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Executive Summary

Acoustic studies in support of the Korean-Okhotsk (western) gray whale monitoring program
are designed to monitor acoustic changes due to oil and gas developments near the NE
Sakhalin feeding areas of the western gray whale population (Eschrichtius robustus). This
acoustic program monitors the ambient sound levels across the NE Sakhalin shelf and the
temporal variation in anthropogenic sound levels due to oil and gas development activities.
Transmission loss studies are also conducted to better understand acoustic propagation
from current and proposed Exxon Neftegas Limited (ENL) and Sakhalin Energy Investment

Company (SEIC) facilities and pipelines to the Piltun and offshore feeding areas.

The acoustic measurements were conducted using 14 digital Autonomous Underwater
Acoustic Recorders (AUARs) developed at The Pacific Oceanological Institute (POI).
Compared to sonobuoys these AUARs make high fidelity acoustic measurements with an
improved dynamic range, increased bandwidth (1 Hz - 15 kHz) and extended recording time
(16 days continuous recording), allowing acoustic measurements to be conducted over most
of the NE Sakhalin shelf rather than a small range around a base camp or vessel. Four of
these AUARs were Transmit-AUARs (T-AUARs), equipped with a radio channel and
capable of simultaneously recording data on the AUAR hard drive and transmitting data
(bandwidth 10 Hz to 5 kHz) to a receiving radio station. An additional two mini-AUARs were
constructed for the 2005 field season; these were smaller, with a reduced (72 hours) record
time and were used for Transmission Loss and source level measurements. Individually
deployed acoustic sonobuoys also developed at POI (2 digital and 4 analog) were used to
measure acoustic signals and to transmit them to a receiving station. Analog sonobuoys
recorded frequencies from 10 Hz to 10 kHz and digital sonobuoys from 1 Hz to 2.6 kHz.
When used together an analog and digital sonobuoy pair can record acoustic data from 1
Hz to 10 kHz. The radio signals from the analog and digital sonobuoys and the T-AUARs
were received at a radio station at Piltun lighthouse and one on the vessel Academik

Lavrentev.

In addition to the acoustic studies, a comprehensive sampling program for bathymetry and
hydrology was initiated in 2004 and continued in 2005. The goal of this program was to
better understand the temporal and spatial variations in the hydrologic parameters on the
NE Sakhalin shelf.
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1 Introduction

The acoustic program conducted on the NE shelf of Sakhalin Island in 2005 extends the
long-term acoustic monitoring program initiated in 2003. The monitoring program was
designed to study temporal and spatial variations in the amplitude and frequency
characteristics of ambient and anthropogenic sound at the edge of the Piltun and offshore
gray whale feeding areas. In addition to monitoring the background acoustic environment,
detailed Transmission Loss (TL) studies were conducted along proposed ENL and SEIC
pipeline routes and from current or proposed facilities. In order to estimate the sound
transmission from project activities it is necessary to understand the characteristics of sound
propagation from the proposed production facilities to the limits of the known gray whale
feeding areas. These are the areas where the gray whales are concentrated, predominantly
feeding in water depths of 5-20 m in the Piltun feeding area and 30-65 m in the offshore
feeding area. Mother-calf pairs have mainly been observed in the Piltun feeding area in
water depths less than 10 m. These acoustic studies, in conjunction with the amplitude and
spectral content of the background acoustic environment, will be used to assess any

potential impacts from the construction and to design more effective mitigation measures.

During the 2005 field season (7 July to 7 October), acoustic equipment was deployed from
the research vessels Academik Lavrent’ev and Academik Oparin which also accommodated
the biology teams (Benthic, Marine Mammal Observers (MMO) and Photo-ID).
Synchronous acoustic measurements were made at stations ranging from north of the
Odoptu license area to the southern edge of the offshore feeding area (Figure 1.1). This

area extends a distance of 180 km from its northern to southern borders.

The acoustic measurements were conducted using 14 digital Autonomous Underwater
Acoustic Recorders (AUARs) developed at POl FEB RAS' (POI). Four of these AUARS
were Transmit-AUARs (T-AUARs)%. An additional two mini-AUARs were constructed for the
2005 field season; these were smaller with a reduced (72 hours) record time and were used

for TL and source level measurements.

' POI FEB RAS - The Pacific Oceanological Institute, Far East Branch of the Russian Academy of Sciences.

