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Introduction

The worldwide concern about the processes of climate changes has increased the pressure for the
implementation of systems capable to provide a detailed environmental monitoring of the oceans. A
central aspect of this issue is the need for time series of long observation period, both in coastal and
in deep water. This requirement has prompted the scientific community to develop long-term plans
for the observation of the oceans in terms of physical, chemical, geological and biological processes
in real time through the concept of marine observatories.

The Project for International Cooperation, Acoustic Ocean Exploration (OAEX), aims to develop
synergies and enhance technical collaboration between Brazil, European Union and Canada in the
field of ocean monitoring by acoustic methods and technologies. In this context, OAEx will
contribute to a better understanding of the global oceans, through the exchange of experiences and
the use of underwater acoustics for geophysical exploration, monitoring ocean circulation and
underwater acoustic communications.

The Program OAEXx allows the transfer of knowledge among participants to increase their
individual expertise, to be applied in future projects. Specifically, the development of techniques for
environmental monitoring of the oceans by acoustic remote sensing and underwater acoustic
communications techniques that can be integrated and applied to monitor the strategic and complex
region oceanographically adjacent to IEAPM, more exactly the area of upwelling of the coast of
Arraial do Cabo - RJ.

This report describes the acoustic and oceanographic activities and the data set acquired during the
OAEX’10 cruise, that took place on the sea area of Arraial do Cabo, Brazil, from 19" to 22"
November, 2010. The OAEx’10 was a CINTAL, IEAPM, ULB and COPPE joint experiment
coordinated by IEAPM within the scope of the FP7 — OAEX project, and its objectives were in line
with the objectives of the OAEX project. In this aspect, five tasks were performed during the sea

trial in order to accomplish the following objectives:

e To support the investigation of performance -characteristics required for acoustic
environmental monitoring;

e To support the definition of the requirements and suggestion of methodologies for
the implementation of a generic monitoring network in Cabo Frio (Brazil);

e To carry out acoustic measurement for geoacoustic inversion aiming at the characterization
of the sub-seafloor in order to complement previous geophysical survey of the area

including core and seismic profiling analysis;



e To support task 2.2 of the OAEx work plan, as well as to partially perform the work covered
by task 2.3 on underwater communications by performing tests in Cabo Frio instead of at
the C-MARS test site in Canada;

e To collect real data to support task 2.4 of the OAEx work plan on "Real data analysis"
contributing for project outcome as a whole and to WP3; and

e To carry out acoustic measurements in concomitance to oceanographic survey at high
resolution in support of forecasting and the future validation of acoustic tomography
methodologies developed during the first year of OAEX project.

The present report has the following organization. In Chapter 1 we have the description of the Sea
Trial. In Chapter 2 we have the equipments used in the experiments along with the transmitted
signals and an introduction to the received ones. Chapter 3 is the description of the geologic
information gathered for the sea trial and the Chapters 4, 5, 6, 7 and 8 presents the activities
conducted in order to fulfill specific tasks of the OAEXx Test Plan, namely: Oceanographic Survey,
Upwelling Tracking and Communication, Beta invariant parameter, Propagation Model Evaluation
and Geoacoustic Inversion. In Chapter 9 we conclude and devise the next steps of the present

project and future work.



Chapter 1

The OAEX’10 Sea Trial

The OAEX’10 has been based in the OAEX’10 Test Plan. It occurred close to IEAPM, located on

Arraial do Cabo City, where the Cabo Frio cape (Figure 1) is a feature strong correlated to a major

upwelling phenomena, driven by northeasterly winds. At this area, the shore line has a strong
change in direction from NE/SW to E/W and depths of about 50 meters reach the coast on steep
gradients followed by a small gradient from 50 to 150-meter depths that occurs at about 40
kilometers offshore. The region is subject to many different winds and waves regimes depending on
the passage of meteorological frontal systems and mesoscale oceanographic features. Climate
variability transforms the area around IEAPM into a very interesting place for acoustic research
where different sound speed profiles can be found including temperature inversions where the

upwelling features are abruptly interrupted by strong frontal system moving NE.
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Figure 1 - Experiment Area



The work area was bounded by the following coordinates:

Table 1 - Experiment Area Coordinates.

POSITIONS LATITUDE LONGITUDE
1 22°55'000 S 41°55'000 W
2 23°10'000 S 41°55'000 W
3 23°10'000 S 42°15'000 W
4 22°55'000 S 42°15'000 W

The sea trial lasted 4 days, from 19 to 22 November 2010, being the first and second days of the
cruise used to perform experiments of upwelling tracking and communications. For the trial’s
experiments two ships were used one with the transmission equipments (AvPq “Asp Moura”) and
another with the reception equipments (EDCG “Guarapari”). These ships can be seen in the Figure

2 below. Transmissions and receptions schema, positions and distances will be described later.

Figure 2 — Experiment’s Ships: ""Aspirante Moura" (left) and "EDCG Guarapari' (right).

On the third day the experiments aim at the test of acoustic forward models and ship’s cavitation
recording. At last on the fourth day it has been performed the experiment for seabed
characterization using geoacoustic inversion. This experiment took advantage from previous
geological cores collected and analyzed by IEAPM researches used as ground proof for inversion
results confirmation.

In order to control the sound speed field CTD casts were acquired during the experiments. Despite
the casts collected during acoustic experiments a complete CTD (conductivity, temperature and
depth) survey were performed during three consecutive nights on the stations shown in the Figure 3

below:



23

22

21

Figure 3 - Oceanographic Operation Area.

The CTD events have been planned to be performed on the following coordinates shown on Table

2. The coordinates of the actual points are described in the Chapter 4 along with all the other

oceanographic data gathered in this sea trial.

