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SUMMARY

The Bureau of Mineral Resources, Geology & Geophysics is
oarrying out a development program for obtaining high-resolution seismic
profiling data in shallow water for engineering and marine geological
applications, This record outlines the developments to the end of 1972,
A sparker system which has given records with resolution better than
1 me and depth of penetration to 30 m has been tested. 4 comparison of
the acoustic waveforms of various transducers is given.




1. INTRUDUCTION

Program

The program for the experimental shallow profiling was
formulated in Maroch 1971. The aims were to devise systems or techniques
which would meet the following needs =

(1) For shallow geologioal work:
(a) Penetration of 30 m.
(v) Resolution of 1 millisecond or better
(c) Opsrational depths, say 2 m to 30 m; 2 m is about the
shallowest water into which a 10-m boat could venture,

(2) For deepsr geological work the existing equipment and techniques were
considered adequate.

(3) For engineering geophysics the needs were covered in (1) and (2)
above with emphasis on (1).

Tasks were allocated as follows:
(1) Literature search and theoretical imvestigations - B.H, Dolan, Engineering
Geophysics Group.

(2) Planning of experiments — B.H. Dolan.

(3) Bquipment preparation — A.G. Spence and A.B. Devenish (from the
Eleotronics Sub-section) with R. Dulski (from Marine Geology Group)
and M.J. Dickson (from Engineering Geophysics Group) assisting.

Basioc seismic system
Marine seiemic profiling systems consist basically of (a)
an acoustic energy souroe, and (b) a recording system.

A pressure pulse is emitted by a transducer in the water.
A pressure pulse reflected from an inferfaoe is received by another or in some
cases by the same transducer and converted to an electric pulse., This pulse
is amplified and recorded on eleotrosensitive paper. The emission of the
pressure pulse is synohronized with the sweep of a stylus across the recording
paper. The stylus carries a current which is proportional to the signal
amplitude from the receiving transducer. The speed of the stylus aoross the
paper is constant. When a ocurrent passes through the péper a mark is made
on the paper and the intensity of the mark is proportional to current intensity.
Therefore marks on the paper represent a pressure pulse being received and the
distance down the chart is proportional to the delay time between the
transmitted and received pulse. The three acoustic energy souroces
investigated ~ sparker, boomer, and pinger — are briefly described below. ¥_
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Energy souross

Sparker. The sperkor uses an intense electric discharge into the
sea water to produce tkLe pressure pulse. The electric discharge vaporizes
the water around it, causing a sudden inorease in pressure. The sparker trans-
ducer element is an insulated electrode ome end of which is bured and exposed
to the water., The circuit is completed through the water via an earthed metal
frame (ses Fig. 1) which surrounds the element., A bank of capacitors is
charged to several kilovolis, the energy of discharge being determined by the
capacitance of the capacitor bank. Sinoe relatively small energy levels are
used in shallow-water profiling (up to 1 kJ) the sparker and frame can be
made quite small and easy to handle.

Boomer. The boomser also uses the discharge from a bank of
capacitors, but in this case it is passed through a flat coil of heavy gauge
copper in an insulated block, which is in contact with an aluminium plate
(see Fig. 1). The transient magnetic field produced by current in the coil
induces eddy currents in the aluminium plate, and the magnetic field produced
by these ourronts causes the plate to be violently repélled from the coil, =0

producing an acoustic pulse,

Pinger. The pinger is a magnetostriotive or piezo-—electric tréis-
ducer which is either excited into oscillation at its resonant frequency by
an electric pulse or driven by an oscillating electric signal. Generally,

a relatively high frequency (3~12 kHz) is used, and the peak pressure produced
is much less that that from the sparker.

Approach to the pioblem

The energy sources and receiving systems were examined both
theoretically and experimentally. A fiéld test of various systems was
carried out in Mallacoota Inlet, whor(fthe depth of water varied from 1 to
20 m. ‘

This record reviews the wor): up to the end of 1972.