2 The T-AUARSs were equipped with a radio channel and were capable of simultaneously recording data on the
AUAR hard drive and transmitting data (bandwidth 10 Hz to 5 kHz) to a receiving radio station. The
transmission can be continuous or on a pre-programmed schedule.
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The AUARs were designed to accurately record frequencies between 1-15,000 Hz and
enable accurate, autonomous, synchronous acoustic measurements over a broad range of
frequencies (including infrasounds®).  Individually deployed acoustic sonobuoys also
developed at POI* were used to measure acoustic signals and to transmit them to a
receiving station. Analog sonobuoys recorded frequencies from 10 Hz to 10 kHz and digital
sonobuoys from 1 Hz to 2.6 kHz. When used together an analog and digital sonobuoy pair
can record acoustic data from 1 Hz to 10 kHz. A detailed description of this equipment is

given in sections 2 and 3 of this report.

The radio signals from the analog and digital sonobuoys and the T-AUARs were received at
one recording station at Piltun lighthouse and another on the vessel Academik Lavrent’ev
(Lunskoye). The range of the digital radio channel was over 8 km when received by the
non-directional antenna on the Academik Lavrentev (25 m) and is expected to be over
10 km when received by a directional antenna at Piltun lighthouse (35 m). The range of the
analog radio channel depended on the type of radio receiver used and the elevation of the
receiver. Broadband (10-10,000 Hz) signals could be transmitted up to 12 km; narrowband
(10-5000 Hz) signals could be transmitted more than 20 km if received by the station at

Piltun lighthouse.

Previous work had shown that the results from acoustic modeling are very sensitive to the
hydrologic, bathymetric and sea bottom parameters along the profile of interest. A
comprehensive suite of bathymetric and hydrologic measurements was therefore acquired

using the vessel’s sonar and a hydrologic sonde.

The results of the 2005 acoustic program are presented in three separate volumes. The
first volume describes the objectives of the 2005 program. The volume contains DVDs with
sonograms in 24-hour segments for all the data recorded in 2005; and the bathymetric and
hydrologic data acquired during the 2004 and 2005 field seasons. The second volume

describes the equipment used, its testing and calibration as well as the operational strategy

® Infrasounds are sounds with a frequency of less than 20 Hz.
* The 2 digital sonobuoys have a 16-bit digitization and digital radio-telemetry channel and the 4 analog
sonobuoys have a VHF FM analog telemetry channel.

Page 3



and methodology for the 2005 field program. The third volume is dedicated to analysis of

the data, conclusions and recommendations for future work®.

1.1 Terminology and algorithms used in the report

Ambient and anthropogenic acoustic data recorded by the AUARs was written to the AUAR
disc in a raw format and converted to microPascals (uPa)® after downloading to the
computer on the Academik Lavrent’ev or Academik Oparin (or during analysis). Acoustic
spectra in decibels will be used to describe the variation in acoustic power as a function of
frequency. In this report sound pressure power density spectra G(f) (uPa*/Hz)" will be used
when spectral data are plotted. The sonograms G(f,t) are plots of power spectral density vs.
frequency and time and also include the variation in sound pressure level (uPa?) with time
over the annotated bandwidth D(4f.t)’. The power spectral density scales generally run
from ~37 to ~120 dB re 1 yPa?/Hz.

The Spectral level of an acoustic signal relates to the level of acoustic power in a 1 Hz
band. This term is only applied to sounds with continuous frequency spectra®. These
spectra are often averaged over a number of one-second windows' to improve the
statistical stability of the ambient noise data’’; the number of one-second windows used in

the averaging is given at the top of each plot (if the data is averaged over multiple windows).

A detailed description of the methodology used for normalizing and calculating both the

amplitude and spectral data is given in Appendix D.

1.2 Units

During the course of this report a number of different unit notations have been used. This is

due to differences in standard notation between different disciplines and nationalities.

® This analysis includes both the joint ENL/SEIC long-term western gray whale research program and the joint

construction acoustic monitoring program.

® The data was scaled (after incorporating hydrophone sensitivity, system instrument response and system

gain), to convert the data to standard units of pressure (measured through an omni-directional hydrophone).
Energy and power spectra are scaled to 1 Hz whatever the analysis length.

® Sound pressure level is the integral of the acoustic energy over the specified frequency band.

° A continuous frequency spectrum is a spectrum with signal present at all sampled frequencies.

10 Average of X 1-second spectral estimates.

" Spectral averaging is used to obtain a lower variance spectral estimate.
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The following are equivalent units using the different standard nomenclatures:
1 mkPa =1 uyPaand 1 mkV =1 uV.