Table 2 — Planned CTD's Events Coordinates

EVENTS| LATITUDE |[LONGITUDE|EVENTS| LATITUDE |[LONGITUDE|EVENTS | LATITUDE |LONGITUDE
1 23°02'000 S | 41°59'000 W 11 23°02'000 S | 42°03'000 W 21 23°10'000 S | 42°07'000 W
2 23°04'000 S | 41°59'000 W 12 23°00'000 S | 42°03'000 W 22 23°10'000 S | 42°09'000 W
3 23°06'000 S | 41°59'000 W 13 22°58'000 S | 42°03'000 W 23 23°10'000 S | 42°11'000 W
4 23°08'000 S | 41°59'000 W 14 22°58'000 S | 42°05'000 W 24 23°08'000 S | 42°11'000 W
5 23°10'000 S | 41°59'000 W 15 22°58'000 S | 42°07'000 W 25 23°06'000 S | 42°11'000 W
6 23°10'000 S | 42°01'000 W 16 23°00'000 S | 42°07'000 W 26 23°04'000 S | 42°11'000 W
7 23°10'000 S | 42°03'000 W 17 23°02'000 S | 42°07'000 W 27 23°02'000 S | 42°11'000 W
8 23°08'000 S | 42°03'000 W 18 23°04'000 S | 42°07'000 W 28 23°00'000 S | 42°11'000 W
9 23°06'000 S | 42°03'000 W 19 23°06'000 S | 42°07'000 W 29 22°58'000 S | 42°11'000 W
10 23°04'000 S | 42°03'000 W 20 23°08'000 S | 42°07'000 W




Chapter 2

Acoustic data set

2.1 - The Acquisition System
In this experiment two sets of equipments were used, one in the transmitting ship and other in the

receiving one, as follows:

2.1.1 - Equipments of the transmitting ship
Ship: Aviso de Pesquisas “Aspirante Moura”

1.

N g s~ WD

Notebook HP model Compaqg 6710b, Intel Core2Duo T5470@1,60GHz, 1Gb RAM, HD
100Gb, Windows 7 Professional;

Lubell Underwater Acoustic Transducer, model LL-1424HP (Appendix B);

Lubell Bridging Transformer, model AC1424HP;

Harman Power Amplifier, line CROWN, model CDi2000;

ITC Hydrophone model 1032 (Appendix C);

GPS from M.E. Comp e Equip. Eletr., model ME-2000RW (Appendix D);

DATALOG pressure sensor.

2.1.2 - Equipments of the Receiving Ship
Ship: EDCG “Guarapari”

1.
2.
3.

Vertical Array of 8 hydrophones model P100-153-8229 at 3 meters of distance each other;
Signal Data Acquisition Equipment of Astro Med model DASH8HF-HS (Appendix E);
Notebook DELL model INSPIRON 15, Pentium 4 Dual Core@2.16GHz, 3Gb RAM, HD
250Gb, Windows Vista Professional;

GPS from M.E. Comp e Equip. Eletr., model ME-2000RW (Appendix D);

No-Break

Two different arrangements were performed, one in the transmitting ship and other in the receiving

one, according to the purpose of each one, as follows:



2.1.3 - Transmitting Ship Arrangement

In order to perform the acoustic signal transmission the equipments of the transmitting ship were
configured according to the Figure 4 below:

REDE ELETRICA
RECEPTOR GP$ DO NAVIO
AMPLIFICADOR
| @ <\\§ DE POTENCIA
& Sons N e

220V@50Hz
NOTEBOOK
Informagoes
GPS

Sinal de Audio
Amplificado

Sinal de Audio

Sinal de Audio
Sinal de Audio Amplificado

TRANSDUTOR
ACUSTICO

HIDROFONE DE SUBAQUATICO
REFERENCIA
4

m

Figure 4 - Transmitting ship equipment’s arrangement

We can see the notebook as signal generator at the same time that it receives and processes the GPS
and the reference signals. The pressure sensor data is stored on an internal datalogger to be
extracted later in a convenient time. This sensor was deployed at the transducer to log its actual

depth that was intended to be 8 meters but had some variations due the water dynamics.

2.1.4 - Receiving Ship Arrangement

In the receiving ship, two independent systems were being used, one for the array’s signal data

acquisition and other for the GPS’s data acquisition. The arrangement is as follows in the Figure 5:



REDE ELETRICA
DO NAVIO

NOTEBOOK @ @ EQUIP. DE AQUISICAO
W\ A 7 A DE SINAIS

1 / 10V@60Hz
= = \
Informagdes |
GPS
Sinais de
audio dos

hidrofones

MATRIZ DE
HIDROFONES

Figure 5 - Receiving ship equipment’s arrangement

The array was composed by eight hydrophones, numbered from one to eight, whereas the deepest is
numbered one and the shallowest is numbered eight. The predicted depths of each hydrophone are
in the Table 3 bellow:

Table 3 - Array's Hydrophones depths.

Hydrophone number Depth [m]

25
22
19
16
13
10
7
4

| Nl o] o &~ W N -

Since the acquisition system was a proprietary embedded system, the software used to perform the
records was from the equipment supplier, namely Astromed. For each of the eight hydrophone’s
channels, the acquisition sample rate was 20,000 S/s, resolution of 16bits, anti-aliasing filter at 8
kHz and channel spam of 0.2V. The acquired data was stored in a proprietary binary file format
with extension “.DCR” during the experiment and, after the conclusion of it, converted to wave files
using a program called FlexPro8.



Furthermore, the GPS positioning system program used in the two ships to log their locations was a
Simulink script running under MatLab program. This script performed the control and the interface
between the GPS device and the PC computer, along with the properly organization of the GPS
strings received every ten seconds. Figure 6 shows this Simulink model. Note that in this scheme,
along with the modules to manage the GPS, there are another two modules to control and record the

signal from an audio input port, this signal is from the reference hydrophone.

winsound 1
Captura de ... P _TRANSMIT.wav
B000 samplessec
Analog Input To Wave File
CoM1  Data e Convert —| gpsdata.mat
Cata Type Conversion To Filet

Serial Receive

ComM1
8200
B nona,1

Surial Configuration

Figure 6 - Simulink model for GPS data control

2.2 - Calibration Information

In order to prevent equipment damage, the source was not used in its nominal full power, which is
13A. It was limited to a safe limit according to the signal being transmitted to prevent exceeding the
maximum current in the transducer due to the different characteristics of the signals. The reference
values of the output currents for each transmitted signal are in the Table 4 below. From these values

it is possible to calculate the Sound Pressure Level (SL) produced at the source.

Table 4 - Reference Currents at the Source.

Output Current at Transmission

Current at the Source

Signal SL @ 1kHz [dB] (1m dist.
J @ 1kHz [A] LdB] ( )

ULB 3,74 184,60

UALG 2,87 182,35

IEAPM 5,14 187,29




Table 5 below presents the sensitivity data of the 8 hydrophones of the array. These values are in

dB and are referred to a sensitivity of 1Volt/uPascal.

