w
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TABLE 18. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE STL60A(21)

DATE
170980
170980
170980
170980
170980
180980
180980
180980
180980
190980
190980
210980
210980
230980
230980
230980
230980

W oo-~IaUlf=wnn -0
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TIME
1356
1401
1407
1552
1558
1302
1308
2122
2126
1436
1439
1408
1412
1602
1606
1835
1838

NO(E/1/)
AVE(E/1/)
SD(E/1/)
V(E/1/)
NO(E/IJ/)
AVE(E/TJ/)
SD(E/IJ/)
V(E/IJ/)

0 DATE
1 170980
2 170980
3 170980
4 170980
5 170980
6 170980
7 170980
8 180980
g 180980
10 180980
11 180980
12 190980
13 190980
14 210980
15 210980
16 210980
17 230980
18 230980
19 230980
20 230980

TIME
1340
1346
1352
1539
1542
1545
1548
1210
1255
2131
2137
1444
1447
1416
1419
1422
1555
1558
1844
1846

NO(E/I/)
AVE(E/1/)
SD(E/I/)
V(E/L/)
NOCE/1J/)
AVE(E/TJ/)
SD(E/Id/)
V(E/1J/)

ECHO SOUNDER

EX-38 EK-50 EY-M EK-120
E v E v E v E V NPING WT COMMENT
66.9 8 14.8 20 1000 O NHH-3
112.0 1 4.9 7 1000 0 NH4-3 1356
81.0 & 17.1 12 500 O NH4-3 1356
9.5 12 72.0 10 1000 1
91.3 6 26.2 11 1000 1
90.3 4 22,3 11 1000 1
9.6 10 69.3 6 1000 1
92.0 5 24,7 12 500 1
98.9 T 71.1 5 500 1
%.2 6 2.7 6 500 1
97.2 3 2.0 11 500 1
90.5 5 17.9 12 500 1
96.4 6 67.8 4 500 1
91.8 6 19.8 16 500 1
93.4 T 70.9 4 500 1
93.0 9 70.8 6 500 1
91.4 4 20.9 12 500 1
7 7 T 7
95.4 92.1 70.7 22.5
2.0 2.3 1.6 3.2
2 3 2 14
4500 4500 4500 4500
95.5 91.8 70.7 22.9
8.8 4.9 5.0 4.0
g 5 7 17
- TABLE 19. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE STL60B(22) .
ECHO SOUNDER
FK-38 ~ EK-50  EY-M  EK-120
E v E v E v E V NPING WTI COMMENT
113.0 17 1,51 46 1000 O NHA4-10
86.3 12 43,4 9 1000 0 NH4-10 1340
97.5 4 2.46 27 500 O NH4-10 1340
3.8 5 4.55 20 500 1
89.8 9 60.1 T 500 1
93.5 5 4.93 22 500 1
90.2 6 61.7 © 500 1
94.0 8 60.9 6 9000 1
9%.2 4 3.90 23 1000 1
93.8 6 63.3 6 1000 1
97.6 4 4,39 20 500
99.4 4 5.00 24 500 1
9%5.9 7 63.6 6 500 1
94.1 6 59.2 4 500 1
93.5 5 3.18 24 500 1
92.0 4 3.23 23 500 1
92.0 9 61.0 1T 500 1
94.5 4 3.75 29 500 1
93.6 4 3.60 23 500 1
88.9 9 62.3 T 500 1
8 9 8 9
9.3 94.8 61.5 4.06
2.5 2.3 1.5 69
3 2 2 17
13000 5000 13000 5000
93.5 9.8 61.2 1,0y
7.5 4.6 3.8 1.12
8 5 6 28




TABLE 20. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE STL99 (23).

WO EwWwh — 0O

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

40

DATE
170980
170980
170980
170980
180980
180980
180980
180980
190980
190980
190980
190980
190980
190980
190980
190980
190980
160980
210980
210980
210980
210980
210980
210980
230980
230980
230980 2023
230980 2029

NO(E/1/)
AVE(E/1/)
SD(E/I/)
V(E/I/)
NOCE/IJ/)
AVE(E/Id/)
SD(E/Id/)
V(E/TIJ/)

TIME
1644
1649
2146
2245
1342
1348
1825
1828
1050
1053
1057
1104
1108
1112
117
1121
1836
1839
1427
1430
1712
1741
1824
1830
1610
1613

EK-38
E

207.0 1
235.0

2u6.0

230.0
235.0

111.0
111.0
130.0
244,0

241.0
298.0

230.0
238.0

242.0
1
240.5
21.8

16500
241.0
23.8
10

v

0
6

5

Ul OO =

=3

EK-50
E
252.0

236.0

237.0
222.0

252.0
252.0
251.0
2l9.0

2u9.0
234.0

346.0
244.0

240.0
221.0

12
248.7
32.5

26500

258.0

3.4
1

v
5

Ul

w PP

(VIRVS]

ECHO SOUNDER

E
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345,
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355.

373.
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375.
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EY-M

OO OO0

o O

N
382.0
110.2
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16500
38331
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EK-120

E
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25& »
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[oNeRe ol

O O

12
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26500
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V NPING WI COMMENT
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1000
500
10000
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500
500
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TABLE 21. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE AS130 (24).

ECHO SCUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E \ E v E v E V NPING WI COMMENT
1 180980 2035 121.0 5 399.0 14 1000 1
2 18u980 2040 560.0 5 499.0 11 1000 1
3 180980 2047 129.0 3 396.0 5 500 1
4 180980 2157 520.0 7 507.0 7 1500 1
5 180980 2205 132.0 10 594,0 5 1000 1
6 190980 955 553.0 3 507.0 9 500 1
7 190980 958 130.0 6 438.0 12 1000 1
8 210980 1443 114.0 10 302.0 13 500 O SOAP-3
9 210980 1446 562.0 6 459.0 11 500 1
10 230980 1626 534.0 6 u66.0 8 500 1
11 230980 1630 13,0 8 37.0 5 500 1
12 230980 1808 121.0 5 361.0 7 500 1
13 230980 1811 564.0 © 4o4.0 4 500 1
NO(E/I/) 6 6 6 6
AVE(E/1/) 5u48.8 127.8 488.7 u24.2
SD(E/I/) 17.9 5.6 21.0 88.3
V(E/1/) 3 4 4 21
NO(E/IJ/) 4500 4500 4500 4500
AVE(E/IJ/) 543.7 127.8 493.9 4y1.8
SD(E/TJ/) 36.9 10.2 45.9 94.7
V(E/TJ/) 7 8 9 21
TABLE 22. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE RS130 (25).
ECHO SOUNDER
EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING-WT ~COMMENT
1 180980 1900 205.0 7 45.2 29 14000 1
2 180980 2023 ©545.0 4 863.0 3 1000 1
3 18u980 2029 ' 261.0 3 67.7 12 500 1
4 180980 2145 323.0 4 98.3 24 1000 1
5 180980 2151 505.0 4 783.0 5 500 1
6 190980 933 498.0 6 868.0 8 1000 1
7 190980 938 329.0 6 77.0 30 1500 O
8 190980 Q47 522.0 4 912.0 2 1000 1
9 190980 1027 518.0 4 860.0 8 500 1
10 190980 1030 312.0 5 119.0 22 2000 O JELLYFISH
11 190980 1151 511.0 3 777.0 4 3000 1
12 190980 1207 315.0 3 16,0 6 1000 1
13 230980 1617 452,08 71.1 12 500 1
14 230980 1621 464.0 4 918.0 3 500 1
15 230980 1817 479.0 5 837.0 9 500 1
16 230980 1822 306.0 3 108.0 12 500 1
17 230980 2141 338.0 7 67.2 30 500 O
18 230980 2145 452,0 7 872.0 11 500 1
19 230980 2148 345.0 3 58.6 24 3000 1
20 300980 1302 265.0 4 65.0 13 1500 1
21 300980 1310 499.0 10 761.0 4 2000 1
NO(E/1/) 10 8 10 8
AVE(E/I/) 499.3 320.2 844,5 82.5
SD(E/I/) 27.9 60.2 55.8 32.8
V(E/I/) 6 19 7 40
NO(E/IJ/) 10500 22000 10500 22000
AVE(E/T1J/) 505.2 305.0 820.3 57.9
SD(E/IJ/) 36.1 35.8 73.0 27.8
V(E/1d/) 7 12 9 u8