For spectral density plots: Although the units for power spectral density are pPa?/(s Hz),
UPa®s/Hz or pPa? the units for power spectral density are sometimes defined as
uPa?/Hz or pPa/vHz.
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2 Autonomous Underwater Acoustic Recorder (AUAR)

This section describes the Autonomous Underwater Acoustic Recorders (AUAR) developed
by POI and used to record acoustic data during the 2005 field program, its instrument

testing, calibration and operational deployment.

2.1 Description of the AUAR

In 2005, POI used the five AUARs designed and constructed in 2003, eight AUARSs built in
2004"?, one newly fabricated AUAR, and two new mini-AUARs. In 2005, four existing
AUARs were equipped with surface radio transmission capability and are called Transmit-
AUARs (T-AUARs). These individually deployed AUARs were used to record acoustic
measurements in the frequency band from 1 Hz to 15 kHz. Figure 2.1 shows the major
components of an AUAR and how the AUAR and hydrophone are anchored when deployed.

Figures 2.2 to 2.7 illustrate various aspects of AUAR operation and design.

The external shell of the 2003 AUAR is a cylinder 0.8 m long and 0.38 m in diameter
constructed from welded titanium alloy; its weight in air is approximately 105 kg. To
facilitate the deployment and retrieval of the AUARs from the work boat of the Academik
Oparin, the diameter was decreased to 0.32 m and the length increased to 1.2 m in the
2004 design. This increased the strength of the 2004 design, the weight in air remaining at
105 kg. The 2003 design was used for the AUAR constructed in 2005 because the
operational time is longer with this design and alternative methods of recovery have been
developed for this AUAR design. The titanium alloy case of both types of AUAR can be
opened at one end and has been strengthened for deployment in depths of up to 100 m.
The open end is used to gain access to the unit and is sealed with an o-ring. The lid
contains two waterproof connectors that allow external sensors (hydrophones,
accelerometers or hydrologic measuring equipment) to be input to the AUAR electronics.
This connector can also be used to connect a radio-channel cable to the AUAR electronics.
Inside the AUAR there are batteries secured in a titanium frame and a tray containing the

AUAR electronics and power handling circuitry (amplifiers, anti-alias filters, voltage

2 The eight new AUARs were designed to improve the operational handling of the units following the
experiences of the 2003 field program.
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converter, computer, flask disk and hard drive). The number of batteries depends on the

AUAR design.
The 2003/2005 AUARs have two sealed batteries that provide continuous operation of the
AUAR for over 18 days, and the 2004 AUARs have three sealed batteries providing

continuous operation of the AUAR for 16 days'°.

=

FM-transmitter

Cable (150 m)
Anchor T-AUAR Hydrophone

e &
(a.) Cable (15 m)

Buoy

Rope (150 m)

Anchor AUAR
s B A
Cable (15 m)

Buoy Float
e

Rope (120 m)

Anchor 5 Hydrophone
S Mini-AUAR [
Cable (15 m)

(c.)

Figure 2.1 — Deployment schematics for (a) T- AUAR; (b) AUAR; and (c) Mini-AUAR.

' The two sealed batteries (2003/2005) have a capacity of 115 Ampere-hours each. The three sealed
batteries (2004) have a capacity of 65 Ampere-hours each.
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Mini - AUAR

Figure 2.2 — Top: AUARs being prepared for cross-calibration prior to the 2005 field
season; Bottom: different generations of AUARs on the Academik Lavrent’ev.
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Figure 2.3 - Top: Components of an AUAR; Bottom: Deploying an AUAR from the
Academik Oparin.
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Figure 2.4 - Retrieval of an AUAR by a boat, zodiac and the Academik Oparin.
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S AUAR 2004

GI-50

(b)

Figure 2.5 - (a) AUARSs designed in 2003 and 2004, (b) spherical (left) and cylindrical (right)
hydrophones with pre-amplifiers.

Page 11



Figure 2.6 - Top: AUAR electronics tray showing power supply, disk and electronics.
Bottom: Inside the titanium AUAR container showing frame holding the batteries.
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Figure 2.7 - Preparing the batteries in the battery frame prior to loading into AUAR.