Table 5 - Array's Hydrophones Sensitivity

Freq. [Hz] 200 | 500 | 1000 | 1500 {2000 | 2500 | 3000 | 3500 | 4000 | 4500 | 5000 | 5500 | 6000 | 6500 | 7000 | 8500 | 9000
Hydro. 1 [dB] [-185|-179|-176 | -175 |-174 | -174 | -173 | -173 | -173 | -175 | -176 | -177 | -177 | -178 | -179 | -182 | -183
Hydro. 2 [dB] [-185|-180|-176 | -176 |-175 | -175 | -176 | -175 | -176 | -176 | -178 | -178 | -178 | -179 | -179 | -181 | -182
Hydro. 3 [dB] |-184|-179|-178 | -176 |-175 | -176 | -176 | -175 | -176 | -178 | -178 | -177 | -180 | -180 | -182 | -182 | -183
Hydro. 4 [dB] [-184|-178|-174 | -173 |-173 | -173 | -172 | -173 | -173 | -173 | -174 | -174 | -176 | -176 | -177 | -178 | -184
Hydro. 5 [dB] [-191|-181|-176 | -176 |-175|-175 | -175 | -175 | -176 | -176 | -177 | -178 | -179 | -180 | -181 | -185 | -185
Hydro. 6 [dB] |-184|-178|-174 | -173 |-172 | -172 | -172 | -172 | -173 | -173 | -175 | -175 | -177 | -177 | -177 | -180 | -180
Hydro. 7 [dB] [-184|-179|-174 | -173 |-172 | -173 | -172 | -173 | -173 | -175 | -175 | -176 | -176 | -177 | -177 | -179 | -179
Hydro. 8 [dB] [-181|-176|-174 | -174 |-173 | -173 | -173 | -174 | -174 | -175 | -176 | -176 | -178 | -178 | -178 | -179 | -180

Figure 7 below shows the sensitivity data displayed at Table 5 plotted for graphical reference.
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Figure 7 - Hydrophone’s Sensitivity Response Curve




2.3 - Acoustic Signals

2.3.1 - Transmitted Signals

For this experiment, different signals were created by the participant institutes, according to the
purposes of their experiments. Following, we can see the spectrogram and the description of these
signals.

2.3.1a - Signal IEAPM (Sample Rate: 44100Samples/s; Resolution: 16bits):

This signal is a sequence of constant waves (CWs) at the frequency of 3500Hz with duration of 0.5s
each CW and interval of 7s between two consecutive ones, as we can see in the Figure 8 below:

Tempo(s)

100

2500 3000 3500 4000 4500
Hz

Figure 8 — Signal IEAPM, consecutive short time CWs of 3.5kHz.

2.3.1b - Signal LFM e Multi-tone, from ULB (Sample Rate: 44100Samples/s; Resolution:
16bits):

This is a sequence of two different types of signals alternated with intervals between them, Figure 9.
One signal is a Linear Frequency Modulation (LFM) also called “chirp”, that is a signal that starts
with an initial frequency value of 400Hz and this value is shifted linearly during the time and
reaches a final frequency of 800Hz.

The second signal, called Multi-tone, is composed by 20 frequencies equally spaced by 50Hz bands,
using total frequency band of 500-1500 Hz.



Tempo(s)

200 400 600 800 1000 1200 1400
Hz

Figure 9 - LFM e Multi-tone from ULB

2.3.1c - Signal UALG (Sample Rate: 44100Samples/s; Resolution: 16bits):

This signal is shown here is divided in two groups, the first, shown in the Figure 10, is composed by
a sequence of ten LFM patterns from 500Hz to 1kHz (lower frequencies), a sequence of LFM
patterns from 1 to 2kHz (higher frequencies) and a Multi-tone from 500Hz to 2kHz with nine
intermediate frequencies and the other, shown in the Figure 11, is an underwater communication

signal that has some different types of modulations and rates of data transmission:
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Figure 10 - LFM (2 bands) e Multi-tone from UAlg



2.3.1d - Underwater communications, from UAIlg (Sample Rate: 44100Samples/s;
Resolution: 16bits):

160 o

170

Tempo(s)
2

=y

200

210

2000 3000 4000 5000 6000 7000
Hz

Figure 11 - Underwater communications from UALG.

2.4 - Received Signals

From the acoustic experiments performed in the task 2, a database has been created (Appendix A).
First we have organized all the pairs of transmission and its reception in order to have all the
metadata of them available for further analysis, doing this way, we have organized all the records of
the hydrophone’s received signals that have been acquired, along with its time, geographical
location and original transmitted signal.

The signal received and stored during this experiment is in general of low amplitude, due to the
absence of a pre-amplifier between each hydrophone and the recorder device. However, for
small/medium ranges the S/N ratio is good, permitting to distinguish the transmitted signals from
the ambient noise.

From the database created, it is possible to make many different kind of analysis such as the one we
can see on Figure 12 below. There, we have in the same plot the spectrogram and two LFM arrival
patterns plots of the signal from UAIlg. The spectrogram, at the top, shows a fragment of the
received signal covering the time of one block of the signal, consisting in a series of LFM of lower
frequency and of higher frequency and a multi-tone pattern. In the middle plot we have the values

of the convolution between the signal received by one hydrophone and the replica of the transmitted



LFM of lower frequency. From this plot we can see the moment of the arrivals of the LFM of lower
frequency. A zooming in this plot would show the successive arrivals of the LFM chirp at the
hydrophone, due to interactions with the frontiers, the bottom and the surface. This arrival pattern
characterizes the acoustic channel and will be explored later. In the bottom plot, we have the same

of the previous one, but related to the LFM of higher frequency band.
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Figure 12 - Spectrogram and correlation analysis of the received signal

Another example of analysis is in Figure 13, there we can see the temporal evolution of successive
arrivals of 20 LFMs from 1 to 2 kHz (equals to the LFM of higher frequencies of Figure 11),
transmitted in a sequence. In the Y-axis, we have each of the 20 individual patterns, whereas in the
X-axis we have the time, in milliseconds, referred to an arbitrary instant that is 20ms before each
pattern arrive, doing this way we have all the patterns aligned in time and we can compare them in
terms of amplitude and number of arrivals. The color, from blue (smallest) to red (greatest),

represents the level of correlation between the received signal and the transmitted pattern.
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Figure 13 - Intensity and delay of the successive arrivals of the transmitted signal

Furthermore, it is possible to compare the data between different hydrophones, as we can see on
Figure 14 where we have for each hydrophone the analysis of the Figure 12, considering the mean
value between the 20 events for each instant of time, so each line in the Y-axis of the Figure 14

(from 1 to 8) represent one of these analysis for the respective hydrophone.