2, mE'monf(f AKD EQUIPMENT
{

Bibliography |

A bibliography (see Chap‘/:r 9) of work related to the general
problem of continuous seismioc prof.l ing was completed; special attention was
given to information about high-reri lution systems and systems for use in

shallow water. Duplication of inf ,mation has been avoided in the printed

Bibliography. ' (

N
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This information served as a guide for the experimental
program outlining the special problems involved.

Energy sources

The acoustic output characteristios desired are: (a) short
transmission period (for high resolution) and a wide range of frequencies
(for both penetration and resolution); (b) suffiociently high peak pressure.

The souroces examined were the Sparker, Sonar Boomer, and Pinger.
The construoction of the first two is shown in Figure 1. The sparker
transducers were oconstructed in the BMR laboratories. The Sonar Boomer
transducers were made by Edgerton, Germeshausen & Grier, Inc. (E.G. & G.).
One was modified by BMR (see Fig. 1) following a suggestion of Professor
Sargent (1969) for bubble suppression.

Both these transducers were aotivated by an EJ.G. & G+ Sonar Boomer
model 232 power supply with a model 231 triggered capacitor bank. This was
modified to provide energy discharge steps of 0.1 kJ, (164F at 3.5 kV).

The oable to the sparker had a caloulated inductance of 13 uH.

Two pinger systems were used: an EGG 5-kHz sediment probe and a
Raytheon 3.5-kHs type PTR~1054.

Meesurement of acoustio output. A block diagram of the equipment
used in statio tests to measure acoustic output is shown in Figure 2. The
pressure pulses were picked up with an Aquatronics type 1210 piezo=-electric
hydrophone or an E.G. & G. type 262G hydrophone, Both these hydrophones
have a wide frequency response. The 1210 has a sensitivity of -88 4+ 5 dB ref.
1 volt per microbar from DC to 11 kHg. The 262G has an essentially flat
response from 20 Hz to 10kHz at the same Bensitivity.

The output from these hydrophones was recorded on a Tektronix
type 564 storage oscilloscope and photographed with a Polaroid camera. A
frequency spectrum was obtained by digitising the recordings and computing the
Fourier amplitude spectrum.

Modifjcations. Based on a theoretical study of published data, and
on the results of the measurement of the acoustic output of the available
acoustic sources, a number of modifiocations were tested. The objeocis of
these modifications were to produce a single pulse of short duration. Figure
1 illustrates modifications to the sparker and the modification to the boomer
suggested by Prof. Sargent. These are discussed in Chapter 3.

The acoustic output of the modified sources was measured and

compared with the unmodified souroes. v
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Receiving tramsducers for survey work

The acoustic energy from the reflections is received by a
pressure-sensitive transducer. The pingers generally use the same transducer
to transmit and receive, whersas a scoparate transducer or assembly of
transducers forming a hydrophone stirecamor cable is used to receive the

reflections from acoustiec pulses.

The hydrophones used were an E.G. & G. Type 262G single~
element hydrophone and rmlti-element hydrophone sireamer comstructed by BMR
using Aquatronics typs 1210 hydrophones. The array was designed to minimize
the effect of ambient ship noise and to enhanoce vertically incident signals.
Details of both hydrophones are discussed in Chapter 4.

The acoustic range of both hydrophones extended well above and
below the spectrum of the transmitting transducers. Both were easily
handled and suitable for use in shallow water,

Signal processing end rocording

An E.G. & G. model 254 recorder was used for the field tests.
This recorder uses an Alden wot—paper recording system.

Because the cnergy opreads radially from the source, the
amplitude of the reocsived signnl decreases with time. It would therefore
be desirable to increase amplifier gain as later signals are received. An
amplifier with time~varied goin was construoted by the Electronic Mainternance
and Testing group of BHR. Tho gain of this amplifier inoreases linearly
with time at a prodetormimed interval after it is triggered (see Fig. 5).

A Krohnhite bandpass filter was used in the field test to
determine the effect of frequoncy filtering on the record.

3. RESULTS -~ ACOUSTIC OUTPUT

Recordings were made of tho acoustic output of sparkers, boomers,
and pingers. Representative records were selected and digitized and their
Fourier transforms were computed. These recorde and their tramnsforms are

shown in Figures 6 and 7.

