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LONG TERM GOALS

The long term science goals are to understand and quantify the physical mechanisms that control
propagation and scattering in the seabed.

OBJECTIVES

The objectives are to advance understanding of 1) the nature and mechanisms leading to sediment
volume scattering and 2) the effects of shear waves in general layered media. These advances will
provide the basis for measuring dispersion in in-situ sediments in the frequency range of interest, 0.1-
10 kHz.

APPROACH

The project commenced in FY 14 with advances in modeling for both shear waves and volume
scattering.

WORK COMPLETED
A brief summary of the work completed is listed below:

e Improvement of Viscous Grain Shearing (VGS) model [1] in collaboration with Mike
Buckingham. We show that the shear time constant is completely and rigorously defined by the
other parameters (i.e. is not a parameter itself), see Ref. [2].

o [Initial theoretical development of sediment volume scattering relationships between discrete vs
continuum points of view. This work is in its early stages.

RESULTS

The Viscous Grain Shearing model developed by Mike Buckingham [1] predicts the frequency
dependence of compressional and wave speeds and attenuations. The bonding/loss mechanisms are
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assumed to be shearing at the grain-to-grain contacts and fluid flow around the contacts. However,
given that the physics of the frictional and viscous forces are not fully understood, the model uses
simple material response functions with empirical parameters to model the gross or average system
behavior. One of the strengths of the model is that it provides generalized dispersion relations that
include both viscous and frictional losses. For compressional waves, the losses are described via a
compressional viscoelastic time constant. There is also a shear viscoelastic time constant and our work
(the PI in collaboration with Mike Buckingham) showed that there is an exact closed-form solution for
this constant in terms of other model parameters. This will improve modeling of the frequency
dependence of shear wave speed and attenuation in marine sediments (see Ref [2]).

IMPACT/APPLICATIONS

The VGS model advancement leads to an improved prediction capability for shear wave attenuation.
The VGS theory is used in a variety of applications as a forward model, i.e., predicting the acoustic
field resulting from reflection and transmission through marine sediments. It is also used as an inverse
model, i.e., estimating sediment properties from acoustic wave reflection, transmission, and scattering.
This theory will be used by several researchers to aid in planning for the upcoming ONR SCAE’16
field experiment in the north Atlantic, and subsequently for the data analysis.

In the long term, the theoretical relationships developed for volume scattering will improve our
understanding of the marine benthic environment: what kind of scatterers are important, are they best
described by a discrete or a continuum approach? In the shorter term, the results are important for re-
examining recent volume scattering analyses [3] in several continental shelf environments. While the
analysis in [3] assumed that the heterogeneities were described by a continuum with an outer scale of
0.1 m, the current research will link those results to a discrete scatterer hypothesis. The importance of
this is that the outer scale controls the frequency dependence of scattering and reverberation of active
sonar systems. Furthermore, understanding the geologic origins of the outer scale could lead to a
greater prediction capability for those systems.

RELATED PROJECTS

ONR shallow water field experiments, e.g., SCAE16. the advances here will motivate experiment
design to distentangle effects of sediment dispersion from other frequency dependent effects.

OAML Mid-frequency Bottom Scattering Database. A prototype database was developed under
sponsorship of PMW-120 (Marcus Speckhahn) drawing heavily on decades of 6.1 fundamental
research on bottom scattering and reverberation. This database will replace the current default,
Lambert’s Law in one area of operational interest. While the database is moving towards OAML
approval and subsequent extension to other regions of interest, there are several 6.1 questions about the
nature of the scattering mechanism that are important to answer, particularly for the question of spatial
extrapolation. Some of the questions addressed in the above proposal have direct relevance to database
provincing and parameter extrapolation.
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