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LONG-TERM GOALS
The long term goals of our research are to:

1. Understand and model the 3-D propagation effects in shallow water and thereby explain some of
the variations in acoustic field produced by the presence of shelf-break fronts and internal waves.

2. Apply our long range tomography inversion technique different locations and using different
sources and improve the mode arrival estimation to improve it.

3. Explore the possibility of using underwater gliders as acoustic receive platforms and develop
processing techniques for data collected using them.

4. Reuvisit an earlier study to look into sea surface wave effects on modal travel times.
OBJECTIVES

¢ Using the data from the J-15 — tow experiment, collected during the SW-06 experiment, we are
exploring any evidence of 3-dimentional propagation effects due to frontal/ internal wave reflections.

¢ Using the data from Combustive Sound Sources (CSS) deployed by ARL-Texas we are doing
inversions for sediment parameters.

¢ We are exploring the possibility of using gliders as acoustic recording platforms for shallow water
applications. The noise characteristics of glider is being evaluated in collaboration with Rutgers
University.

¢ The effects of the two tropical storms which passed through the SW-06 experimental area on the
acoustic travel times is being investigated.

APPROACH
The Pls (James Miller and Gopu Potty) took part in the SW-06 on the R/V Knorr and participated in

the CSS deployments and conducted a J-15 source tow experiment investigating the 3-D acoustic
effects. The CSS data, collected on the WHOI HLA/VLA, will be used to perform inversions for
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sediment properties. Three students (Kristy Moore — R/V Endeavor, George Dossot and Steven
Crocker — R/V Sharp) also participated in the experiments. Kristy Moore helped with the Scanfish and
collected oceanographic data which helped to locate the position of the shelf break front on the day of
the J-15 tow. WHOI provided the data from the Shark- VLA collected during the two storms (Ernesto
and Floyd) which was used to study the effect of these storms on acoustic travel times.

WORK COMPLETED

The data from SW-06 is being analyzed and preliminary results have already been presented at ASA
meetings. Two graduate students have completed their Masters at URI based on these studies. One of
them, Gregor Langer, focused on the surface wave effects on modal arrivals, while the other, Kristy
Moore, investigated the 3-D propagation effects and glider noise. We are currently preparing
manuscripts for the proposed JASA special issue based on these results. The results of the preliminary
analysis are summarized in the next Section.
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Figure 1. Comparison of acoustic sound levels at distances 28.2, 30.3 and 34.7 km
from source to receiver. The three plots on the right show the spectrograms at these
ranges. The sound pressure level plot has been demodulated and low-pass fltered
in relation to the 93 Hz source signal. Notice the 93 Hz band present in the spectrogram
at 28.2 km, which disappears at 30.3 km and reappears at 34.7 km. The top panel on
the left show the acoustic signal at 93 Hz at these three ranges showing fluctuations of the
order of 5 to 6 dB. Bottom panel on the left shows 3D KRAKEN results of acoustic modal rays
reflecting of a shelf break front and non-linear internal wave packet. The source is at (5km, 0)

RESULTS
1. 3 _D propagation modeling and analysis:

The object of this study is to verify the potential for horizontal Lloyd's mirror effect’ at the New Jersey
shelf break using modeling and determine if the effect is observable using data collected during the
SW-06 experiment. Shelf-break front can totally internally reflect sound incident upon them at low
grazing angles. The direct and reflected modal rays can constructively interfere which has the potential
to increase the intensity level by 6 dB. There is also the potential for greater reductions in transmission
loss due to the presence of an internal wave packet that traveled to the west of the shelf break front and



the J15 source. The modeling will be completed with the KRAKEN normal mode mode using the
environmental parameters of the New Jersey shelf. Signals were recorded on the WHOI-VLA/HLA
from a ship-towed J15 source, using a simple CW tone at 93 Hz and a source depth of approximately
50 meters. The J-15 was towed for a distance of 60 km parallel to the shelf break front, which was
located at the 110 m isobath that day, based on scanfsh measurements. Figure 1 shows some
preliminary results showing the fluctuations in received acoustic levels of the order of 5 to 6 dB.
Modeling also predicts possibility for fluctuations of these magnitudes.
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Figure 2. Sediment inversion using Combustive Sound Source (CSS). The estimated
compressional wave profile is shown on the left along with acoustic signal from CSS
(top panel on the right) and the dispersion based short-time Fourier transform (bottom panel
on the right). The continuous lines on the time-frequency diagram are the modal arrival
times calculated for the estimated compressional wave speed.