Sparker

The features of the sparker which were examined were the peak
pressure, pulse duration, frequency content, and bubble pulse, and the relation
of these factors to the stored energy. The effect of the modified sparker

on these factors was examined.

X
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The relation between the pressure signal and the discharge
current of the initial pulse is covered by Caulfield (1962). The bubble pulse
is dealt with by Cole (1948), Roth (1963), Lavergne (1970), and Cassand &
Lavergne (1970).

Caulfield showed experimentally that there is a linear relation
between the peak pressure and peak discharge current of a single electrode
sparker, and that the decay constant and hence the pulse duration of the
initial acoustic pulse is within 10-15 perocent of the deocay constant for the
discharge current. The relations are shown in Figure 3. Considering the
sparker system to be an RCL (resistance, capacitance, and inductance)
circuit it is therefore poasible to adjust these parameters to obtain a
desired peak ocurrent and decay constant.

The equation relating the current to the cirouit parameters
(Caulfield, 1962) is,

I = Be*® sinn kt for R° > 4L/C (1)

(overdamped case)

-bt

or I = Be P% gin Xkt for B2 & 4L/c (2)

(underdamped ocase)
where I « instantaneous ourrent
B = Vo/Lk
b = R/2L

x =/ B2/412 - 1/

t = time

Vo = initial voltage
L = total inductance
C = total capacitance

The effeot on the peak pressure of changing parameter C only
is illustrated in Table 1. Since the capacitance is changed B0 also is the
stored energy (Q-CVZ). The inductance in the E.G. & G. triggered capacitor
bank is 25uH and the inductance of the cable used was calculated to be 13
(Grover, 1946; Harnwell, 1949). This'slows the rate of increase of current
and hence the time of discharge. For small C the delay to peak current and

%



6.

the current duration will be signifiocantly less than for large C. The
relation is shown in Plate 4. |

The bubble period (see 'Bubble Pulse', below) is tabulated against
energy level to illustrate the increase in the bubble period with stored

energy. See formula (4).

TABLE 1
Unmodified Sparker

Capacitance Peak current Pressure Peak pressure Bubble Bubble system

Energy
level from formulas pulse at 1 m (kPa) period energy as % of
(xJ) 1&2 duration Initial Bubble (ms) stored energy
(ms) pulse pulse at 1 m ,
measured
0.1 16 1.5~1.7 20 26 5.3 16.0
0.4 64 2.2-2.5 0.1 58 86 846 17.1
0.7 112 2.,5~2.8 78 90 10.8 - 194
1.0 160 2.6~3.0 0.4 90 95 12.8 22.6
Modified Sparker
0.4 64 0.1 60 5 3.7
0.7 160 0.4 50 50 14.5

Bubble pulse. One of the principal difficulties with the sparker
when used in shallow water ie the produotion of a secondary or 'bubble!
pulse. This is caused by the violent implosion of the cavity containing the
vapour produced by the initial discharge., The delay between the initial
pulse and the bubble pulse (called the bubble period) was measured to be
8-9 ms for a 400-J single~electrode spark at a depth of 1 m.

The direot arrival of this second pulse causes amplifier saturation
and obliterates any refleoted signal received at that time; the bubble
pulse also results in each reflector being represented on the record by two
lines, one from the first pulse and one from the bubble pulse. This means
that following reflectors may be obsoured Yy the bubble reflections. 1Imn
shallow water, multiple reflections between the water surface and strong
reflectors add to the confusion of the data, and disoriminating multiple from
'real! events is made even more difficult by the existence of the bubble pulse.

The motion of the vapour bubble is oscillatory. After radiation
of the initial shock, which takes less than 4 msec, half of the energy of
the discharge remains in the form of internal emergy of_the vapours in the

A
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bubble and kinetic energy of the outward flowing water (Cole, 1948). The
initial energy of the bubble is transferred to the kinetic energy of the water
as the bubble expands. The pressure in the: bubble decreases rapidly on
expansion and owing to the inertia of the outward moving water actually falls
below the external hydrostatio pressure. The bubble thus reaches a point

of maximum radius, whereafter it starts to contract. This rapid contraction
causes reheating and an inorease in pressure of the vapour to such an extent
that at the point of minimum radius the pressure is so great that a second
pressure pulse is emitied. This oscillatory expansion and contraction of the
bubble can continue for many cycles if the bubble does not break the water
surfaoe.