TABLE 23. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE SS130 (26).

Z

O O~ AU =W N - O

DATE
180980
180980
180980
190980
190980
210980
210980
230980
230980
230980
230980
300980
300980
300980
300980
300980
300980
300980
300980
300980
300980
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N 2 —d e 3 ey o~ 3 o
OW OO0V =i

N2
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TIME
2059
2110
2117
1007
1014
1435
1439
1638
1643
1826
1829
1249
1253
1334
1337
1408
1412
1735
1739
1742
1745

NO(E/1/)
AVE(E/1/)
SD(E/I/)
V(E/1/)
NO(E/I1J/)
AVE(E/IJ/)
SD(E/T1J/)
V(E/TIJd/)

EK-38

E
271.0
293.0
279.0
282.0
294.0
279.0
275.0

302.0

322.0
324.0

1

8

295.9
19.3

6500 -

7

292.2
23.0

8

v
5

= O

U Ui

0
6

4
7

ECHO SOUNDER

EK-50

E
366.0

381.0
359.0
349.0
363.0
365.0
359.0
367.0
356.0
355.0

350.0

10

360.3

9.3
3

7500

36

1.3

16.2

4

\
4

3
2

N Ul

EY-M

E
957.0
830.0
729.0
836.0
864.,0
830.0
763.0
741.0
824.,0

. 8u42.0

8

840.5
59.2

7

6500
846.7
68.0

8

v

W

EK-120

E
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563.0
508.0

412,
415.

[ N e

Bax .o

391.0
433.0

433.0
456.0

497.0

1
1

10

463.6
5503

12

7500
480.2

55.6

12

V NPING WI' COMMENT

4
4
4
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1
0

3

2000
1000
500
1500
2000
500
500
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500/
500:
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500
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TABLE 24. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE AL6O (31).
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DATE
170980
170980
170980
170980
170980
170980
180980
180980
18v980
180980
180980
180980
180980
180980
180980
180980
180980
230980
230980
230980
230980
260980
260980
260980
300980
300980
300980
300980

TIME
1258
1303
1309
1313
1508
1512

T49

915
1035
1436
1441
1447
1507
1802
1805
1832
2318
1650
1654
1759
1802
1538
1541

1614

1110
113
1323
1327

NO(E/I/)
AVE(E/I/)
SD(E/1/)
V(E/1/)
NO(E/TIJ/)

AVE(E/Id/)

SD(E/TJ/)
V(E/IJ/)

E

94,

91.
91.

870
86.8

34,
31,
30.
36.
4o,
63.
77,
84,

68.

u8.
65.

EK-38
v

w—

14
1

o W
OO (o) Y @]

N ul -~ Ol O OV -
w
(@]

80.1
10.0
13
18500
8.7

1

EK-50
E v
121.0 13

118.0 3
125.0 4

122.0 3
109.0 12

52.4 21

123.0 9
124.0 4

175.0 7
88.7 12

164.0 10

125.0 10

12

3
12

3.5

000
3.5
6.2

5

ECHO SOUNDER
EY-M

E
48

48
h4
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46

7.
4.
24,
27:

29.
28.
7.
47,

54,

48
52

v
03 14

b9
A 008

B 9
‘7 7
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Ul
W

oLV WO
n
O

O WO
Qo

S o2

.1 13

48.2

18500
45.6
4.7

1

EK-120

E V NPING WT

5.78 40

9.44 17

9.55 17

.36 15
66 51

[ee X0

14,60 37
10.20 21
49 17

42035
.65 49

61 32

oo O U1 WO

.19 34
9.65

3000
9.58
1.68

17

1000
1000
500
500
500
1000
14000
2000
1000
1000
1000
500
1000
500
500
2500
500
500
500
500
500
500
500
500
500
500
500
500

O 00004 20000000022+ 40000

COMMENT
NH4=1

NH4-1 1258
NH4-1 1258
NH4=1 1258

JELLYFISH
JELLYFISH
JELLYFISH




TABLE 25. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE BRS60T(32).
ECHO SOUNDER

EX-38 EK=-50 EY-M EK-120
NO DATE TIME E v E v E \ E V NPING WI COMMENT
1 160980 1614 112.0 4 60.00 8 1000 1
2 160980 1620 230.0 6 171.0 4 1000 1
3 160980 1626 113.0 3 2.10 8 500 1
4 160980 1656 114.0 4 56.20 7 500 1
5 160980 1700 226.0 6 170.0 4 2500 1
6 160980 1819 111.0 4 35.50 12 1000 1
7 160980 1825 226.0 5 156.0 5 1000 1
8 160980 1830 106.0 3 32.40 10 500 1
9 160980 2053 105.0 5 9.53 14 1000 1
10 160980 2059 212.0 6 151.0 5 1000 1
11 160980 2105 106.0 4 10.00 13 500 1
12 160980 2118 107.0 4 13.60 14 1500 1
13 160980 2126 212.0 6 149.0 6 1500 1
14 160980 2202 186.0 11 159.0 13 500 0 DRIED
15 160980 2206 123.0 10 2.25 29 2000 O DRIED
16 160980 2217 209.0 9 208.0 6 500 O DRIED
17 160980 2229 119.0 4 7.22 18 500 1
18 160980 2233 234.0 24 220.0 19 500 1
19 170980 1029 105:0 5 12.60 16 1000 1
20 170980 1035 219.0 5 189.0 5 1000 1
21 170980 1041 104.0 4 12.40 13 500 1
22 170980 1056 213.0 5 185.0 6 500 1
23 170980 1100 103.0 4 9.24 18 500 1
24 170980 1249 209.0 13 191.0 12 500 1
25 170980 1253 106.0 5 16.00 13 500 1
26 170980 1445 211.0 8 185.0 5 1000 1
27 170980 1457 108.0 5 12,00 15 1000 1
28 170980 1500 109.0 3 13.90 12 500 1
29 170980 1503 220.0 7 190.0 6 500 1
NO(E/1/) " 15 11 15
AVE(E/1/) 219.3 108.7 177.9 24.38
SD(E/1/) 8.6 4.u 21.1 20.31
V(E/T/) 4 4 12 83
NO(E/IJ/) 11000 11000 11000 11000
AVE(E/1J/) 219.9 108.5 1721 23.75
SD(E/T1d/) 19.9 5.9 22.1 19.17
V(E/IJ/) 9 5 13 81