In 2005, four AUARs were outfitted with surface floats containing VHF FM radio
transmitters'® (Figure 2.8). This radio-link'® allowed real-time radio transmission of acoustic
data in the frequency band from 10-5000 Hz for distances up to 20 km. The acoustic data is
also concurrently written to the AUARs internal hard drive. The radio-transmitter is

controlled by the AUAR computer and is turned on and off on a pre-programmed schedule.

The mini-AUARs utilize the titanium housing and the disposable power sources used for the

sonobuoys. The systems are described in more detail in section 2.1.1°.

Figure 2.1 shows the layout of the AUARs in the ocean. A surface float connected with a
40-70 m"" rope to a 24 kg anchor marks the location of the AUAR on deployment. This
anchor is linked to the AUAR by a 100-150 m long rope weighted down with lead weights.
The GPS coordinates of both the anchor and the AUAR are logged during deployment and

if necessary the vessel can grapple for the rope between them. The AUAR can therefore

¥ The AUARSs 2003 design specifically allowed this real-time monitoring capability to be added when required.
'* The radio transmission channel is based on the analog sonobuoy electronics described in chapter 3.

'® The mini-AUARs were designed for short term (up to 3 days) monitoring of anthropogenic sound sources
(e.g. monitoring the near field of a transducer during TL experiments). The units had lower sensitivity to allow
them to perform this specialized task.

"7 Length is dependent on water depth.
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still be recovered in the event that the surface buoy is lost. One AUAR was recovered in

this manner during the 2003 field season.

Figure 2.8 — T-AUAR being prepared for deployment (note the radio
transmission unit connected to the AUAR container).
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Practical experience has shown that at shallow deployment depths (10-30 m), movement of
the surface buoy due to wave action can be mechanically conducted down the rope to the
hydrophone. This mechanical movement can be recorded as acoustic noise, distorting the
ambient acoustic measurements. Interaction of the surface float with waves can also
generate noise that acoustically propagates to the hydrophone. The AUAR is deployed so
as to reduce this noise by isolating the hydrophone from the surface buoy with an anchor,
thus reducing the mechanical coupling between the surface buoy and the hydrophone. The
hydrophone is also deployed 15 m from the AUAR to prevent scattering or masking by the
AUAR container from distorting the acoustic field at high frequencies. The hydrophone is
deployed inside a pyramid shaped steel frame and attached by rubber bands to the frame,

to decouple it to the best extent possible from the sea floor (Figure 2.9).

Figure 2.9 - Hydrophone deployment frame with spherical hydrophone.

Cylindrical hydrophones (model # GI-50 (I'M-50)) and spherical hydrophones of type G33
(M33), both with integrated pre-amplifiers designed specifically for the hydrophones, were

used for the AUARSs; Figure 2.5(c) shows the hydrophones. Cylindrical hydrophones were
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used for the first time in 2004. The pre-amplifier amplifies the signal prior to transmission
along the 15 m connector to the AUAR'®. The hydrophones were calibrated over the
frequency band 1 Hz to 15 kHz'®. AUARSs were deployed at a low speed (3-4 knots) using
an A-frame at the stern of the Academik Lavrent’ev and a crane at the stern of the

Academik Oparin and were retrieved using a zodiac or fiberglass boat as discussed earlier.

Figures 2.10 and 2.11 give block diagrams for the AUAR and T-AUAR electronics. The
output from the hydrophone and pre-amplifier is transmitted along the 15 m cable to the
AUAR input connector. The AUAR houses the amplifier, filters and the Analog to Digital
Converter (ADC).

In order to optimize the dynamic range of the 16 bit ADC® the signal amplitudes should be
approximately equal across the entire frequency range. However, ambient noise generally
has an amplitude maximum at low frequencies and drops off with higher frequencies. The
ADC does not therefore have the instantaneous dynamic range required to record
frequencies from 1 Hz to 15 kHz. The analog channel of AUARs that use G-33
hydrophones (with high sensitivity at low frequencies) have a low-frequency gain correction
at frequencies below 100 Hz using a second-order RC circuit. For AUARs that use the GI-
50 hydrophones, which were updated in 2005, low-frequency amplitude correction is
effected in the hydrophone preamplifier. These amplitude corrections ensure a consistent
signal level across the entire frequency band for the analog channel of the AUARs with

these hydrophones. The reduction in gain is less than 3 dB at 1 Hz.*'

"® The purpose of the pre-amplifier is to amplify the signal as close as possible to the hydrophone. In this way
the signal level relative to any noise picked up in the cable and AUAR will be maximized. The location of the
pre-amplifier inside the hydrophone provides the maximum shielding against electromagnetic induction
Selectronic modules inside the AUAR container are more susceptible to induction).