Cole derives two formulas relating the bubble period (T), liquid
density (p), hydrostatic pressure (P), total energy of the bubble system (Y),
and the maximum radius of the bubble (a)

T = 1.83 a («}})‘b (3)
Y = 4qr P.8’ (4)
3 v

oombining (3) and (4) we get .
T e 1,14 p'k 9'5/61 1/3 : (5)‘

P is equal to the total pressure due to the atmospheric pressure (105 Pa)
plus the pressure due to the head of water (104 Pa per metre). Using this
formula it is possible to calculate the total energy of the bubble system
from measurements of the bubble period. These are tabulated as a percentage
of the stored energy in Table 1.

In order to suppress the bubble pulse the energy of oscillation
of the bubble mmst be dissipated before it collapses. This would mean that
on collapse of the bubble less energy would be available to produce a

larger pressure pulse,

The use of perforated cages around underwater explosions in order
to eliminate the bubble pulse has been tested previously (Knudsen, 1961;
Lavergne, 1970). This gave signifiocant reduction in the bubble pulse, its
amplitude being reduced to as little as 1/50.

Modifiocations. The sparker system was modified in order to reduce
the pulse length of the initial pulse and to minimise the secondary or
bubble pulse. The pulse length has been discussed above.

\0
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The bubble pericd and the peak pressure of the bubble pulse
increase with inoreasing total emergy of the expanding bubble of vapour
and displeced water. The method used in trying to reduce this bubble
effect was to dissipate thes energy of the expanding bubble,

The use of sorocns pierced with holes (Knudsen, 1961; Lavergne,
1970), by analogy with the cages of the Flexotir syestem, has been tried without
sucoess (Cassand & Lavergne, 1970). Attempts to use this system were also
made in the present investigation but without success. Cages with an internal
diameter of 25 mm to 75 mm werec used., These cages were made of polythene
30 percent perforated with 10-mm holes or of fly-soreen wire., There was no

significant reduction in the bubble pulse.

The most successful means of reducing the bubble effect was by
using a fabrio-reinforced rubber tube around the sparker. Rubber tubes
with internal diameters ranging from 25 mm to 75 mm and lengths from 0,3 to
1.0 m were used.

Best resulis were obtained using a rubber hose of internal
diameter 50 mm and of such a length that the spark is at least 0.2 m
from the openings at each end. A reduction of the peak pressure of the
bubble pulse to 1 percent of its original value is possible at an energy lével
up to 0.4 kJ (see Fig. 7). There was no significant effect on the peak
pressure of the initial pulse,

Satisfactory reduction of the bubble pulse with the available
rubber hoses was not obtained at higher energy levels. The best results
were again with the 50 mm diameter hose but were not satisfactory (see Fige 7).

It is considered that the reduction in the bubble pulse was due to
loss of energy of the expanding bubble by inelastic deformation and heating
of the rubber tube, and by the formation of vortices in the water being

forced out of the tube,

Boomer

The following features of the acoustic output of the boomer
were examined: peak pressure, pulse duration, frequency, and any additional
undesirable transmissions (see Fige 6)e

The acoustic output of the boomer consists of an initial pulse
lasting for approximately 1 ms and a train of high-frequency vibrations
lasting for 5 to 8 ms.
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The frequency spectrum of the initial pulse is shown in Figure 6., The
train of vibrations that follows consists of predominantly two frequencies, around
12 kHz and 100 kHz. These frequencies were estimated from measurements of period
taken from the original photographs. The Fourier analysis included frequencies up
to only 7 kHz. The amplitude of these vibrations is generally 0.2 times the peak
pressure of the initial pulse. Between 0.7 and 7 ms after the initial pulse,
depending on the energy level, there is a sudden increase in the amplitude of the
train of pulses. The amplitude of this pulse is approximately equal to the initial

pulse (see 5, Fig. 6).