44




TABLE 26. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE BRS60 (330,

EK-38

DATE TIME E v
170980 1635 203.0 7
170980 1639
180980 1315 208.0 5
18u980 1321
180980 1809
180980 1813 210.0 8
190980 1429
190980 1432 212.
190980 1543 211.
190980 1547
190980 1757
190980 1800 208.0 6
210980 1458
210980 1502 217.0 5
230980 1539 206.0
230980 1542
260980 1552 204.0 11
260980 1555
300980 1102
300980 1106 198.0 7
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NO(E/L/) 10
AVE(E/L/) 207.7
SD(E/1/) 5.3
V(E/1/) 3
NO(E/TIJ/) 5500
AVE(E/IJ/) 207.7
SD(E/IJ/) 14.3
V(E/IJ/) 7

ECHO SOUNDER

EK~50 EY-M
E v E v
186.0 3
102.0 4
179.0 3
103.0 &4
106.0 5
182.0 5
113.0 3
185.0 4
187.0 4
110.0 3
109.0 3
188.0 4
102.0 4
168.0 3
173.0 4
105.0 4
196.0 12
110.0 &4
101.0 6
178.0 5
10 10
106.1 182.2
4.2 8.1
4 4
5500 5500
105.8 181.9
5.8 12.2
5 7

EK-120

E
12

13.
4.

14,

LR
T 14

13
12

14
15

V NPING WT COMMENT

2 13

12
17

9 17

-3 O

9 18

012

2 12

718
13.

2 16

10
13.9
1.1
8
5500
13.8
2.3
1

500
500
1000
1000
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
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TABLE 27. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE NYL6O (34).

=
(@]

N) 3 —d d b A b e b
OQOWOO-TO0OU FWN -2 OW oo~ OU WD —

[ASH\CI V]
W) -

[USEUSEUVEUSRUSRUS N \G T AV I AV AV O I A0
N =W - OWwWoe—~ OV =

E~-JUSRUS VRS
DWW oo~ O

DATE TIME
170980 1416
170980 1425
170980 1431
170980 1605
170980 1611
170980 1654
170980 1657
170980 1843
170980 2001
170980 2010
180980 1328

180980 1334
190980 924
190980 928

190980 1041
190980 1045
190980 1132
190980 1135
190980 1214
190980 1217
190980 1346
190980 1349
190980 1415
190980 1418
190980 1422
190980 1425
190980 1451
190980 1454
190980 1534
190980 1539
190980 1731
190980 1734
210980 1450
210980 1454
210980 1506
210980 1509
210980 1808
210980 181y
230980 1547
230980 1550

NO(E/1/)
AVE(E/1/)
SD(E/1/)
V(E/1/)
NO(E/1Jd/)
AVE(E/IJ/)
SD(E/IJ/)
V(E/IJ/)

EK-38
E v
115.0 7
109.0 8
110.0 10
108.0 7
119.0 6
112.0 7
113.0 6
112.0 8
112.0 5
112.0 5
105.0 6
111.0 7
113.0 5
108.0 5
109.0 4
78.5 8
82.6 7
88.5 9
86.8 9
17

105.1
12.4

12

11500
103.9
4.4

14

ECHO SOUNDER

EK=50
E v
7.7 6
67.9 5
62.2 8
63.2 6
2.2 7
59.8 4
62.5 5
68.2 4
67.3 3
70.2 5
70.3 4
MO
71.0 4
72.7 4
73.1 4
71.2 4
7T1.2 4
72.9 4
70.6 4
66.6 U4
73.3 5
17

68.1
4.5

7

23500
64.3
5.5

9

E
35

24,

26

22.
22.
29.
25.
24,

24,
22.

2‘10
22.
21,

21.

21.
41,

37
34

EY-M
v

9 13

5 10
2 M

1 10

Ul o

—

10

oo Oy
o

.7 10
A 012

E V NPING WI COMMENT

EK-120
155.0 6 1500
1000
148.0 5 500
146.0 5 1000
1000
500
164.0 6 500
141.0 8 14000
123.0 4 1000
1000
144.0 5 1000
1000
169.0 6 500
500
185.0 4 500
500
500
194.0 6 500
180.0 5 500
500
500
172.0 6 1000
165.0 5 500
500
500
176.0- 5 500
500
176.0 5 500
156.0 7 500
500
149.0 5 500
500
500
155.0 5 500
500
151.0 5 500
2000
135.0 4 500
172.0 4 500
500
17
159.8
19.3
12
23500
147.6
17-9
12

0 NH4-5
0 NH4-5 1416
0 NH4=5 1416

EK-50 OFF
MOVED 8CM E
~ MOVED 8CM E

U O QRPN U U N G W CIE GRS QUL WL U W S W qup Y i) T U0 JURSVUR NSUINE \SpWE NU: UpIE NI NI PRI IS GG N N QRIS NS G RERE S g




TABLE 28, MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE ZN6O

W OoOo~NTOoOWUEWND -0

DATE
170980
170980
170980
170980
170980
170980
180980
180980
180980
180980
180980
180980
180980
180980
190980
190980
190980
190980
190980
190980
230980
230980
230980
230980
230980
230980
260980
260980
260980
260980
260980
300980
300980

TIME
1317
1323
1328
1519
1524
1535
1046
1050
1105
1115
1355
1401
1407
1416
1408
1411
1738
1742
1805
1808
1701
1705
1750
1754
2034
2038
1545
1548
1702
1705
1708
1055
1058

NO(E/I/)
AVE(E/1/)
SD(E/1/)
V(E/1/)
NO(E/1J/)
AVE(E/1d/)
SD(E/IJ/)
V(E/1d/)

EK-38

E
101.0

124.0
143.0

144.0
13700
144,0

144.0
14500

96.1
148.0

147.0
144.,0
141.0
148.0
142.0

143.0
152.0

v
15

9
7

Oy o W

Oy —J

9
18

10
11

13

44,5

3'7
3

3000

14

3.8

12.9

9

E

120.
94.
92.

870
91.
92.

91.
93.

102.
92.
89.

89'
104,

99.

95.