® The calibration certificates are given in Appendix A.

2 The ADC is on the Prometheus motherboard and has a maximum sample rate of 100 kHz.

" In previous years (2003 & 2004) the AUAR design had two analog channels, a Low Frequency (LF) channel
with only a second order correction for frequencies below 50 Hz and a High Frequency (HF) channel that is
processed to maximize the dynamic range. The HF channel has the low frequency component (<3 kHz)
removed by a low cut filter, allowing the gain coefficient for frequencies above 1 kHz to be increased without
overloading the ADC. Analysis of the data from these years indicated that the two channels were not required
if the input data were gain balanced to equalize the input amplitudes across the frequency band.
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Figure 2.10 - Block diagram of the analog channel of the AUAR recording system.
(a) AUARSs with the GI-50 hydrophone, (b) AUARs with the GI-33 hydrophone, and
(c) AUARSs with the GI-50 hydrophone and radio-transmission data channel.
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Figure 2.11 - Block diagram of the AUAR recording system.

Page 18



The signal from the AUAR input connector is input to the scale amplifier of the analog
channel, which has user selectable gain coefficients of 2, 10 or 40 (Figure 2.10). It is then
passed into an 8" order elliptic low pass frequency filter with an anti-alias high cut frequency
of 15 kHz and slope of 80 dB/Octave. For T-AUARSs the input signal from the hydrophone
preamplifier is also input to a first order RC filter at the input to the radio channel scale

amplifier, which has user selectable gain coefficients of 0.5, 2 or 10.

Figure 2.12 - AUAR electronics (Prometheus board, flash memory and hard drive).

The AUARs digital recorder is based on the Prometheus single board computer (Figures
2.10 to 2.13)*2. The 16 bit ADC is connected to the input controller by eight differential

*The computer, manufactured by Diamond Systems Corporation, consists of a 486-DX2-100 CPU, USB-port,
32 MB RAM, IDE-controller connected to the internal PCI bus, analog and digital input/output unit and 2 MB
flash memory containing BIOS, OS and POI recording program.
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inputs and a 48-sample FIFO (First In First Out) buffer. The primary AUAR data storage is a
compact laptop 80 GB hard drive®.

2 Although significantly smaller in capacity than the largest desktop hard drive, the laptop hard drive has
better power management and uses dramatically less power.
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To optimize power management and prevent electromagnetic and acoustic noise generated
by the rotating hard drive from contaminating the data a 1 GB flash memory drive is used as
a buffer. While data is being recorded on the flash drive the hard drive is in standby mode
with its motor off. A voltage converter takes the initial unstable battery voltage (18-72 V) to
a stabilized 5 V required to power the computer24. The electronic components of the analog
devices are powered with an independent linear stabilizer and housed in a shielded
container. All units comply with the PC104 specification, having dimensions of 9.1 x 9.7 cm
and can work in temperatures from -40 to +85 ‘C. If the voltage drops to 27.5 V, the power
controller switches off the computer and the analog units to protect the batteries against

over discharging, as this can cause a failure of the batteries.

Figure 2.13 - AUAR electronics (Prometheus board, flash memory and hard drive).

The recording and data storage control program was developed at POl and fully tested
between November 2004 and July 2005. The AUAR can be pre-programmed to fulfill a
preset recording schedule. This can include a delayed start or an intermittent recording

schedule®. Before the AUAR is deployed the user can select a number of program

**\JE104 - input voltage: 8-40 V (2003/2005 AUARSs); HE104 - input voltage: 8-40 V (2004 AUARS).

A programmable timer and program executive controls the delayed start or power switching of the AUAR
electronics when deployed, the unit is based on the AT90S1200 microcontroller. The delay timer is
programmed just before deployment; it can delay recording from 10 minutes to 30 hours.
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parameters including the duration of the recording cycles, the number of cycles, the ADC
sampling rate and additional functions. A data file is created on the buffer flash disk during

the execution of one operating cycle and is moved to the hard disk at the end of the cycle.

The following parameter settings were used as the primary AUAR operating mode:

* Continuous (24 hour) operation;
» ADC sampling rate of 30 kHz; and

» The data recording time in an operating cycle is approximately 4 hours 18 minutes (the
time for writing stored data to the hard disk is about 22 minutes).