H8 11-19-2010 15-22-47-770 - VERTICAL PROFILE - HighLFM - Block 2

Hydrofones

1
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Time (ms)

Figure 14 - Vertical Profile of the received signal



Chapter 3

Geological data set

This Chapter describes the geologic and geophysical data set provided in support to the acoustic
experiment OAEXx’10. The data set allowed the researchers to select the best locations to perform
the acoustic transmission measurements, meaning range-dependent or range-independent. In the
previous months of the experiment the geological cores were profiled and analyzed and this
information has been helping to interpret the acoustic results. It is important to keep in mind that
“the only utility in knowing the laboratory properties of sea floor sediments is to be able to predict
them for the in situ conditions” (Hamilton & Bachman, 1982).

Acoustic propagation and reverberation in shallow waters is strongly influenced by interaction with
the seabed (Hamilton, 1980). That is why geological information plays a key hole in define the
geometry of acoustic experiments, improve the prediction of acoustic propagation and to validate
and complement the geoacoustic inversion results.

This Chapter is divided in two parts. The first presents all the information gathered on the

characteristics of seafloor and the second of the subbottom.

3.1 - General geological data

The area focused on OAEX Project is located inside the bigger one researched by IEAPM for the
last ten years. It is near Cabo Frio cape (Figure 15), right in front of Arraial do Cabo city, over the
inner (up to 30m of depth) and middle (up to 100 m of depth) continental shelf. The parallelism of
bathymetry lines reflects the shoreline contour which, at this place, shows a strong change in
direction, from NE/SW to E/W.
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Figure 15 - Bathymetric map showing IEAPM’s research area (square A) and OAEX's research area (square B).

3.2 — Seafloor

3.2.1 — Geomorphology

The bathymetry and sea floor morphology were defined using a bathymetric data set acquired with
multibeam echosounder and side scan sonar.

The multibeam was a Simrad EM-1000 mounted on the hull of Taurus, a hydro-oceanographic ship
owned by Brazilian Navy, on 2005. As related by Artusi (2004), the bathymetry varies between 0
and 120 m and the seafloor morphology does not presents remarkable features. Until 60 m the
bathymetry lines are parallel to subparallel, becoming less parallel westward. Between 60 m and
100 m, the lines are regular and denote an homogeneous slope with gradient of 1:370 (0.15 °). After
that depth the lines show irregularities meaning a more heterogeneous sea floor.

At the specific OAEX’s area, the monotonous sea floor shows only two remarkable features. One is
the steepy gradient of 1:25 (z 2°) at south of Cabo Frio island so that deeper depths are found closer
than 300 m of distance from shore. The other feature are big old sand waves at 100 m depth, nearly
symmetrical with average wave length of 2 km and maximum height of 3 m over the local sea floor
(Simdes, 2009) (Figure 16).



4F AT - i £ 47 Eah

S

AT

-

P

FE
BT

i

AP < = S 5T < S
I:q 5 47 7 LIE] 12
e ] o ]
i Profundidads {m)

Figure 16 - Sea floor morphology at OAEX’s Project (red rectangle). #1: steepy gradient; #2: big sand waves.

The sidescan sonar survey was planned to support the acoustic experiment. The dataset was
acquired with a Klein sonar system serial 500 with two frequencies (100 kHz and 500 kHz), on
board of Ocean Surveyor owned by Teledyne Technologies Company, in 2010, at 40 m and 60 m
water depths. In both of them were observed sandy waves with ridges aligned NW/SE, distant from
each other 5 m to 10 m. At 40 m depth, ripples were also identified in the NE/SW direction with
length of 130 m and distance between ridges of 18 m (Figure 17).
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Figure 17 - Location of side-scan sonar data acquisition lines along the 40 m and 60 m isobars (a). Sonograms at the
core positions 9 and 10 (b) and at the core positions 6 and 7 (c).

3.2.2 - Surface sediments

The surface sediment map of the seafloor was based on 217 grab samples (Van-Veen and Gibbs),
stored in the Banco Nacional de Dados Oceanograficos (BNDO) of Diretoria de Hidrografia e
Navegacdo (DHN). Besides these, were also considered information of the upper part of ten corers
obtained for this project (Figure 18).
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Figure 18 - Map of distribution of seabed sediments of the OAEX’s project area (red rectangle) and location of

sediment cores (inverted red triangles).

The distribution of sediments in inner and middle shelves, based on the average diameter, shows a
distribution in concordance with the topography. There is a predominance of medium to coarse sand
in the inner shelf. In the middle shelf the sediment changes from fine to very fine sand to mud
(mainly silt) eastward. The content of the CaCO3 is < 20% for all samples collected in this area.

Studies of ancient sea level stabilizations related to Holocene transgression, considering
morphology and sediment distribution at the sea floor were done by many authors (Kowsmann &
Costa, 1974 and 1978; Correa et al., 1980; Costa et al. 1988). These possible paleo-shorelines are
located at approximately at 130, 110, 80-90, 60-75, 50, 32-45 and 20-25 m water depth. The
identification of these paleo-shorelines should be considered in acoustic studies as it favours the
consolidation of marine sediment and thus increase the compressional speed to levels characteristic
of more solid material. Experiments of acoustic inversion can be compromised by incorrect

identification of these layers.

3.3 - Subbottom

3.3.1 — Seismic profiles

The seismic data used are those obtained by GEOMAR XVI1/1980, CENTRATLAN 1/1981,
GEOMAR XX/1982 and DIADORIM/2003 surveys. The analysis of seismic profiles allowed

defining the acoustic basement in the inner and middle shelves. The acoustic basement consists of



supposedly pre-Cambrian rock, similar to the continent emerged (Gorini et al, 1984), in this case,
the rocks of the Complexo Regido dos Lagos. The acoustic basement deepens eastward reaching
about 60 m below the sedimentary layer near the Cabo Frio Island, and southward offshore. Its
morphology, more irregular near the Cabo Frio Island, suggests that is probably composed of
volcanic rocks similar to those found at emerged island (Artusi, 2007).

The seismic profiles show that the thickness of sediment increases towards the edge of the platform,

while is constant laterally (Figure 19).

Figure 19 - Tridimensional scheme of IEAPM’s research area showing the acoustic basement (red) and four

sedimentary layers under the seafloor. The red rectangle represents the OAEX’s Project area.

