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INTRODUCTION

The purpose of this research was to determine the feasibility

of examining the effect of particles and floes on the attenuation

and scattering of sound, and is an extension of previous research

on the same topic. The early aspects of our work were reported in

the Final Report for Contract N00014-81-C-2212, which described

the techniques used and also indicated that the effect of flocs on L
acoustic sound is a significant process worthy of further research.

The second contract on which we are now reporting continued the

feasibility study to determine whether the techniques were indeed

valid, since the initial study revealed shortcomings that require

further consideration.
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FOCUSED ACOUSTIC STUDIES

In the focused acoustic study, we attempted to measure the

acoustic scattering from individual floes of known sizes. For

this we used two 5-megahertz transducers, both focused on a very

small volume (approximately 800 microns on a side) in the center

of a water column about 2-3cm from each transducer. One was a

descending transducer and the other received the scattering acoustic

signal. The experiment was conducted such that we began by mea- I;;

suring the acoustic scattering from a number of' very small floes,

and allowed the floes to increase progressively in size with time

until we finally measured the scattering of floes many hundreds of

microns in size. The accompanying graphs show the pulses that

were received as individual floes passed through the focused

acoustic sensing volume.

Dr. Jarzynski of the National Research Laboratory presented

the results of this work at the 108th Meeting of the Acoustic

Society of America in October 1984, and the abstract for this
".o.

paper is included herein. The overall results indicated that the

acoustic scattering from floes having a 90-95% water content was -

approximately what would be calculated on the basis of the physical

knowledge of this type of density medium. We are presently attempt-

ing to complete the publication of this manuscript on focused

acoustics in cooperation with the personnel of NRL. -'
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ACOUSTIC REFLECTION STUDIES ..

A number of researchers in the past have utilized acoustic

reflection systems in order to determine the position of and the

concentration of various particles in water. These acoustic

studies ranged from using standard depth recorders of various

frequencies (usually 50-200 KH.) to those of other researchers

such as Orr et al. (1980) and Proni et al. (1976) who have utilized

custom-assembled systems having higher frequency signals. All of

these techniques suffer from the same interaction of concentration

and particle size on the signal received. Generally, particle

size varied and was not known. The acoustic signal should vary

with the particle radius to the fourth or sixth power depending on

the relationship of the wavelength and the size of the particle.

In either case, a change from 2um (the average size of muds in the

ocean) to 200urm (the size of flocs observed in the coastal ocean

and near bottom) would result in a high impact of size that would

probably dominate over a small concentration change.

The acoustic equipment utilized in preliminary tests was as

follows:

Norland 3106R oscilloscope, terminal and keyboard

Norland 3001 microprocessor (multiple channel)

Norland 3701 diskette drive

HP-i 82A oscilloscope

FG-504 40 MHz function generator

Matec broad-band received, Model 625 (2 to 200 MHz)

Model 240 LRF power amplifier, 50 DB, 20 KHz to 10 MHz
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Figure *Typical size distributions from coagulation

experiment with natural sediments
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Attenuator 460A (Kay Electronics Corporation)

* A variety of transducers.

Coagulation Reactor

The reactor used in these laboratory experiments was a

horizontal-axis blade-type reactor of the design shown below.
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Experimental results exhibited significant trends when the

size of the flocs in the tank at any particular time were compared

with the voltage of the return pulses. The accompanying figure ::

illustrates that both the mean and the mode show nonlinear trends

of millivolts versus size, with a rapid change that occurs in the

region of from 10-20 to -60 micrometers, and then plateaus to a--

much gentler increase of 80-160 micrometers in mean size. It i

should also be noted that at any particular time, there were flocs ,

up to 500 microns present while the mean was only about 150...,

These results indicate that, indeed, as particles originally from

2 to 100 microns in size coagulate, a dramatic shift in scattering

occurs. The 2-micron particles emit signals of 5-10 millivolts, a
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better than 15- to 20-fold increase in scattering from the same

concentration and material.

CONCLUSIONS

I o

The acoustic reflection study demonstrates that floc size

has a tremendous effect on the scattering of acoustic signals,

and we will attempt to continue this work if funding can be ob-

tained. It is critically important to floc size even though

concentration is similar, for it will greatly affect the acoustic

transmission and scattering of sound in the ocean and is a problem -

that deserves additional research.

The intention of our focused acoustic study was to understand

the nature of acoustic signals emitted from various size flocs

and, indeed, the collaboration of acoustic signal measurements

from individual flocs with floc density contributed greatly to our

knowledge of the effects of acoustic scattering in the ocean. -
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