These parameters support at least 16 days of operations, based on the specifications of the
hardware selected. Parameters can also be set for a second operating mode, where the
AUARs power down for a set time. In this way upon completion of each cycle of data
storage to the hard disk, a ‘power off’ control signal is transmitted to the AUAR power
management unit. The AUAR down time is selected by setting a timer that controls the
power unit. After the power is switched on, the system reboots and the operating cycle is

repeated.

The program that controls the radio transmission cycle was developed at POl and again
was fully tested between November 2004 and July 2005. The program transmits ‘on/off’
control signals to the power management unit of the transmitter according to a predefined
operating schedule. For the 2005 monitoring operations a cycle of 1 hour on, 2 hours off

was used?®.

The two programs run under the QNX operating system?’, which controls AUAR data
storage. The data logger stores raw data on the AUAR hard disk in separate files; the
filename includes the file creation date and time, accurate to the minute. In addition, a
program activity log is kept, in which the start time for writing data to the file, accurate to the
second, is recorded. The AUAR recording system operates in a cyclic mode. Each cycle is
a sequence of data blocks streaming from the analog channel ADC (30 kHz sample rate)
into the flash memory for storage. When the flash memory drive is full, the recording cycle

is halted, and the data is transferred from the flash memory drive to the hard drive. The

% The AUAR computer clock controls the cycle.
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number of records in the file is dependent on the size of the flash memory drive, since the
recording cycle is interrupted when the flash disk is full and cannot be restarted until the
flash memory drive is clear - the data contains controlled gaps. The size of these gaps
depends on the capacity of the flash memory?®. When AUARs with a radio channel are
used, there are no interruptions in data transmission via the radio channel when the AUAR

is writing data from the flash memory to the disk.

Acoustic data is copied from the AUAR hard drive to POl removable hard drives on the
Academik Lavrent’ev and Academik Oparin which are used as the main data storage units.
The acoustic data on the AUAR hard drive was copied to a removable hard drive as
transient storage. Periodically data from this transient storage was backed up to DVDs,
which are the primary archival media for field acoustic data. The raw data is therefore
stored in the form of copies of the original files on DVDs and hard disks. A description of
the autonomous station deployment, the logger activity log, and text files giving the
amplitude vs. frequency response of the AUAR electronics, hydrophone and radio
transmission channel that will be required for any future data processing and analysis, are

stored along with the data.

2.1.1 Mini-AUARs for operational measurements

The mini-AUAR shown in Figure 2.14 was designed for short-term (up to 3 days)
autonomous acoustic measurements at depths of up to 100 m. The reduced size and
weight of the unit makes it possible to deploy and retrieve the mini-AUAR from a Zodiac.
This flexibility allows acoustic measurements to be performed in shallow water and near
facilities that cannot safely be approached by the Akademik Oparin. The unit can also be
quickly deployed and retrieved during TL measurements if near-field measurements are

required?®.

The assembled mini-AUAR container, including the power supply, has a length of 105 cm, a
diameter of 16 cm, and its weight in air is less than 18 kg. Modified titanium sonobuoy

housings are used as the containers (without the antenna connectors).

%" \ersion 4.25.

8 For a 1 GB flash drive the gap was 22 minutes.

* The gain on the AUARSs used for ambient noise measurements is often too high for acoustic measurements
at close range to the transducer. A lower gain mini-AUAR can be deployed for this task and quickly retrieved.
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A single marine connector is used to connect the external sensors to the mini-AUAR
electronics, and to secure the 15-meter cable connecting the housing and the pyramidal
hydrophone frame. The mini-AUAR power supply is based on the power supply for the

sonobuoy radios, uses alkaline D-cells, and is capable of 75 hours of continuous operation.

Figure 2.14 — Major components of the mini-AUAR.

Figure 2.14 displays the major components of the mini-AUAR: (1) Spherical hydrophone
deployment frame and connecting cable; (2) AUAR container and keel to attach the power
supply; (3) Sealed container cover with marine connector for cable; (4) Internal frame with

digital recorder and analog unit; and (5) Sealed battery power supply.