-~ N O w Yo oo O O =0

O3

2
15
93.9
4.6

11000
93.0
6.1
7

v
4

5

= =

=

=oowWwsE w3 4=

Ul

ECHO SOUNDER
EK-50

EY-M
E v
48.9 13
53.5 10
54.3 7
0 0
45.6 6
49,2 6
48,2 6
52.5 12
4.3 8
51.7 6
51.9 6
48.5 8
55.2 12
38.7 26
49.4 11
48.8 9
13

48.4
5v7

12

9000
4903
6.9

14

6

o 0o 0o 0o

-~ oo

1

EK-120

E V NPING WT

1000 O

.56 19 1000 O

500 O

.75 19 1000 1

2000 1

.84 16 500 1

.46 16 500 1

500 0

.15 16 2000 1

1000 1

.51 16 1000 1

1000 1

.96 16 1500 1

500 1

500 1

.70 20 500 1

500 O

94 14 500 1

500 1

.20 16 500 1

.32 21 500 1

500 1

.94 18 500 1

500 1

500 1

.79 15 500 1

.36 29 500 1

500 1

500 1

.50 26 500 1

‘ 500 1

500 1

70 20 500 1
15
9.01
1.76
20
11000
8.81
2.19
25

(35).

COMMENT
NH4~5
NH4-5 1317
NH4-5 1317

EY-M OFF

RESOAKED

47




TABLE 29. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE SKF1.5(41).

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WT COMMENT
1 160980 2239 19.3 26 5.47 16 500 1
2 160980 2242 28.9 46 26.1 27 500 O
3 170980 913 22.1 23 6.99 44 2500 0
4 170980 927 2.4 9 21.5 13 1000 1
5 170980 933 20.2 12 6.13 18 500 1
6 170980 1015 19.7 16 5.95 21 1000 1
7 170980 1020 22.8 8 19.0 10 1000 1
8 170980 1814 24.0 9 23.1 10 1000 1
9 170980 1820 19.7 35 6.53 41 1000 O FISH
10 170980 1828 4.1 9 24.1 11 1000 1
11 170980 1833 19.0 18 6.02 19 1000 1
NO(E/I/) 4 4 4 4 ’
AVE(E/I/) 19.5 241 5.89 21.9
SD(E/1/) 5 1.1 .29 2.2
V(E/1/) 3 4 5 10
NO(E/IJ/) 3000 4ooa 3000 4000
AVE(E/IJ/) 19.5 2u.1 5.92 21.9
SD(E/1J/) 3.5 2.3 1.15 3.1
V(E/IJ/) 18 10 19 14

ECHO SOUNDER

TABLE 30. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE SKF2A (42).

ECHO SOUNDER

EK-38 EK-50 EY-M EK-120
NO DATE TIME E v E v E v E V NPING WI COMMENT
1 160980 1537 41.6 6 , 21.9 13 1000 1
2 160980 1544 65.3 11 49,1 8 1000 1
3 160980 1550 41.9 8 22.2 13 500 1
4 160980 1714 61.2 11 46.3 10 1000 1
5 160980 1720 40.9 6 23.0 12 1000 1
6 160980 2029 62.7 12 36.1 11 2000 1
7 160980 2042 4.1 7 10.7 17 1500 1
g 170980 1105 3.6 5 22.9 13 1000 1
9 170980 1111 63.1 8 36.9 1 1000 1
10 170980 1117 3.1 5 21.7 14 500 1
11 170980 1801 61.1 13 37.3 10 1000 1
12170980 1807 4.1 8 23.3 11 1000 1
NO(E/L/) 5 7 5 7
AVE(E/1/) 62.7 39.6 411 20.8
SD(E/1/) 1.7 2.4 6.1 4.5
V(E/I/) 3 6 15 22
NO(E/Id/) 6000 6500 6000 6500
AVE(E/TJ/) 62.7 39.7 40.3 19.9
SD(E/Id/) 7.2 3.3 6.7 5.7
V(E/Id/) 1 8 17 29

48




TABLE 31. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE SKF2B (43).

EK-38 EK=50
\

NO DATE TIME E E v
1 160980 1557 B2 T
2 160980 1603 55.5 9
3 160980 1609 /.9 7
4 160980 1643 54.8 12
5 160980 1650 B4 8
6 160980 1803 .9 7
7 160980 1808 55.2 11
8 160980 13814 5.4 8
9 160980 1901 33.3 8

10 160980 2020 56.0 15

11 160980 2110 3.5 9

12 170980 938 60.5 8

13 170980 944 3H.2 6

14 170980 950 59.8 12

15 170980 1047 30.9 6

16 170980 1050 55.6 9

17 170980 1236 55.5 20

18 170980 1240 32.5 10

19 170980 1243 54.2 17

20 170980 1333 52.5 12

21 170980 1337 3%.2 8

22 170980 1436 33.8 9

23 170980 1439 54.5 12

24 170980 1617 56.0 12

25 170980 1620 32.5 15

26 170980 1624 52.1 13

27 170980 1701 34.9 12

28 170980 1705 54.6 11

29 180980 1154 31.9 7

30 180980 1201 54.4 8

31 180980 1817 65.3 26 *

32 180980 1820 6.9 9

33 180980 2212 3.8 23

34 180980 2250 60.0 24

35 190980 911 36.8 5

36 190980 915 58.1 10

37 190980 920 6.2 6

38 190980 1139 3%.0 6

39 190980 1144 56.3 10

40 190980 1356 0 0

E

57.
57.

55.

53.
54,
53.

51.
50.

49,
50.
50.
51.
4g.
53.
49.
54,
53‘
54,

51.

ECHO SOUNDER

EY-M

PN WO W

[AC R

~ =

o

v
6

7

10

13

I

10
21

19

[e sl o]

oo 3

17

EK-120

E
15.

16.

15.
15.

15.
14,

12.

15.
12.

14.

14,
15.
15.
15.
15.
15.
16.
17-

7.
16.

15'

3
)

=0 Qo =

oo W W

=3

-3 =

o

V NPING WI COMMENT

15
12

14
14

14
12

15
1
12

12

18
14
15
16
12
21
23
14

15
15

14

1000
1000
500
1000
500
1000
1000
500
14000
1000
1000
1000
1000
500
500
500
500
500
500
500
500
500
500
500
500
1500
500
1500
1000
1000
500
500
5000
5000
500
1000
500
500
1000
500

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
0
1
1
1
1
1
0

FISH
FISH

EK-50 OFF

49




TABLE 31.

41
42
43
4y
45
46
47
48
49
50
51
52
53
54
55
56
57
58

190980
190980
190980
190980
210980
210980
210980
210980
210980
210980
210980
210980
210980
210980
230980
230980
300980
300980

1359
1403
1828
1831
1255
1259
1401
1404
1513
1516
1538
1541
1753
1756
1453
1456
1750
1756

NO(E/1/)
AVE(E/L/)
SD(E/1/)
V(E/1/)
NO(E/IJ/)

AVE(E/Id/)

SD(E/IJ/)
V(E/TJ/)

(CONTINUED)

56.1 8

54.9
55.3 10

55.1 7

57.9 20
54,6

54.3 8

55.1 6

51.6 8
27

55.8
2.7

5

19500
55.6
T.2

13

34.8

33.6

32.
32.

o

32.

32.
32.

o = WO

30.

28
34.1
1.7

30000

33.8
3.

