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e The corresponding time delays were calculated by dividing by the sound speed;

e Computed signals for each gun were delayed by the appropriate time, and then these delayed
signals were summed over the guns;

e The energy spectral density of the resulting time domain waveform was then calculated via a
Fourier transform;

e During this procedure care was taken to ensure that the resulting spectrum was scaled correctly
so that the results were in source energy spectral density units: dB re 1 uPa’s/Hz @ 1m.

2.1.3  Source modelling results

Final model calibration, as described in the section above, was carried out using Client-supplied model
waveform for the array at nadir, which has been subjected to a proprietary low-pass filter with f34g =
300Hz. CMST’s model achieved similar filter performance by applying a 1storder low-pass Butterworth
filter with fygg = 300Hz. This resulted in linear calibration factors of 0.805 for PGS 3090 in® and 0.64 for
PGS 4130 in® (based on the square root of integrated spectral energy). The results of CMST’s model
agree well with the Client-supplied waveforms (Figure 2 and Figure 3).

The azimuth dependent spectra are plotted as beam patterns in Figure 4 and Figure 5. The horizontal-
plane frequency-dependent beam-patterns display strong azimuthal dependence at high frequencies
and the directionality reflects the two primary axes of symmetry in the array geometry.

An equivalent source level was calculated by integrating the horizontal plane source spectrum over
frequency and averaging over azimuth. The value obtained for PGS 3090 in® and PGS 4130 in® are 228
and 229 dB re 1 pPa’s @ 1m, respectively. . These values are indicative only, as they obscure important
effects such as the frequency dependent directivity of the arrays and interaction of the sound with the
sea surface. These equivalent source levels were not used in the calculation of received levels.
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Seabed

The seabed models used here have been proposed by CMST, based on its previous experience with
similar environments and the study by James et a/. (2001). Although the Client was unable to provide a
description of the shallow geology of this specific area, these seabed models are consistent with
information available for other areas of the Great Australian Bight.

The acoustic seabed models have been selected to avoid direct modelling of an elastic seabed. This is
due to the lack of availability of range-dependent propagation codes which are stable for elastic
substrates overlain by low shear-wave velocity sediments. Jensen et a/ (2001) was used as a guide in
determining the geoacoustic properties of the seabed model.

The two seabed environments are discussed below and summarised in Table 2.

Table 2:  Spatially dependent seabed models.

Region | Depth range (m) Description
On-shelf 0-200 1 m coarse sand on calcarenite (as equivalent fluid)
Off-shelf > 200 Silty-sand (shear velocity set to zero)

On-shelf region

The nominal seabed model for the shelf environment is a calcarenite substrate overlain with a layer of
unconsolidated material. To represent a worst case, a relatively strongly reflecting seabed was chosen
comprising a 1 m thick layer of coarse sand over a calcarenite halfspace. To circumvent the problems
associated with using range-dependent elastic seabeds in acoustic propagation models, the calcarenite
substrate was modelled using an equivalent fluid model that provided a good reflection coefficient
match over a grazing angle range of 0 to 30°. The resulting geoacoustic properties are listed in Table
3.

Off-shelf region

The nominal deep water seabed features a deep upper layer of fine sand or coarse silt. The shear
velocity of unconsolidated sediments increases with depth but is sufficiently low in the upper regions for
elastic effects to be ignored. The nominated model seabed is therefore a “fine-sand” half-space (see
Table 3).

Table 3: Seabed acoustic data used in propagation modelling.

‘ Compressional Shear
. Compressional : Shear wave
Material &;n:t% wave speed wave(:?pnet:ahon :::3 attenuation (dB
(m/s) wavelength) (m/s) per wavelength)

Limestone 2400 3000 0.1 1500 0.2
Equivalent , )

fluid 2400 1350 14

Sand 2000 1780 0.7 - -
Aily-sand. | 459 1620 0.9
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