Modifications. The train of high-frequency vibrétions produced by the

boomer is due to vapour bubble cavitations on the surface of the aluminium disc,

The acoustic output of a modified boomer was also recorded, This boomer
has a rubber sheet retaining the aluminium plate in place of the spring., This means
that the aluminium is no longer in contact with the water. This modification
reduced the train of vibrations (Fig. 6).

The Fourier spectrum of the acoustic output of the modified boomer is also

shown in Figure 6.

Pingers
Two types of pingers were tested. One was constructed by E.G. & Ga and
the other by Raytheon.

Acoustic outputs. Recordings of the acoustic output of the pingers were
made and two examples are shown in Figure 6, The Fourier analysis of the pressure
signature is also shown. The duration of the wave train produced by the E.G. & 6.
pinger is from about 1 ms to 2 ms depending on the energy level used. The

predominant frequency of the vibrations is 4.5 kHz.

The Raytheon pinger transmits an envelope of predominantly one frequency:
3.7 kHz (see Fig. 6). The minimum duration of this envelope is 1.5 ms or

approximately 5 waie periods,

4., RESULTS - RECEIVING TRANSDUCERS

Two hydrophone arrangements were tested; one was a single-element E.G. & G
262G'eel'~-type hydrophone, the other was a 7-element ‘eel'~type hydrophone made by
BMR. In both cases the element has a sensitivity of -88 dB ref. 1 volt per microbar.
The response of the separate elements is essentially omnidirectional for wavelengths
much greater than the size of the crystal, i.e. for frequencies much less than 100
kHz.

The BMR hydrophone array consisted of seven Aquatrdnics Type 1210 hydro-
phones equally spaced in a piece of clear PVC tubing of approximately 5.3 metres
long. The tubing was filled with a mixture of Isopar and paraffin oil to render
it neutrally buoyant. It was towed by a screened two-core electrical cable, and a
5-metre length of nylon rope served as a tail. The 65-cm spacing between hydrophones
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corresponded to a half-wavelength at approxim=tely 1000 Hz, which was the [remency
of the bulk of the output of the BNMR modified sparker energy source. The purpose
of thie was to cancel any horizontally propagated signal at this frequency and to
give some vertical directivity to the array. The hydrophones were electrically

connected in parallel to lower output impedance and cancel incoherent noise.

Surface reflections

The incident signal is reflected off the water/air interface, resnlting
in a phase shift of TI' radians; i.e. a positive pressure will become negative and

vice versa. This signal now interferes with the signal that travels direct to the
hydrophone,

The nature of this interference will depend on the phase delay between
the direct and surface reflected waves, which in turn depends on the depth of the

hydrophone, the angle of the incoming waves, and the frequency (see Fig. 8).

The amplitude of the resultant signal is given (Jenkins & White, 1957,

Ch. 13) by the formula
a (8) = A [1—Rcos (4ﬂ%fsino):]

where A is the amplitude of the incoming signsal
d is the depth of the hydrophone
f is the frequency of the signal
v is the velocity of the signal
@ is the angle (radians) of the signal ray path to the horizontal
R is the reflectivity of the water/air interface.

R is very nearly 1.0 and can be left out of the formula.

For maximum constructive interference of vertically incident (e = T/2)
signals, the depth of the hydrophone should be equal to a quarter wavelength. This
will also result in destructive interference of the signal for @ less than 1T /2,
At © = TV /6 the resultant is half the value at © = TV/2, and when & = O the
resultant is zero.

Therefore by adjusting the depth of the hydrophones to one-quarter the
wavelength of the dominant frequency of the reflected signal one can both enhance

the bottom and sub-bottom reflections and reduce noise that is incident at an angle

to the vertical.,

Hydrophone arrays

Further improvement of the signal can be achieved by using a receiving
array. The use of a number of spaced elements will reduce the resultant output
from random noise. The effectiveness of the noise cancelling increases as the
square root of the number of elements used (Lombardi, 1955; Jenkins & White, 1957).