9

N

O N O

51.2 6

51.8 6
50.8 10

48.4 6
4T.
47-
47,

(WS RNe]
ul—3

=
O

48,

48.0 6
27

51.5
2.9

19500
52.0
5.4
10

O
un

TABLE 32, MEASUREMENTS OF ECHO ENERGY IN QD-UNITS

=

~N OV N =W N - O

50

DATE
160980
160980
160980
160980
160980
190980
190980

TIME
1746
1752
1758
1851
1854
1819
1822
NO(E/1/)
AVE(E/1/)
SD(E/1/)
V(E/T/)
NO(E/Td/)

AVE(E/TJ/)

SD(E/Id/)
V(E/IJ/)

EK-38
E v

44,9 11

43.9 10
4r.4 11

2
4n. 4
7
2
1500
4ua.6
4.8
1

EK=50
E
36.6

36.3
34.7
35.9

4

35.9
8

2
3000
36.0
2.6
7

ECHO SCUNDER

oo Oy 3 oy

5.4 15
4.6 15

.7 14

4.2 11
12.7 15

13.7 13

13.2 16
4.3 15

13.6 16

28
14.9
1w3

30000
4.7
2.2
15

EY-M

E v
49.3 8
bg.n 7
48.3 6
2

49.3
.1

Q
1500
49:3

3.8
8

EK-120

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

B e LT Jywis YT I NI WO WP NS N VUG NI NI NN N SRS S

FOR SPHERE HOFFN2(44).

E V NPING WT COMMENT

bt o7
49.0 9
47,0 8

45.4 11

2= =

=00 — O

—_—t e e (@) * o
O = OO WUl I

1000
1000
500
500
500
500
1000

JROVE N iy JPUIEE NS N U NN Y

RESOAKED




TABLE 33. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE SKF2.5(45).

ECHO SOUNDER

EK-38
DATE TIME E v
160980 1730
160980 1736 99.3 10
160980 1742
160980 1835
160980 1840 98.2 T
160980 1846
160980 2138 99.9 11
160980 2143
170980 955 89.8 15
170980 1001
170980 1007 88.0 8
180980 1122 100.0 5
180980 1129
190980 1459
190980 1520 101.0 7
190980 1529
NO(E/1/)
AVE(E/L/)
SD(E/1/)
V(E/1/)
NO(E/T1Jd/)
“AVE(E/Id/)
SD(E/IJ/) 10.1
V(E/TJ/) 10

O ooO~JTOUl w0

A ed o A A A
AUl W = O

QO

O~

-~ O (S 2 @)
-« O . e
O Oy = Ov]

EK=50

E
86.

870
8.

85.
87.
T4,
81.
86.
86.

8

D o o O Tl

oo o

v
4

4
5
5
4

4

EY-M EK-120
E v E v
61.9 T
91.3 10
64.7 6
60.1 7
88.0 6
0.4 7
86.3 8
65.2 T
81.7 10
56.3 9
82.7 6
78.7 5
56.4 9
58.4 8
83.0 6
55.9 7
T 9
84.5 59.9
4.3 3.5
5 6
7000 10000
84.5 59.1
7.5 5.3
9 9

TABLE 34. MEASUREMENTS OF ECHO ENERGY IN QD-UNITS FOR SPHERE

EK-38
DATE TIME E v
160980 2149
160980 2155 41.8 29
160980 2221 19.5 25
160980 2225
180980 1137
180980 1142 17.0 17
180980 1148
180980 1420 16.8 17
180980 1427
NO(E/1/)
AVE(E/1/)
SD(E/T/)
V(E/T1/)
NO(E/IJd/)
AVE(E/TJ/)
SD(E/1Jd/)
V(E/TIJ/)

=
W o-~NovEwnn -0

3

— N

w -3
s O o s
QU = O 0oUT 00w

N) s

ECHO SOUNDER

EK-50

E
107,

105'
100.
100.
103.

—_—
(@]

-t
Ul - O n N

0
0
0
0
0

o w

. . (@) L3 -
UIO oo N & O =

v
11

=

=

NPING WI COMMENT

1000
1000
500
1000
1000
500
1000
500
1000
1000
500
1000
1000
4000
1500
500

UK RSN I WU NI SRVUE WV SR U WPV S QRIS W S SO QY

CMP2.5(46).

V NPING WI COMMENT

EY-M EK-120
E v E
43.4 16
7.7 19
68.4 11
30.1 13
27.0 13
e4.1 5
29.1 10
gu.6 5
30.3 9
3 4
65.7 29.1
2.4 5
4 5
2500 3000
65.2 29.3
4.7 3.4
7 11

1000
1000
500
500
500
1000
1000
1000
1000

0 DRY
0 DRY
1

51




TABLE 35. MEASUREMENTS OF . REVERBERATION IN QD-UNITS FROM THE
SPHERE-INTEGRATION VOLUME.

DATE
160980
160980
170980
170980
170980
170980
170980
170980
170980
170980
180980
180980
180980
180980
190980
190980
190980
190980
190980
210980
210980
210980
210980
210980
210980
230980
230980
230980
230980
230980
230980
230980
230980
260980
260980
260980
260980
300980
300980

1300980
300980
300980
300980
300980

O OO0 UTEWN - O

N — — a3 ey s
OQWOO-NTOWUITEWN 2O

[AV]
—

DR N
WO~ EWN

[GSYUN)
— O

E S VS RUS JUVEWERUS JUS R US R US]
- OO o~1O0W EFWio

E g g g
E=gUS J V]

52

TIME
1631
1636
1221
1225
1229
1233
1716
1719
1742
1751
1501
1647
1738
1750

904

907
1631
1634
1753
1241
1245
1251
1334
1525
1531
1326
1334
1413
1419
2042
2050
2058
2134
1654
1658
1729
1735

939

949

959
1135
1138
1725
1728

EK-38

E

.30
3.84
2.83
3.24
.170

990

.22
13.0
3.55

1.15

.130
.33
.200
.1200
.330
. 140
13.60
16.9
2.00
214.,0
.65
.380

.130
7

v
104
5
66
57
153

221
104

T4
124

148

115
82
89

134
86

123

225

230

110
2u4

138 -

101

115
109

EK-50 EY-M
E VvV E V

.085 103
.11 120
3.25 69

.055 109
2.16 52
048 132

.65 478

14123
~.068 180
72 207
| 21.8 25
©2.71 210

.16 106
.61 208

.22 55 |

.039 126
.054 281

.047 135
476

L 67
.062 109

.028 115

.037 130
.0087 321
.080 110

J2.77

.039 121
.035 191

1.07 432
9.38 233
14,9 206

19.4 170

14318
2.49 100
176.0 132

.45 108
.25 124

057 82
.085 147

L040 111
.037 155
.18 146

042 131

ECHO SOUNDER

EK-120

E V NPING WT

.120 102

075 104

.41 648
A3 231

3497

.46 54
170 82

110 87
.18 62

.033 108

.033

L1480
.067 101

.49 761

10.2 192
.46 354

37 81
220 78

.032 107

.054 108

123 °

1000
1000
500
500
500
500
500
500
1500
1500
500
500
2000
2000
500
500
500
500
500
500
1000
500
1000
1000
1000
1000
1000
1000
1000
1500
1500
5000
1000
500
500
1000
1500
1500
2000
1500
500
500
500
500

eNeoloNoloNoNeoloReoNololeoololoNololoololioefoooloNololoNoNoloNololoNoNoloNeololoNe e Neo]

COMMENT

JELLYFISH
FISH

JELLYFISH

FISH
FISH
FISH
FISH

BUBBLES

WARMUP




TABLE 36. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEASURED

WITH THE EK-38 ECHO SOUNDER.