2.2 AUAR instrument test analysis

In order to ensure that all of the AUARs adhered to the design specifications, and that the
AUARSs recorded accurate absolute acoustic measurements, a series of instrument tests
was created (this test procedure is described in Appendix B). These tests had two goals: to
ensure that the AUAR was operating within specifications and to generate an instrument
response filter for the analog component of each AUAR. This estimate of the AUAR analog
instrument response, measured in the laboratory prior to the field season K(f) and the
hydrophone sensitivity M(f) was used to generate an inverse filter; this filter was
subsequently applied to the analog voltage measurements to back out the system
instrument response and generate absolute acoustic measurements. These frequency

dependent responses correct the acoustic data over the range from 1 Hz - 15 kHz.
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2.2.1 System internal noise test

Two dummy hydrophones were constructed in 2005, one each for the GI-50 (Figure 2.15(b))
and GI-33 hydrophones. The preamplifier electronics in a shielded housing of the dummy
hydrophones are identical to those of the corresponding hydrophones except that
piezoceramic capacitors with the same capacitance as the hydrophone piezoceramics are
connected to their inputs. To perform the internal noise measurements, a dummy
hydrophone (Figure 2.15(a)) was connected to the input of the AUAR analog channel via a
15 m cable. The output of the analog channel is connected to the input of the ADC for an
AUAR digital recorder with a 30 kHz sample rate. The internal electrical noise of the entire

analog channel including the dummy hydrophone is thus recorded.

Data was recorded to flash memory for one writing cycle (60 minutes) and from there to the
hard drive. Figure 2.15(c) displays a spectral analysis of the results®, showing the internal
noise of the AUAR analog channels with GI-50 and G-33 hydrophones in the frequency
bands from 0-15 kHz (top) and 0-500 Hz (bottom). Figure 2.15(c) shows that the internal
noise level of the AUAR in the frequency range 1.5-15 kHz is approximately 27 dB re 1
uPa*Hz*'. The internal noise level of AUARs with a G-33 dummy hydrophone is 3 to 5 dB
higher than that with the dummy GI-50 hydrophone in the frequency band from 10-80 Hz.

2.2.2 System dynamic range determination

Figure 2.16(a) gives a block diagram showing the experimental schematic for determining
the dynamic range of the AUAR recording channel. A sine wave generator model # G3-118
(M3-118) was used to generate signals at 10 Hz, 20 Hz, 40 Hz, 60 Hz, 200 Hz, 500 Hz,
1 kHz, 2 kHz and 4 kHz into the hydrophone; a dummy hydrophone was connected parallel
to the hydrophone sensor. The input data should be a smooth sine wave, not clipped or
distorted at the peaks. The sine wave amplitude was therefore attenuated to ensure that
any non-linear distortion at output was more than 60 dB below the input level. Figure
2.16(b) displays spectra of the tonal signals recorded by the AUARs during these

measurements after correction for the instrument response of the analog channel.

% Corrected by the amplitude-frequency response of the analog channel.
¥ The up to 20 dB increase in noise at low frequencies could be a result of electromagnetic pick-up during the
testing.
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Figure 2.15 - (a) Block diagram showing the experimental schematic for the internal noise
estimation test for the AUAR recording system; (b) GI-50 dummy hydrophone; (c) Spectra

of the results for the frequency range 0-15 kHz and 0-500 Hz.
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This figure shows that, due to low-frequency amplitude correction of the system, the
maximum input acoustic pressure level at which the non-linear distortion is 60 dB below the
input level is a function of frequency, reaching 140 dB re 1 uPa?Hz at 10 Hz and 123 dB re
1 uPa?/Hz at frequencies above 100 Hz. The purple curve (1) on Figure 2.16(b) shows that
the internal instrument noise level of the AUAR recording channel with a dummy GI-50 is
approximately 27 dB re 1 pPa®/Hz in the frequency band from 100 Hz to 15 kHz, increasing
to 35 dB re 1 uPa’/Hz at a frequency of 10 Hz. Since the instrument noise is below the
distortion for most of the recorded frequency range, distortion limits the dynamic range of
the AUAR.

2.2.3 Analog channel system filter response

Figure 2.17 shows a block diagram giving the experimental schematic for determining the
filter response of the AUAR analog channels, verifying the amplitude response of the
system, and identifying aliasing. A white noise generator was attached to the input of the
AUAR amplifier through an attenuator. A National Instruments 16 bit ADC card and 8-
channel 8" order elliptic filter®? were used to record the data. Figure 2.18(a) shows the filter
response (to a white noise input) of an AUAR analog channel with both a GI-50 hydrophone
(C) and a G-33 hydrophone (CC) in the frequency band from 0 to 20 kHz. Figure 2.18(b)

shows the same response over a more limited frequency band of 0 to 500 Hz.