The high-resolution seismic lines obtained for the project were acquired simultaneously with the
side-scan sonar, using the 3.5-kHz Geopulse Geoacoustic in the ship Ocean Surveyor, as explained
previously. The maximum penetration of the seismic signal at 40 m water depth was 10 m where
was resolved only one layer with a few strong and laterally discontinuous reflectors. At 60 m water
depth, the maximum penetration was 6.9 m and revealed a parallel stratigraphy. At the top layer,
with a 4-m thickness, were found scattered reflectors, while in the lower strata, with 2.9-m
thickness, the reflectors are strong and well defined.
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Figure 20 - Location of high resolution seismic data along the 40 m and 60 m isobaths (a). Profiles at core 9 (b) and

at the core 6 (c) positions.

3.3.2 - Geological cores

Two campaigns were held to collect geological piston cores with Diadorim ship. The first one, in
2005, collected nine cores. Macedo (2009) obtained the compressional wave velocity and
attenuation values for the sedimentary types found. The second campaign was in 2009 when the

locations of corers were chosen taking account the local bathymetry and seafloor geology from 40



m to 100 m water depts (Figure 20), where the sediment varies from sand to mud. The longer core
is 1.80-m long. All the cores were analyzed at the Universidade Federal Fluminense using the
GEOTEK Multi-Sensor Core Logger (MSCL), a system to perform automated core logging that
enables a number of geophysical measurements including compressional wave velocity (Vp),
magnetic susceptibility and gamma ray attenuation (Figure 21).

Figure 21 - GEOTEK Multi-Sensor Core Logger (MSCL).

After logging with multi sensor, the cores were sectioned in the longitudinal direction and sampled
each 10 cm. The samples were divided into two fractions, one to determine CaCO3 content and
other for the granulometric analys. The grain sizes were characterized following Folk&Ward (1957)
methodology and Wentworth (1922) granulometric classification.

The core analysis indicated that mud content and porosity increase toward offshore and sand
content, compressional wave velocity, density and impedance decrease in this direction. As
indicated in the map of sediment particle size classes found were medium sand, fine sand, very fine
sand, coarse silt and medium silt. For these classes average values of geacoustic parameters are
listed below (Tables 6 to 9).



Table 6 - Average compressional wave velocity obtained from the sediment cores.

Sediment Average Vp (m/s)
Medium sand (1to2 ) 1671
Finesand (2to 3 ) 1684
Very finesand (3to4 ) 1606
Coarsesilt (4to5 ) 1551
Mediumssilt (5to 6 ) 1544

Table 7 - Average density for the sediment cores.

Sediment Average Density (g/cm3)
Medium sand (1to2 ) 2.191
Finesand (2to 3 ) 1.996
Very finesand (3to 4 ) 1.869
Coarsesilt (4to5 ) 1.770
Mediumsilt (5to 6 ) 1.674

Table 8 - Average acoustic impedance for the sediment cores.

Sediment Acoustic Impedance
Mediumsand (1to 2 ) 3755.41
Finesand (2to 3 ) 3312.24
Very finesand (3to4 ) 2948.03
Coarsesilt (4to5 ) 2709.76
Mediumssilt (5to 6 ) 2732.54

Table 9 - Average porosity for the sediment cores.

Sediment Porosity (%0)
Medium sand (1to2 ) 32.4
Finesand (2to 3 ) 43.7
Very finesand (3to4 ) 51.1
Coarsesilt (4to5 ) 56.2
Mediumssilt (5to 6 ) 56.7




Chapter 4

TASK 1: Oceanographic Survey

This Chapter describes the oceanographic activities and the collected data in order to environmental
characterization of the experimental area, according to the Task 1 of the OAEX’10 Test Plan.

Oceanographic data were collected (raw data files) in summer local time (-2 hours from Greenwich
- *“0O™), but they were processed (mat files) in to GMT. The CTD on board at EDCG did not work

property.

4.1 - Data acquisition

Equipments:
. CTD Midas SVX 5000
. XBT T10 (6 units)

Along the trial OAEX'10, 100 oceanographic stations were performed in 4 different steps, being 6
stations profiled by XBTs and the others by CTD. The sampling period started on November 18"
2010, at 9:30pm, and ended on the 22", at 2:50pm. The planned oceanographic station collect grid

can be observed on Figure 22.
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Figure 22 - Grid planned for oceanographic stations.




1% step

The activities started collecting oceanographic data at the grid area (Figure 22). At 21:30 of 18th,
began with Point 01, and finished at 07:30, of 19th, at Point 26. Following the determination from
the cruise coordination, the stations at points 27, 28 and 29 were aborted. At points 6, 11, 16, 18, 20
and 23, the sampling was performed with XBTs. In the Figure 23 we can se the grid for this step:
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Figure 23 — Grid of the oceanographic stations performed in the first step.

From 10:20am until 05:27pm of 19th, CTDs sampling were performed to support the acoustic
experiments. Initially, we planned to use XBTs to optimize collected time. However, there were no
significant difference in the sampling time between the stations carried out with XBT and CTD.
Thus, the planned XBTs oceanographic stations in the other stages were canceled and replaced by
CTD stations.

2" step
The second phase of data collection began at 06:44pm, on 19th, with CTD sampling at point 29.



This was covered on the reverse, being completed on Point 1, at 05:58am, on 20™. According to the
relative available time, regarding previous stages, only the point 6 was aborted. The performed grid

in this step is in the Figure 24?
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Figure 24 — Grid of the oceanographic stations performed in the second step.

The temperature and salinity profiles, collected to support the acoustic experiments, began at

09:28am, on 20", and ended at 06:04pm, at the same day, with a total of 7 samples in this interval.

3 step

For the third step, the grid of oceanographic sampling was changed to optimize the available time.
In this new grid, points 5, 6, 7, 14, 21, 22 and 23 were aborted. The sampling started at 07:57pm, on
20" at point 29, and was finished at 01:00am, on 21%. At point 15; the sampling was stopped
because of weather conditions. At 05:00am, on the same day, samples were restarted at point 13 and
ended at 07:48am. Since time became a constraint due bad weather; points 8, 4 and 2 were aborted.

The grid performed in this step is in Figure 25:
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Figure 25 — Grid the oceanographic stations performed in the second step

The CTD sampling to support the acoustic experiments began at 00:40pm, on 21%, and ended at

06:30pm, summing 7 samples.