SPHERE(NO)
CU3BA ( 1)
CU3BB ( 2)
CU35B=( 3)
CU3SC+( 4)
CU3sC~( 5)
cuso ( 6)
cuss (1 7)
CuUs0A ( 8)
CUSOB ( 9)
CUS0C+(10)
cusoc (11)
Cubo (12)
STL60A(21)
STL60B(22)
STL9S (23)
AS130 (24)
RS130 (25)
SS130 (26)
ALBO (31)
BRS60T(32)
BRS60 (33)
NYLEO (34)
IN6O (35)
SKF1.5(41)
SKF24 (42)
SKF2B (43)
HOFFN2(44)
SKF2.5(45)
CMP2.5(46)
Cu3s  (81)
CUs0 (82)
STL60 (83)

~—=——— E/I/(QD-UNITS)

AVE

29-
31.
28.
31.
28.
38.
870
114,
108
82.
1
153.
95.
92.
240,
548.
499,
295.
80
219
207
105
144,
19
62.
55
bL,
96.
17
30
111.
93.

89
27
91
97
73
07
32
83

.78

60

.30

75
43
34
55
83
30
87

.09
27
.70
.08

u6

.55

68

7

40
60

7
.26

68
78

SD
.82
o30
11.05
.40
2.18
1097
2.58
5.67
13.25
1.62
1.1

- 5.19

1.96
2.50
21.82
17.87
27.93
19.34
10.04
8.62
5.31
12.38
3.73
.52
1.71
2.74
<71
5.35
1.50
.95
10.07
2.70

w

—t
WO OO UVNWIWILINNWLW FW1I WO WNDW O N MNDUIWUL OO — OO — L) <3

—

—
DO OV EEEFOOREWWW & —

o — md ed A
W=V Ew-10 -

— e
o

15

AVE
29.89
31.36
28.91
31.97
28.73
38.02
87.42

114,83

108.78

82.60
114.20
152.50

95.46

93.48
241,00
543,67
505.24
292.23

85.68
219.91
207.73
103.87
143.78

19.48

62.68

55.64

b4.57

97.53

17.42.

30.46
112.61
93.99
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TABLE 37. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEASURED
WITH THE EK-50 ECHO SOUNDER.

SPHERE(NO)
CU3BA (1)
CU3BB ( 2)
CU35B=-( 3)
CU3SC+( 4)
CU3BC~( 5)
cuso ( 6)
cuss (T
CU50A ( 8)
CUS0B ( 9)
CUS0C+(10)
cusoc (11)
cu60 (12)
STL60A(21)
STL60B(22)
STL99 (23)
AS130 (24)
RS130 (25)
SS130 (26)
ALBO  (31)
BRS60T(32)
BRS60 (33)
NYLEO (34)
ZN6O  (35)
SKF1.5(41)
SKF24A (42)
SKF2B (43)
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CUs0 (82)
STL60 (83)
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TABLE 38. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEASURED
WITH THE EY-M ECHO SOUNDER.

SPHERE(NO)
CU3%A ( 1)
CU3SB ( 2)
CU35B=( 3)
CU35C+( 4)
CU3sC~( 5)
cuso ( 6)
cuss (7)
CUs0A ( 8)
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Cu6o (12)
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STL60B(22)
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TABLE 39. SUMMARY OF STATISTICS OF ECHO ENERGY FROM SPHERES MEASURED
WITH THE EK-120 ECHO SOUNDER.

SPHERE(NO)
CU3%A ( 1)
CU3BB ( 2)
CU35B=-( 3)
CU3SC+( 4)
CU3sC~( 5)
cuso ( 6)
cuus (1)
cusoa ( 8)
CUS0B ( 9)
CUs0C+(10)
cusoc (11)
cueo (12)
STLB0A(21)
STL60B(22)
STL99 (23)
AS130 (24)
RS130 (25)
S3130 (26)
ALBO (31)
BRS60T(32)
BRS60 (33)
NYL6O (34)
ZN60  (35)
SKF1.5(41)
SKF24 (42)
SKF2B (43)
HOFFN2(44)
SKF2.5(45)
CMP2.5(46)
Cu3% (81)
CUs0 (82)
STL6O (83)
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Table 40, Relative and absolute measures of backscattering cross

sections SB observed with the EX~38 echo sounder.

SPHERE (NO) SB/SB (CU35) SB (CM**2) SB/SGECM TS (DB)
CU35a ( 1) 0.988 11.5 1.191 -40.4
CU35B ( 2) 1.034 12.0 1.246 -40.2
CU35B- ( 3) 0.956 11.1 1.152 -40.5
CU35C+( 4) 1.056 12.3 1.274 -40.1
Cu3sc-( 5) 0.950 11.0 1.145 -40.6
CU40 ( 6) 1.258 14.6 1.161 -39.3
cu4s  ( 7) 2.886 33.5 2.105 -35,7
CUS0A ( 8) 3.795 44.0 2,242 -34.6
CUS0B ( 9) 3.595 41.7 2.124 -34.8
CU50C+ (10) 2.730 31.7 1.613 -36.0
CU50C (11) 3.678 42.7 2.173 -34.7
CU60  (12) 5.081 58.9 2,085 -33.3
STL60A (21) 3,154 36.6 1.294 -35.4
STL60B (22) 3.051 35.4 1.252 -35.5
STL99 (23) 7.949 92.2 1.198 -31.3
AS130 (24) 18.137 210.4 1.585 -27.8
RS130 (25) 16.500 191.4 1.442 -28.2
SS130 (26) 9.778 113.4 0.855 -30.4
AL60 (31) 2.647 | 30.7 1.086 -36.1
BRS60T (32) 7.246 84.1 2.973 -31.7
BRS60 (33) 6.864 79.6 2.816 -32.0
NYL60 (34) 3.473 40.3 1.425 -34,9
ZN60  (35) 4.774 55.4 1.959 -33.6
SKF1.5(41) 0.646 7.5 0.657 -42.2
SKF2A (42) 2,071 24.0 1.185 -37.2
SKF2B (43) 1.843 21.4 1.055 -37.7
HOFFN2 (44) 1.467 17.0 0.840 -38.7
SKF2.5 (45) 3.192 37.0 1.169 -35.3
CMP2.5 (46) 0.587 6.8 0.215 -42.7
Ccu3s  (81) 1.000 11.6 1.206 -40.3
CU50  (82) 3.691 42.8 2.180 -34.7

STLeO (83) . . . 3.099 .. .36.0 . . . 1l.271 . . . -35.4




Table 41. Relative and absolute measures of backscattering cross

sections SB observed with the EXR-50 echo sounder.