2. Geoacoustic inversions

Geoacoustic inversions are also being carried out using data from Combustive Sound Sources (CSS).
These sources were deployed by ARL- UT from R/V Knorr and acoustic data received at the WHOI-
VLA is used for inversions. The inversions were carried out using our modal dispersion based long
range sediment tomography technique?.

A new time-frequency analysis technique — dispersion based short-time Fourier transform*- was
applied to the CSS data to calculate the individual modal arrival times as a function of frequency.
These form the data for the inversion technique. Figure 2 shows the CSS data, the modal arrivals and
the compressional wave speeds calculated using the modal arrivals. Preston Wilson (ARL-UT), James
Lynch and Arthur Newhall (WHOI) were collaborators in this study.



3. Glider noise studies and synthetic aperture beamforming for a glider

The intent of this study is to examine whether the underwater gliders are adequate platforms for
acoustic remote sensing. During the SW-06 experiment, one of the many gliders deployed by the
Rutgers University carried an acoustic recording device (bio-acoustic probe) for many kilometers.
Even though the amount of useful data collected during that mission was very short (less than an hour),
the mission proved the capability of underwater gliders to tow hydrophones for long distances. We also
conducted another study, in collaboration with Rutgers, to understand the noise characteristics of the
glider.
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Figure 3. Spectrogram taken from bio-acoustic probe recording during the April
27, 2007 glider deployment compared with the glider's path and internal potential noise sources.

As part of this study acoustic data from the glider-towed receiver was analyzed and compared in time
to engineering data from the Slocum glider. Significant noise sources from glider were identified in the
acoustic recordings. The increases in noise level by the glider occur at predictable times, leading one to
conclude that the glider has potential as a stable and robust acoustic recording platform. Figure 3
shows 45 minutes of acoustic data collected during the noise study along with potential noise sources.
Out of the possible noise sources (air bladder, fin steering, battery movement and volume piston), it
appears that the volume piston is the likeliest source of noise during dives of the glider. During the
underwater dives, the descending dives have a fair amount of noise but the ascending portions are
relatively quiet.

4. Sea surface wave effects on modal travel times

During the SW-06 experiment two tropical storms (Ernesto and Florence) passed by the experimental
area in September, 2006 which provided high seas. We studied the wandering and spreading of the
acoustic normal modes before, during, and after the passage of these tropical storms. The theoretical
framework for this study was based on previous work by Miller®. Using the data from the 224 Hz and



400 Hz tomography sources received at the WHOI VLA/HLA we calculated the spectra of the travel
time variations. Figure 4 shows the travel time spectra indicating a peak around 03:50 UTC time which
corresponds to the time when the wind direction was approximately perpendicular to the acoustic path
on September 3, 2006.
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Figure 4. Acoustic travel time spectra before, during and after the passage
of tropical storm Ernesto. The peak at 3:50 UTC correspond to a wind
direction approximately perpendicular to the acoustic path.

IMPACT/APPLICATIONS

The inversion scheme using explosive sources is suitable for rapid estimation of acoustic properties of
sediments in shallow water. This method is cost effective as a single sonobuoy and air-deployed
explosives can provide the data. Using multiple sources and receivers sediment properties would allow
an area to be mapped. 3-D propagation effects are important to naval applications as it can cause
fluctuation in the acoustic field of the order of 5 to 10 dB. Gliders offer stable and low-noise
autonomous platforms for acoustic measurements. Synthetic aperture using a glider towed acoustic
array is an attractive option for naval applications.

TRANSITIONS

The sediment parameters obtained by this inversion will compliment the forward modeling efforts. The
sediment tomography technique is suitable for forward force deployment when rapid assessment of
environmental characteristics is necessary. In addition to naval air ASW applications using sonobuoys
and SUS charges, this technique would be compatible with Navy special operations involving
autonomous vehicles.
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HONORS/ AWARDS/ PRIZES

James Miller was elected as Chair of the Acoustical Oceanography Technical Committee of the
Acoustical Society of America

George Dossot won the Best Student Paper Award for the paper presented at the Salt Lake City, ASA
Meeting. The paper was titled “Acoustic measurements in shallow water using an ocean glider.”
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