4" step

In this last stage, no samples were taken at the oceanographic grid. The performed samples were
only to support the acoustic experiments. Three (3) stations were performed between 11:23am and
02:48pm, on 22",

41.1-CTD

At “Aspirante Moura”, it was used the CTD Valeport, model MIDAS SVX 5000, which acquired
temperature, salinity, pressure and sound speed propagation data, at a of 8 Hz sampling rate. The
CTD was launched from the back of the vessel, supported by mechanical winch on 18, 19, 20, 21
and 22 November 2010.



Collected data at “Aspirante Moura” and their plots (Appendix F) were performed by CTD’s
software manufacturer. It is also available an explained file (“header”) and a file containing
collected data positions. Calibration data provided according to the records in Annex A.

412 - XBT

Were conducted 6 samples of XBT data acquisition, performed only in “Aspirante Moura” at points
6, 11, 16, 18, 20 and 23, on November 19", 2010. It was used the MK 21 Sippican, with specific
probes according to the depth. These data and their stations' times and positions are available in

Appendix G.

4.1.3 - ROMS - Circulation model

The Regional Ocean Modeling System (ROMS) was used to simulate the thermohaline circulation
field with the following characteristics:

* horizontal resolution was approximately 1000 m;

« vertical resolution of 25 levels;

» the open boundary conditions were applied;

« forcing:

i. wind: data from the Advanced Scatterometer (ASCAT), in periods of 12 hours;

ii. tide: global model of ocean tides TPXO7.2;

« initial conditions: feature model based on the World Ocean Atlas 2005 (Antonov et al., 2006)
climatological thermohaline structure reshaped to match the Sea Surface Temperature (SST) from
satellite for the day 09112010;

* bathymetry: obtained from nautical charts and interpolated to 1 minute of degree resolution (data
from REMO Project).

4.1.4 - Satellite

Satellite images were obtained by MODIS sensor aboard the Aqua satellite, acquired from the
Ocean Color Group, National Space Agency (NASA), during the preparation and execution of the
cruise OAEX. Near-real time images are available after 6 to 10 hours the satellite overpasses Cabo

Frio.



4.2 - Data processing

4.2.1 — In situ data processing

The CTD and XBT data processing consisted of some stages, following procedures recommended
by UNESCO (1988): acquisition and translation of files generated by the equipments, definition of
interested thermohaline profiles and application of filters (described below):

First Filter — Removal of spurious data. This filter scans the profile and identifies outliers present in
the record (they disagree with the adjacent peaks). This is done identifying values within a 3 meters
sliding window that are absolutely bigger than the window’s average value plus 3 standard

deviations.

Second Filter — Binning. This filter organizes high frequency samples in values regularly spaced
every meter of the profile. This is done by calculating the average value for each meter of water

column.

Third Filter — Smoothing by moving window. This filter removes the variability that occurs in an
interval shorter than the window size. It consists in applying a weighted mean sample in records
present in the window. The weight was based on a Hanning curve.

4.2.2 - Satellites images processing

Level 2 images were acquired from NASA, after radiometric calibration, atmospheric correction,
cloud masking and biogeophysical parameters estimated by specific algorithms. The SeaDAS
software (SeaWiFS Data Analysis System) was used to cut the area of the experiment, to set the
images projection, to extract biogeophysical parameters of interest, such as chlorophyll-a (Chl-a)
and sea surface temperature (SST).

During the cruise preparation, the SST images were used as input parameters of ROMS (Regional
Ocean Modeling System). Daily, during the cruise period, images of Chl-a and SST were processed
and, according to the cloud cover level, sent to researchers on board to assist “Aspirante Moura”



observational interpretations of the experimental area. Due to cloud coverage, only the image of

19™ November 2010 presented good conditions over the experiment area (free of clouds).

4.2.2a - Preliminary analysis

One hundred (100) profiles were collected during the cruise, which 92 were from CTD and 8 from
XBT, covering depths between 12 and 120 meters.

Throughout the cruise, surface temperatures were recorded between 17 and 23.8°C, while salinity
ranged between 35 and 36.5. All profiles showed a well defined thermocline occurring between 5
and 50 meters deep.

During the cruise, it was registered the occurrence of oceanographic phenomenon known as coastal
upwelling. In this phenomenon the denser bottom water rises to the surface near the coast. It was
also found that the thermohaline index from water samples at these stations corresponded to the
South Atlantic Central Water (ACAS) water mass index, according to Miranda (1985) (Figure 26).
The temperature vertical sections drawn for the 2" step clearly demonstrate the rise of this water
mass towards the coast (Figure 27).

Additionally, there was a temporal evolution of upwelling along the days of the survey. This was
recorded by the displacement of the upwelling front toward the ocean and the cooling of surface
waters at stations closer to the coast, which can be observed on the evolution of the interpolated
SST maps generated from in situ data (Figure 28).

The images of Chl-a and TSM on 19" November 2010 also show a rather characteristic of the Cabo

Frio upwelling and mesoscale dynamics in the adjacent oceanic region (Figure 29).
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Figure 26 - Temperature and salinity profiles from the CTD stations and respective TS diagram.
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Figure 27 - Temperature vertical sections for 2nd step.
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Figure 28 - Interpolated SST based on data collected on the steps 1, 2 and 3.
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Figure 29 - Images of chlorophyll-a (logarithmic scale) and Sea Surface Temperature.




Chapter 5

TASK 2: Upwelling Tracking and Communication

The OAEX partners are interested in test the feasibility of upwelling dynamics tracking through
acoustic monitoring. The geometry configured to do it during this trial was to keep a fixed
source/receiver array position both along the Range-Independent (RI) and Range-Dependent (RD)
tracks as much time as possible while transmitting LFMSs in two frequency bands 500-1000Hz and
1000-2000Hz and multi-tones covering the 500-2000Hz band. For the communication purpose,
signals at various data rates and modulations (4, 8, 16 PSK, OFDM, etc) were been also transmitted.
In this case, the maximum distance of transmission was the one were a significant SNR was
maintained.

The experiments were conducted on days 1 and 2, holding the positions shown in Figure 30 and, in
tabular form, in Appendix A.

OAEx 2010 Aceustie Stations - Day 1 OAEx 2010 Acoustic Stations - Day 2
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Figure 30 - Positioning of the ships during the first and second days.