SPHERE (NO) SB/SB (CU35)  SB(CM**2) SB/SGEOM TS (DB)
CU35a ( 1) 0.995 22.5 2.338 -37.5
CU35B ( 2) 1.014 22.9 2.382 ~37.4
CU35B-( 3) 1.103 24.9 2.591 -37.0
CU35C+( 4) 0.871 19.7 2,047 -38.0
CU35C-( 5) 0.991 22.4 2.328 -37.5
CU40  ( 6) 0.669 15.1 1.202 -39,2
cu4s  ( 7) 1.402 31.7 1.993 -36.0
CUS0A ( 8) 1.815 41.0 2.089 -34.9
CU50B ( 9) 1.819 41.1 2.094 ~34.9
CU50C+ (10) 1.926 43.5 2.217 -34.6
cus0c (ll) - 1.798 40.6 2.069 -34.9
CU60  (12) 0.578 13.1 0.462 -39.8
STL60A (21) 2.087 47.2 ' 1.668 -34.3
STL60B (22) 2.148 48.5 1.717 -34.1
STL99 (23) 5,637 127.4 1.655 -29.9
AS130 (24) 2.897 . 65.5 0.493 -32.8
RS130 (25) 7.258 164.0 1.236 -28.8
SS130 (26) 8.165 184.5 1.390 -28.3
AL60 (31) 2.799 63.3 2.237 -33.0
BRS60T (32) 2.464 55.7 1.970 -33.5
BRS60 (33) 2.405 54,3 1.922 ~33.6
NYL60 (34) 1.543 34.9 1.233 -35.6
ZN60  (35) 2.129 48,1 1.702 -34.2
SKF1.5(41) 0.546 12.3 1.082 ~40.1
SKF2A (42) 0.898 20.3 1.001 -37.9
SKF2B (43) 0.772 17.4 0.861 -38.6
HOFFN2 (44) 0.813 18,4 0.907 -38.3
SKF2.5 (45) 1.917 43,3 1.368 -34.6
CMP2.5 (46) 2.312 52.2 1.650 -33.8
Cu35  (81) 1.000 22.6 2.349 -37.5
CU50  (82) 1.812 40.9 2.086 -34.9
STL6O. (83) 2,121 47.9 . 1.696 - -34,2
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Table 42, Relative and absolute measures of backscattering cross

sections SR observed with the EY-M echo sounder.

SPHERE (NO) . SB/SB (CU35). . SB(CM**2) .. . 8SB/SGEOM TS (DB)
CU35A ( 1) 1.002 19.2 2.000 -38.1
CU35B ( 2) 0.993 19.1 1.982 -38.2
CU35B-( 3) 0.962 18.5 1.920 -38.3
CU35C+H( 4) 1.836 35.2 3,663 -35.5
cu3sc-( 5) 0.976 18.7 1.948 -38.3
cu40  ( 6) 1.761 33,8 2.691 -35.7
cu4s  ( 7) 0.772 14.8 0.931 -39.3
CUS0A ( 8) 3.301 63.4 3.228 ~33.0
CUS0B ( 9) 3.634 69.8 3.554 ~32.6
CUS50C+ (10) 4.266 81.9 4.171 -31.9
CUS0C (11) 3.658 70.2 3.577 -32.5
CU60  (12) 3,196 61.4 2.170 -33.1
STL60A (21) 2.176 41.8 1.478 -34.8
STL60B (22) 1.895 36.4 1.287 -35.4
STL99 (23) 11.766 225.9 2.935 -27.5
AS130 (24) 15.051 289.0 2.177 -26.4
RS130 (25) 26.011 499.4 3.763 ~24.0
SS130 (26) 25.888 497.1 3,745 ~24.0
AL60  (31) 1.486 28.5 1.009 -36.4
BRS60T (32) 5.480 105.2 3.721 ~30.8
BRS60 (33) 5.612 107.7 3,811 -30.7
NYL60 (34) 0.825 15.8 0.560 ~39.0
ZN60  (35) 1.492 28.6 1.013 -36.4
SKF1.5(41) 0.181 3.5 0.306 ~45.6
SKF2A (42) 1.267 24.3 1.200 ~37.1
SKF2B (43) 1.585 30.4 1.502 -36.2
HOFFN2 (44) 1.520 29.2 1.440 -36.3
SKF2.5 (45) 2.604 50.0 1.578 ~34.0
CMP2.5 (46) 2.024 38,9 1.227 -35.1
Cu3s  (81) 1.000 19.2 1.996 ~38.2
cuso  (82) 3.515 67.5 3.437 -32.7
STL60 (83) 2,026, . . . 38.9. . 1.376 . ~-35.1




Table 43. Relative and absolute measures of backscattering cross

sections SB observed with the EK~120 echo sounder.

' SPHERE (NO) . SB/SB(CU35)  SB(CM**2) SB/SGEOM . TS (DB)
CU35A ( 1) 1.008 36.0 3.738 ~35.4
CU35B ( 2) 0.977 34.9 3.627 -35.6
CU35B-( 3) 0.969 34.6 3.597 -35.6
CU35C+( 4) 0.874 31.2 3.245 -36.0
CU35C-( 5) 1.067 38.1 3.960 -35,2
Cu40 ( 6) 0.222 7.9 0.631 ~42.,0
Cu45  ( 7) 0.012 0.4 0.027 -54,7
CUS0A ( 8) 0.878 31.3 1.596 -36.0
CU50B ( 9) 0.387 13.8 0.703 -39.6
CUSOC+ (10) 0.877 31.3 1.595 -36.0
CUs0C (11) 0.616 22.0 1.119 -37.6
Cu60  (12) 2.917 104.1 3.683 -30.8
STL60A (21) 0.581 20.7 0.733 -37.8
STL60B (22) 0.105 3.7 0.132 -45.3
STL99 (23) 6.233 222.5 2.891 -27.5
AS130 (24) 10.925 390.0 2.938 -25.1
RS130 (25) 2.125 75.8 0.571 -32.2
SS130 (26) 11.941 . 426.3 3.212 -24.7
AL60  (31) 0.249 8.9 0.314 -41.5
BRS60T (32) 0.628 22.4 0.793 -37.5
BRS60 (33) 0.357 12.7 ) 0.451 -39.9
NYL60 (34) 4,115 146.9 5.196 -29.3
ZN60  (35) 0.232 8.3 0.293 -41.8
SKF1.5(41) 0.565 20.2 1.768 -37.9
SKF2A (42) 0.536 19.1 0.944 -38.2
SKF2B (43) 0.384 13.7 0.676 -39.6
HOFFN2 (44) 1.198 42,8 2,111 -34.7
SKF2.5 (45) 1.543 55.1 1.740 -33.,6
CMP2.5 (46) 0.750 26.8 0.846 -36.7
Cu35 (81) 1.000 35.7 3.711 -35.5
CU50 (82) 0.640 22.9 1.164 -37.4

 STL6O (83) . 0.313 . . .. .. 11,2 .. .. 0,395  =40.5
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FIGURES WITH CALIBRATION SPHERE DATA
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(a) EK-38 0.2 ms 0.05 v (b) ER-50 0.2 ms 0.05 v

(c) EY-M 0.2 ms 0.05 v (d) ER-120 0.2 ms 0.05 v

Fig. 28. Echo waveforms from sphere CU35A. Heading seguences:

echo sounder, abscissa and ordinate scale sizes.