The signal incident on the hydrophone array can be considered to consist
of the summation of a spectrum of sinusoidal waves., The relative amplitudes of the

components of the spectrum will be different and the spectrum itself may vary -
— . \ -
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with different bottom and sub-bottom conditions but the components are still
sinusoidal, Therefore the theoretical response of the hydrophone array to

different components of the spectrum can be calculated using the formula

sin (N §/2 . .
% o= & Ei—n—éﬁl (Jenkins & Wnite, 1957)

where A is the resultant amplitude of the signal
a is the amplitude at each element (assumed equal)
N is the number of elements ,
and & is the phase change from one element to the next (also equal). The
response of the BMR seven-element hydrophone to various frequencies is shown
in Figure 9, Effects of the surface reflected signal are ignored in these
diagrams,

5« RESULTS ~ SIGNAL PROCESSING

Time-Varied Gain (TVG) amplifier

A time-varied gain amplifier was constructed by the Electronic Main-
tenance and Testing group of BMR. This amplifier has three important features.
The gain varies linearly with time from 1.5 to 100, the rate at which the gain
varies can be changed, and the time of mimimum gain after triggering can be
predetermined. A'graph illustrating the operation of the amplifier is shown in

EN

Figure 5.
This amplifier provides suppression of the direct pressure pulses from
the transducer to the hydrophone. The gain can then be increased linearly to 1lift
the level of the later, weaker signals, In this way saturation of the amplifiers
by strong early signals can be avoided and adequate amplification of the late
signals can be achieved., Diagram 4 in Plate 1 shows resulte from the BMR modified
sparker with TVG;. a common position on all the cross—sections in Plate 1 is

marked with an arrow.

For recordings made in very shallow water the TVG amplifier enables

reflections from near the bottom to be seen clearly.

Frequency filtering

The bést results were obtained by using a filter with a passband to
include most of the spectrum of the transmitted energy. The optimum limits of
the passband depend on the ambient recording conditions, For example if there
is excessive tow noise from the sea, mechanical vibrations of hydrophone,
vibrations from the ship, and flow noise, it may be necessary to narrow the

passband, particularly at the low-frequency end. With quiet seas and generally

low noise this may not be necessary,

No signal processing methods were employed other than those available

in the standard recorders used. ¢
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6. _RESULTS — FIELD TESTS

Field tests were carried out in Mallacoota Inlet, Victoria, and
some of the systems were used on a field survey in Port Phillip Bay. Each
of the transducers disoussed was tested using the energy settings which gave
& pulse with the least amount of spurious secondary pulses. Both hydrophones
were used, The same line was run with eaoh system, Five of these cross—
Bections are shown in Plate 1, in whioh a common position is marked with an
arrow. Variations in the sub-bottom information are due to inability to
preocisely retrace the line. :

Configurations

Diagrams of the final configurations of transmitting transducers
and hydrophones are shown in Figure 10, These configurations proved to be
best for reducing noise, roduoing the direct arrival, for ease of handling,
and for easy control of depth and distance., Reduction of noise and direct
arrival, both ooming from the direction of the boat, are reduced by the radial
response of the linear array. The hydrophone was towed by a section of
Bungee cord, which acted as an acoustio isolator reducing meochanical
vibrations travelling from ship to oable,

Energy sources comparison

The same traverse was surveyed using (a) 0.4 kJ modified sparker,
(b) 0.4 xJ unmodified boomer (c) 0.4 kJ modified boomer, and (d) Raytheon
3.5 kiiz pinger. These sources were chosen for the field tests because they
produced short single~burst pulses within the frequency range of the recorder.
An E.G. & G, model 254 recorder and BMR T-element hydrophone were used.,
Sample records are shown in Plate 1,

For these teasis the same iraverse, hydrophone, transducer
depths, and recorder were used. The frequency passband was 20 to 20 000 Hz.