Examples of LFMs and multi-tones received signals can be seen in the Figure 31 (left) where the
spectrograms and the arrival correlation of each LFM pattern, in time domain, is plotted. On the
right of the figure, the arrival patterns for the low LFM were plotted as a temporal evolution within

its 10 repetitions.
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Figure 31 - LFMs and multi-tones received signals




From Figure 32 to Figure 36 we can see the amplitude of the arriving signal in function of time for
each of the 8 hydrophones of the array, characterizing the vertical profile of propagation of the

channel in different blocks.
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Figure 32 - Vertical profile of the received signals, block 1.
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Figure 33 - Vertical profile of received signals, block 2.
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Figure 34 - Vertical profile of the received signals, block 3.
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Figure 35 - Vertical profile of the received signals, block 4.
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Figure 36 - Vertical profile of the received signals, block 5.

In the Figure 37 below, the prediction of the above signal generated by the Bellhop model can be
seen. In it, one can devise a reasonable agreement between field and modeled data. Although there
are still significant amplitude differences between de model plotted and the actual signal received,
the shapes are very similar, in other words, there is a qualitative agreement and we need to improve
the quantitative one.

Changes in the environmental parameters file for Bellhop initialization will be performed to better
correlate the prediction field with the observed one. That’s the starting point for the use of inversion

methods.
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Figure 37 - Bellhop modelled vertical profile

The parameter used to run the model were: Compression Velocity c= 1626m/s; Mean Density
r=1.9g/cm3; Attenuation = 0.8dB/1 and the vertical sound speed profile is as follows in the

Figure 38 bellow:
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Figure 38 - Vertical Sound Speed Profile at the trial’s site.
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TASK 3: Invariant Parameter

One important characteristic of the sound field in the ocean is the horizontal scales of its variability.
This variability is mainly due to mutual interference of different modes of neighboring orders. Beta
is the invariant of an interference pattern within a group of modes. Determining it, we may calculate
the distance between the source and receiver for a range-independent waveguide in shallow waters.

r duw

w dr
Were:

b - Invariant Parameter;

r — Distance between the source and the receiver;

w - Angular frequency.
In the Figure 39 bellow, we can see the feature of the specter (x-axis) of a cavitation noise related to
the distance between the source and the receiver (y-axis). Notice the red line, indicating the

invariant of the interference pattern. From this line one can derive the & invariant parameter,
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Figure 39 — Cavitation noise espectrum.

demonstrated in the Figure 40, were the y-axis represents the distances between the source and the

receiver, and the x-axis represents the frequencies. In this way, one can see that the region denoted



in the red line on Figure 39 represents an approximate straight line which inclination constant is the

b parameter.

r2

n
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Figure 40 — Graphical representation of the Beta invariant parameter.

During the data acquisition, the focus was on the determination of the beta invariant parameter for
low frequency mode propagation in shallow water. The “Aspirante Moura” propeller cavitations
broadband noise at maximum speed has been used as acoustic source and the EDCG held the
receiving array. This experiment demanded two runs in range-independent and range-dependent
transects. We can see iFigure 41n Figure 41 the trajectory of the “Aspirante Moura” (white path)
along with the location of the “EDCG” (black dot).

OAEx 2010 Ship Cavitation Run - Day 3

Latitude

42°W

Loagirude

Figure 41 - Positioning of the ships during the cavitation experiment.
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TASK 4: Calibration of Kraken, Bellhop and RAM Models

In order to collect data to calibrate the Kraken, Bellhop and RAM acoustic propagation models,
used at IEAPM/IPgM for Arraial do Cabo Site, the ship transmitting the signal followed the transect
CD as planned according to the Figure 42 and performed according to the registered in Figure 43,
with the receiving ship staying moored at position C, performing acoustic station apart 1km each. In
every station it was transmitted a CW signal of 3.5kHz with 500ms (TX) and 7s (pause) in a loop
during 5min along with CTD or XBT.

Figure 42 - Geological cores and acoustic transects.

The points in Figure 39 have the following coordinates of the Table 10:

Table 10 - Coordinates of the experiment for the task 4.

POSITIONS LAT LONG DEPTH (m)
4 23°02°,3S | 042°03’,3W 78
6 23°00°,5S | 042°07°,4 W 63
9 22°58°6 S | 042°05°,0W 44
A 22°58'500 S | 42°04'000 W 30
B 23°01'500 S | 41°59'500 W 80
c 23°00'250 S | 42°01'500 W 50
D 23°04°000 S| 42°05°000 W 90




OAEx 2010 Acoustic Stations - Day 3

Latitude

Legend

WHT - IEAPM1
CYAN - IEAPM2
YLW - IEAPM3

| GRN - IEAPM4

RED - IEAPM5
MGNT - IEAPM6
BLK - IEAPM 9
YLW/RED - IEAPM12
GRN/YLW - IEAPM13
RED/BLK - IEAPM14
Longitnde MGT/YLW - IEAPM16
BLK/YLW - IEAPM17

Figure 43 - Positioning points during the task 4, according to GPS data acquired.

In the Figure 43, all the pairs of transmissions/receptions are represented by different colors. The
coordinates of these pairs can be seen at Appendix A, on day 3, from the filenames prefixes of the
receptions, which are the same of the listed in the legend.
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TASK 5: Geoacoustic Inversion

The sea trials occurred in November 20 and 22 included acoustic run emitting multi-tone signal
from the source set to 10-m depth and recording acoustic pressure data in the 8-hydrophones array
positioned at 700-m, 1200-m and 1600-m from source, respectively, for the runs near over the cores
9, 6 and 4 sites.

The signals expressed in item 2.4.1 from CASOP, UAIlg and ULB contain multi-tones which can be
used for MFP inversion purposes. Until the present moment, it was analyzed by the CASOP invited
member the signals from ULB recorded on run number 1 of the core 9 site. These multi-tones
chosen are composed of 24 frequencies with band 250—21000Hz. The tones are selectioned in a
criterion of 1/12 octave scale. Ten sequences containing this signal was repeated every minute. The

transect for this case had source-receiver range of 700-m, in a considered range-independent

environment with 48-m depth, parallel to the 40-m isobath.

CABO
N’I’Dm 4530 FRIO AE7O000
— 5 o

00001

0a002e-

ma0psar-

Figure 44 - Geological cores and acoustic transects.