(a) EK-38 0.2 ms 0.05 v (b) ER-50 0.2 ms 0.05 v

(¢) EY=-M 0.2 ms 0.05 v (d) EX-=120 0.2 ms 0.05 v

Fig. 29. Echo waveforms from sphere CU35B. Heading sequences:

echo sounder and scale sizes.
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(a) EK-38 0.2 ms 0.05 v (b) EK-50 0.2 ms 0.05 v

(¢) EY=M 0,2 ms 0.05 v (d) ERK-120 0.2 ms 0.05 v

Fig. 30. Echo waveforms from sphere CU35C+,.

echo sounder and scale sizes.

Heading sequences:

(a) EK-38 0.2 ms 0.05v (b) EK-50 0.2 ms 0.05 v

(¢) E¥Y-M 0.2 ms 0.05 v (d) ER=-120 0.2 ms 0.02 v

Fig. 31. Echo waveforms from sphere CU40.

echo sounder and scale sizes.

Heading sequences:
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(a) EK-38 0.2 ms 0.05 v (b) EK=50 0.2 ms 0.05 v

(¢) EY-Mm 0,2 ms 0.05 v (d) EK-120 0.2 ms 0.05 v

Fig. 32. Echo waveforms from sphere CU45. Heading sequences:

echo sounder and scale sizes.

(a) EXK-38 0.2 ms 0,05 v (b) EXK-50 0.2 ms 0.05 v

(c¢) E¥Y=-M 0.2 ms 0.05 v (d) EXK-120 0.2 ms 0.05 v

Fig. 33. Echo waveforms from sphere CU50A. Heading sequences:

echo sounder and scale sizes.

98




(a) EK-38 0.2 ms 0.05 v (b) EK-50 0.2 ms 0.05 v

(¢} EY-M 0.2 ms 0.05 v (d) EXK-120 0.2 ms 0.05 v

Fig. 34. Echo waveforms from sphere CUS50B. Heading sequences:

echo sounder and scale sizes.

(a) EK-38 0.2 ms 0.05 v (b) EK-50 0.2 ms 0.05 v

(¢) EY-M 0.2 ms 0.05 v (d) EXK-120 0.2 ms 0.05 v

Fig. 35. Echo waveforms from sphere CU50C+. Heading sequences:

echo sounder and scale sizes,
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(a) EK-38 0.2 ms 0.1 v (b) EK-50 0.2 ms 0.05 v

(c) EY-M 0.2 ms 0.05 v (d) EK-120 0.2 ms 0.1 v

Fig. 36. Echo waveforms from sphere CU60. Heading sequences:

echo sounder and scale sizes.

(a) EK-38 0.2 ms 0.05 v (b) EK-50 0.2 ms 0.05 v

(c) EY=-M 0.2 ms 0.05 v (d) EX-120 0.2 ms 0.05 v

Fig. 37. Echo waveforms from sphere STL60A. Heading sequences:

echo sounder and scale sizes.
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(a) EK~38 0.2 ms 0.05 v (b) EK=50 0.2 ms 0,05 v

(c) EY-M 0.2 ms 0.05 v (d) ER-120 0.2 ms 0.02 v

Fig. 38. Echo waveforms from sphere STL60B. Heading sequences:

echo sounder and scale sizes.

(a) EXK-38 0.2 ms 0.1 v (b) EK=50 0.2 ms 0.1 v

(¢) EY-M 0.2 ms 0.1 v (d) EXK-120 0.2 ms 0.1 v

Fig. 39. Echo waveforms from sphere STL99. Heading seguences:

echo sounder and scale sizes.
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(a) ERK-38 0.2 ms 0.1 v (b) EK-50 0.2 ms 0.05 v

(c) EY-M 0.2 ms 0.1 v (d) EK-120 0.2 ms 0.1 v

Fig. 40. Echo waveforms from sphere AS130. Heading sequences:

echo sounder and scale sizes.

(a) EK-38 0,2 ms 0,1 v (b) EK-50 0.2 ms 0.1 v

(¢) EY=-M 0.2 ms 0.2 v ' (d) EK-120 0.2 ms 0.05 v

Fig. 41. Echo waveforms from sphere RS130. Heading sequences:

echo sounder and scale sizes,
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(a) EK-38 0.2 ms 0.1 v (b) EK-50 0.2 ms 0.1 v

(¢) EY=-M 0.2 ms 0.2 Vv (d) ER-120 0.2 ms 0.1 v

Fig. 42. Echo waveforms from sphere SS130. Heading sequences:

echo sounder and scale sizes.

(a) EXK-38 0.2 ms 0.05 v (b) EK-50 0.2 ms 0.1 v

(c) EY-M 0.2 ms 0.05 v (d) EK-120 0.2 ms 0.02 v

Fig. 43. Echo waveforms from sphere AL60. Heading sequences:

echo sounder and scale sizes.
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(a) EK-38 0.2 ms 0.1 v (b) EK-50 0.2 ms 0.05 v

(¢) EY-M 0.2 ms 0.1 v (d) EX-120 0.2 ms 0,05 v

Fig. 44. Echo waveforms from sphere BRS60T. Heading sequences:

echo sounder and scale sizes.

(a) EK-38 0.2 ms 0.1l v (b) EXK-50 0.2 ms 0.05 v

(c) EY-M 0.2 ms 0.1 v (d) EK-120 0.2 ms 0.05 v

Fig. 45. Echo waveforms from sphere BRS60. Heading sequences:

echo sounder and scale sizes.
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(a) ER-38 0.2 ms 0.05 v (b) ER-50 0.2 ms 0,05 v

(c) E¥Y-M 0.2 ms 0.05 v (d) EK-120 0.2 ms 0.1 v

Fig. 46. Echo waveforms from sphere NYL60O. Heading sequences:

echo sounder and scale sizes.

(a) ER=38 0.2 ms 0.1 v (b) EK=~50 0,2 ms (.05 v

(c) E¥Y-M 0.2 ms 0.05 v (d) ER-120 0.2 ms 0.2 v

Fig. 47. Echo waveforms from sphere ZN60. Heading sequences:

echo sounder and scale sizes.
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(a) ER-38 (0.2 ms 0.05 v (b) EK-50 0,2 ms 0.05 v

(¢) E¥Y=-M 0.2 ms 0.05 v (d) ER-120 0.2 ms 0.05 v

Fig. 48. Echo waveforms from sphere SKF2B. Heading sequences:

echo sounder and scale sizes.

(a) EK-38 0.2 ms 0,05 v (b) ER-50 0.2 ms 0.05 v

(c) EY-M 0.2 ms 0,05 v (d) EK-120 0.2 ms 0.05 v

Fig. 49, Echo waveforms from sphere SKF2.5. Heading sequences:

echo sounder and scale sizes.
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(a) EK=-38 0.2 ms b5 v (b) ERK-50 0.2 ms 10 v

(¢) EY-M 0.2 ms 5 v (d) EK=-120 0.2 ms 10 v

Fig. 50. Transmit signals of four echo sounders. Heading

sequences: echo sounder and scale sizes.
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