Test of TVG amplifier

A prototype model of the TVG amplifier was also tested over the
same area, and a sample record is shown in Plate 1. The prototype used for
the test introduced some low-frequency moise, which results in a broad
horizontal dark band followed by a light one. A different deaign of TVG
amplifier was produced after the Mallacoota field tests. A sample boomer

record using the new TWG amplifier is shown in Plate 2.
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Both records show the early reflections clearly and also enhance

the later arrivals,

Other observations

Monitoring. It is necessary to monitor the signal level on a
Cathode-ray oscilloscope (CRO) at all stages of amplification to ensure
that minimum distortion is taking plaoce with the particular amplifier
setting in use, This is also advisable when setting the TVG amplifier, in
order to see that the marginal level is adequate all the way down the record
and yet not saturated at the top. ’

Sea state and boat speed. The sea state and boat speed have a critical
effeot on the quality of the reocords. Both these factors have a direct influence
on the acoustic noise level of the syastem and cause changes in the depth of
the transducers. The choppiness of the water oan cause rapid deterioration of
the record quality. If the hydrophone is lowered below the chop the
resolution suffers because the time between the surface-reflected and direct
signals is inocreased, and if it is too olose to the surface the hydrophone
picks up inoreased noise and may even break the surface, causing loss of signal.

_ The maximum boat speed at which sparker or boomer records of good
quality were obtained in smooth water was 6 knots. Cenerally 4~5 knots prdéved
to be the best speed for the systems tested.

Transducer depths. The depth of transducers is a partioularly critiocal
parameter for the reasons disoussed earlier under 'Surface reflectionst!.

In most situations it is impossible to measure accurately the depth
of the transducers sinoe they generally trail behind the boat. There are two
practical ways of depth adjustment: (a) Observe the reflections on the
record and adjust alternately the transmitter depth and the hydrophone depth
until the olearest record is obtained, i.e. the one in which a single reflector
is represented by the feéwest lines; (b) Observe the hydrophone signal on
a CRO and slowly raise the sparker until the leading edge of a negative-
going pulse from a reflector is seen to join the trailing édge of a positive
pulse., The hydrdphone should now be raised until two negative pulses are seen
to merge. If both transmitter and hydrophone are too deep a single reflector
will appear a8 a number of separate lines,

b
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Earthing. Since the sparker and boomer systems depend on a high—
voltage discharge, a good earthing system is essential for safety and minimum
electrical interference to recorders., The trensmitter power supply, trigger
unit, capacitor banks, and generator should have their frames connected by
an earth strap and to the earth of the sparker.

7+ FUTURE DEVELOPMENT

(a) One of the major deficiencies with systems used for the
tests was that there was no means of recording the date on magnetic tape and
then playing back on a recorder at some later stage. The advantages of
such a system would be that a wider dynamic range of signal levels and a wider
frequency band could be recorded undistorted, a number of chart records could
be made using different amplifier and filter setting, and further aralysesn of

ile data could be carried out.

(b) By examining relative signal strengths and Fourier analyses
of the reflections an indication of the nature of bottom and sub-bottom

materials could be obtained.

-

(¢) HMethods of minimizing the effect of the multiples could

-

be examined.
(d) Means of improving the resolution of higher—energy sparkers

or Yoomers for deeper penetration have to be examined. The present methods

of reduoing the bubble effect are effective up to energy levels of 0.5 kJ.
(e) Some sediment (mud with air bubbles) in the test area
completely obscured any reflectors underlying it (see Plate 1). This
problem is likely to arise in other areas and has not been overcome at
present. _
(£) A tow body should be designed to enable the transducers to
be towed at a predetermined depth.

(g) A directional array of transmitting transducers would be
advantageous in shallow water work where side reflections often interfere with

sub=bottom reflectors.

8. CONCLUSIONS

The basic aims have been achieved, viz. penetration of 30 m,

resolution of 1 ms, and operational depths from 30 m to 2m. An improved

sparker system has been developed. The bubble effeot has been made negligible

by using a fabric-reinforced rubber tube over the sparker for energy levels

X
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up to 0.5 kJ. Teohniques and equipment for achieving high-resolution

peismic profiling records in shallow water have been developed.
for further developmenti have been proposed,

Directions
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