For run #1 the source is positioned on coordinates 22° 58’,6 S — 042° 05°,0 W (the acoustic

emissions near over Core 9 site r was done in the 2™ day of experiment.) by the AvPq “Asp Moura”



and the array of 8 hydrophones are positioned by EDCG at 900m in the true bearing 275. The run
#2 will be done in the same position but with the acoustic data acquisition equipment provided from
IPgM. After that, for run #3 the source is over coordinates 23° 00°,5 S — 042° 07’,4 W (core 6) and
the array of 8 hydrophones are positioned by EDCG at 1200-m in the true bearing 270. Finally for
the run#4 the source is over coordinates 23° 02°,3 S — 042° 03’,3 W (core 4) and the array is at
1600-m from the source in the true bearing 260.

The Figure 44 above shows the sites of the experiments conducted for geoacoustic inversion. In the

core9 site was realized acoustic records for that purpose in the second day of the sea trial.

The sound speed profile of water column was measured just before the acoustic records employing

CTD, getting a downward behavior for the acoustic energy, as showed in Figure 45.

SDDUND SPEED PROFILE IN WATER COLUMN
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ssp from measurement in on-line CTD (m/s)

Figure 45- Sound Speed Profile in Water Column.

The core 9 gives analysis of 1,4-m depth in sediment layer. It indicates a sand layer with the

detailed sound speed profile for this short range showed in Figure 46.
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Figure 46 - Analysis of 1.4m depth in sediment layer.

Earlier seismic assessment suggests that the sand layer have thickness between 10-m and 40-m and
density of 1,4 g/cm3. It was observed small influence of current over the slope of the array. It is
expected small array tilt, with position nearly vertical.

Finally, these descriptions given above shows in resume the environmental data, chosen signals and
a priori information that are been applied for acoustic inversion work which aims to estimate
geoacoustic parameters from seabed and geometric parameters for focalization. In near future

scientific paper will be present for explanation of results and conclusions.



OAEx 2010 Acoustic Stations - Day 4

Latitude

Longitude

Figure 47 - Geological cores and acoustic transects from GPS.

The Figure 47 above shows the geometry of the experiments conducted on the fourth day of the sea
trial.
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Conclusion and Future Work

The OAEX’10 sea trial has accomplished its desired goals.

Quiality of equipments, specially the non-amplified hydrophones used on the vertical array, must be
improved in future works in order to allow experiments with longer range. Another aspect to be
improved is the control of experiments timing and positioning from GPS. In turn, for ranges up to
2km the received signals reach a reasonable SNR and processing were successfully performed,
yielding interesting results that meet the main objectives of the project, strong suggesting that the
upwelling plume of cold water can indeed be monitored by acoustical means. Geo-acoustic
inversion has been implemented also with good results.

A complete processing of the acquired data should follow this preliminary data report in order to
apply the best methodologies in data processing and to reach more sound results. The preliminary
data analysis presented showed good initial results and a good set of possibilities.

A workshop to be hosted by Universidade do Algarve — UALG on July 2011 should present some
detailed processing results of this large amount of data.

Although the choice of area for the acoustic experiment was made based on the occurrence of
upwelling phenomenon, the geology and geophysics of the site show a classic marine environment
of the passive continental margin, under the influence of waves and without structural complex,
highly appropriate for the initial studies of geoacoustics.

Due to limited range of sediments occurring in the area, it was not possible to characterize all grain
sizes classes, restricting the definition of geoacoustic parameters only for sand medium to medium
silt (1 to 6). However, considering the limited mineral composition of marine surface sediments
in the terrigenous environment (quartz, feldspar, mica, clay minerals sometimes, heavy minerals),
the physical properties of sediments can be extrapolated for other similar environments at Brazilian
coast.

The authors would like to suggest some ideas for future works:

1 - surveys should be carried out in the west part of the IEAPM’s study area (Figure 20 (A)) for to
characterization of other classes of sediment and rock;

2 - seismic data survey should be obtained in the perpendicular direction to bathymetric lines for
range-dependent acoustic experiments;

3 - for marine sediments, collect compressional and shear velocities data in situ (15 cm); and

4 - scaling the influence of morphology on acoustic propagation.

5 - further study the attenuation in marine sediment.
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Appendix A

Guide to the acoustic data files, every Tx/Rx filename is a link that leads to the actual folder of the
corresponding file where you can find the wave file and its corresponding GPS data file (see more
at Appendix I):
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Appendix B

Lubell.com Frssss

SPECIFICATIONS

Frequency Range: 200Hz - 9kHz (<~4d8
betwesan 400Hz - 8kHz)

SPL: 157dBuPa'm & s0DHz (30Y rms
epplied a1 cable end)

Maximum Voltage: 80 ¥irms

Duty Cycle: 100%M10A, 50%14A
Imipedanice: 3 ohms nominzl (ncluding
AT 424HP =fmr box)

Depth Hafing: & - 40

Dimensions: 16.5"x 16.5" x 16.5"

Ducer Cage Wht: &1 |bs'air, 33 lbs'weler
Finigh: 10-mil apoxy on MIL-C-5541 Class
1-A (transducer); 30455 cape

Connector: Seacon XSEESECH

Cable: Seacon X5EE3CEP mokded to one
end of 50 meter 14’3 50 cable (32 bs)
Data: Guide, TVE, SPL, Z, tabular
Included: AC1424HP bridging ximr box
Price: $5025

Warranty: 2 year limited

= Amplifier: FA2500 $6849 or CDIi2000 $1373

Huball_labafiwowanay . com

Tal: (614) 2356740, 8:00am-5:00pm EST

Prirtabls POF brachurs
Comgiete | - | |

Lubell LL-1424HP
Underwater Acoustic
Transducer

High-Power Broadband Piez oelectric Unde rvater
transducer for Military and Scientific Applications

DESCRIPTION

The LL-1424HP is a piezoelectric underwater
acoustic transducer dasigned for general
purpose military and scientific applications.
The LL-1424HP may also be used as an
underwater speaker when high power is
requirad.

Tha LL-1424HP has a useful frequency range
of 200Hz-9kHz (400Hz-BkHz +-4dB), a
maximum SPL of 197dBuPa'm @ 600Hz
w/BIV rms applied, and a nominal impedance
of 8 ohms. The LL1424HP is provided with an
AC1424HP bridging transformer box allowing
connaction to amplifiers up to 2500 watts at 4
ohms bridged mono.

The LL-1424HP is built io withstand ocean
environments by virlue of its 10 mil epoxy
finish and cage mounting system. The LL-
1424HP is fitted with a Seacon bulkhead
connactor and includes a mating 50 meter
Seacon cable.
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