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I. SUMMARY

This is the Final Technical Report for ONR Award Number NO000140310238, which
commenced on 01 January 2003, received a no-cost extension on 31 December 2005, and
terminated on 30 September 2006. This grant is a Special Research Award in Ocean Acoustics
to provide doctoral student funding to Wendell Saintval.

During the performance period of the Award, Wendell Saintval finished all PhD requirements
except his thesis and thesis defense. He completed those and obtained his PhD in August 2008
under the co-supervision of his two thesis advisors, Dr. William L. Siegmann (Rensselaer) and
Dr. William M. Carey (Boston University). He is currently employed as a Postdoctoral
Associate in the Acoustics Division, Naval Research Laboratory, Washington, DC.

The overall objectives of his research are in Section II, and a summary of major results is
provided in Section III. Presentations are listed in Section IV, and the publication plan for his
results is indicated in Section V.

II. OBJECTIVES

The first goal of this project is to determine how properties of the intrinsic upper-sediment
attenuation influence the acoustic field at low frequencies using a recent simplification of the
Biot model. The second goal of this research is to understand the environmental influences on
modal attenuation coefficients (MACs) and transmission loss observed in experiments on the
New Jersey Continental Shelf (1988, 1993) and in the Gulf of Mexico (1970) and to compare

model calculations with experimental data.
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III. RESEARCH RESULTS

L

A recent simplification of Biot theory is used to illustrate relationships between the
intrinsic sediment attenuation and the attenuation of individual modes, expressed by
the modal attenuation coefficients (MACs). The simplest two-layer isospeed
waveguides yield MACs that decrease from f Ztof” as frequency f becomes large. A
heuristic modification of these waveguides is designed to suggest how changes arise in
their magnitude and frequency behavior [1]. We show how they increase with
incorporation of a fluid-saturated porous layer in the waveguide by using a convenient
parameterization and numerical results. The frequency power-law behavior that is
observed increases from f 7 to f !7 as the thickness of this layer increases from 2 to
15% of the water depth.

A proceedings publication is concerned with the general problem of obtaining
analytical information about the modal profiles and eigenvalues for a class of shallow
water sound speed and density profiles [2]. The real part of an eigenvalue is related to
the horizontal phase speed of the mode, and the imaginary part is related to the MAC.
The mean waveguide is a Pekeris model, for which the sound speed in the water
column is constant and the bottom is taken to be homogenous. The water sound speed
is assumed to decrease monotonically with depth and to be everywhere less than the
bottom sound speed. The principal interest is when the water column sound speed
variation is relatively small. Several perturbation approaches for obtaining the modal
depth profiles and the associated eigenvalues are discussed and compared.

. The importance of the MACs for waveguide propagation strongly implies that useful

approximations for them are needed. One such expression is developed for depth-
dependent sound speed profiles over sandy-silty sediments with nonlinear frequency
dependence of intrinsic attenuation [3]. This formula is novel in its expression in terms
of parameters of the upper sediment layer. A key result is that the MAC frequency
dependence has unexpectedly large changes as profiles vary from isospeed to
downward refracting conditions. For example, as the sound speed at the water surface
increases by just 5 m/s over the isospeed case, the MAC frequency power-law
exponent changes from -0.93 to 1.0 in the 1500 to 2000 Hz frequency band. At high
frequencies and mode numbers, the MACs eventually decrease because of less energy
penetrating the bottom.

The critical step in demonstrating the usefulness of our results is applying them to
environments of experimental and operational interest. The magnitude and frequency
dependence of MACs up to 2 kHz are calculated for waveguides with isospeed, linear,
and thermocline-type piecewise linear water sound speed profiles over sandy-silty
bottoms [4]. These waveguides represent principal features of experimental
environments near the New Jersey continental shelf. We include a quadratic
frequency-dependent intrinsic attenuation in a thin upper sediment layer. As the upper
sediment layer thickness increases, the MACs for waveguides with profile gradients



near the bottom interface show increased magnitude, reordering of least-attenuated
modes, and frequency-behavior transition from roughly f “itg f o

The frequency dependence of modal attenuation coefficients (MACs) is very important
for explaining and predicting the overall range behavior of transmission loss. New
modal approximations are obtained and used to derive expressions for MACs which
demonstrate their dependence on parameters such as frequency, mode number, and
water column and bottom sound speeds. Ocean sound speed profiles that have portions
which are both upward and downward refracting and isospeed are considered. The
gradient at the water-sediment interface has a critical effect on the frequency
dependence [5]. For environments with a downward refracting gradient at the
interface, the MACs for low modes typically increase like f 08 for Biot-type intrinsic
sediment attenuation. For environments with an upward refracting gradient at the
sediment interface, the MACs decrease exponentially with increased frequency. Large
values of modal attenuation at higher mode number due to energy trapped in an upper
sediment layer are also explained from our formulas.

Data and parameters from a shallow water Gulf of Mexico environment with a sandy
depositional bottom are used for a test of our approach. Ingenito perfromed
measurements and used data fitting to infer that individual MACs decrease with
frequency f and intrinsic sediment attenuation increases roughly as f 175 A collection
of water sound speed profiles were measured which include upward and downward
refracting and nearly isospeed cases. Numerical results from our formulas using a two-
layer waveguide are compared with the previously deduced MACs. Good agreement
was found with the weakly downward refracting and nearly isospeed profiles [6].
Comparisons with the reportedly most reliable experimental results showed very good
agreement except for cases with upward and strongly downward refracting profiles.

It is valuable for propagation calculations to obtain improved geoacoustic depth
profiles in normally consolidated poro-elastic upper sediment layers. A technique for
obtaining such profiles, developed by Cederberg, is enhanced by using LambertW
function approximations of the environmental parameters [7]. The results are more
realistic than linear sound speed profiles in the upper sediment layer and are
appropriate for typical sandy shallow water bottoms. Parameter sensitivities are
assessed for upper layer depth profiles of sound speed, porosity, and attenuation.

The rate of increase of range-window averaged transmission loss with range, reduced
to eliminate the effect of cylindrical spreading, is conveniently measured by an
effective attenuation coefficient. Evans and Carey showed the relation between this
quantity and the MAC when one propagating mode dominates. We focus on the
interesting connections between these quantities for downward refracting profiles at
low frequencies [8]. For example, with isospeed water over an upper sediment layer
with Biot-type quadratic frequency dependence of attenuation, the effective attenuation
coefficient increases slowly with frequency to about 1 kHz and then remains roughly
constant. A strikingly different situation occurs when the water sound speed has a
downward refracting constant gradient profile. The MACs have minima with



frequency, the number of the least attenuated mode increases, and a band of modes that
causes the overall TL increase typically shifts toward higher mode numbers. As a
consequence the effective attenuation coefficient increases roughly linearly with
frequency.

NOTE: No patent applications were prepared under this project.
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