The analog channel system response of all 16 AUARs to a broadband white noise input
signal was determined. Figure 2.19 shows the total system response (including
hydrophones) of all 16 AUARs plotted in the frequency band from 0 to 15 kHz. The
experimental schematic shown in Figure 2.17(b) was used to measure the response
characteristics of the AUAR recording system with a radio channel (T-AUARs). The radio-
telemetry signal from the AUAR surface float radio transmitter was received by an ICOM IC-
R10 radio receiver. The output signal from the radio receiver was input to a recording
system consisting of a National Instruments 16 bit ADC card and 8-channel 8" order elliptic
filter connected to a notebook computer. Figure 2.20 shows the system response
characteristics of the T-AUAR recording system, including the radio channel, to a broadband

white noise input.

32 National Instruments model # DAQCard-AL-16XE-50 and National Instruments model # SCXI-1142.
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The broadband white noise test is the standard filter response test used for the AUARSs;
tonal signal tests are conducted once per AUAR to determine a system filter response.
Figure 2.21 shows the shows the system response characteristics of the AUAR recording
system to harmonic signals in the frequency band from 1.25 Hz to 20 kHz. The experimental
schematic shown in Figure 2.17(a) was used for the analysis; the white noise generator
being replaced by a sine wave signal generator. Figure 2.22 shows the peak-normalized
response characteristics of the AUAR recording system with GI-50 (C) and G-33 (CC)
hydrophones.
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Figure 2.17 - Block diagram showing the experimental schematic for determining the
analog channel amplitude frequency characteristics for the: (a) AUAR; (b) T-AUAR.
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Figure 2.18 - Amplitude-frequency characteristics of an AUAR analog channel with
both a GI-50 hydrophone (C) and a G-33 hydrophone (CC) measured with broadband
white noise; (a) from 0 to 20 kHz; (b) from 0 to 500 Hz.
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Figure 2.19 - Total system response (including hydrophones) of all 16 AUARs to a
broadband white noise input signal. The five 2003 AUARs and one mini-AUAR have

spherical hydrophones.
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Figure 2.20 - Plot showing the system response characteristics of the T-AUAR
recording system (including the radio channel) to a broadband white noise input.
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Figure 2.21 - System response characteristics of the AUAR recording system to
harmonic signals in the frequency band from 1.25 Hz to 20 kHz: (a) linear frequency
axis; (b) logarithmic frequency axis.

The combined results from the tonal signal test and broadband white noise test are used to
estimate an analog instrument filter response for each AUAR. This filter response is used to
correct the data as it is processed and to compensate for the decrease in amplitude

response at frequencies lower than 100 Hz
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Figure 2.22 — Normalized system response characteristics of the AUAR recording
system with GI-50 (C) and G-33 (CC) hydrophones derived from measurements using
harmonic signals in the frequency band from 1.25 Hz to 20 kHz.

2.2.4 Instrument noise and dynamic range of T-AUAR telemetry channel

Measurement of the internal noise and dynamic range of the T-AUAR was conducted using
the schematic shown in Figures 2.23(a) and 2.23(b); a dummy hydrophone was used for
this test (Figure 2.23(a)). For dynamic range determination, a sine wave generator model #
G3-118 (I'3-118) was used to generate signals that were input to the radio-telemetry
channel of the T-AUAR (Figure 2.23(b)). As before the amplitude of the input signal was
controlled by a step-attenuator. The radio (VHF FM) signals were received at a distance
and were recorded using the same equipment used in 2005 to record the data at Piltun
lighthouse. The output signal from the radio receiver was input to a recording system
consisting of a National Instruments 16-bit ADC card and 8-channel 8" order elliptic filter
connected to a notebook computer. The notebook computer controlled the recording

parameters.
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Figure 2.23(c) shows the performance of the T-AUAR radio channel. The red curve is the
instrument noise recorded with a radio channel gain of 1 and a hydrophone sensitivity of
50 mV/Pa. Figure 2.23(c) shows that when the input signal level is set so that the non-linear
distortion of the third harmonic is at least -20 dB, a tonal signal at 1 kHz is 70 dB higher than
the instrument noise. The relatively broad peak at 100 Hz is a result of cross-talk within the
receiver (ICR-10); this cross-talk is greater for AX-400 and AX-700 receivers. The increase
in the level of instrument noise above 4.5 kHz is caused by the frequency response of the
8" order elliptic filter*® used in the recording equipment. These instrument noise and

dynamic range values are valid for stable radio channels with low radio noise.

2.2.5 Results of instrument tests

The unit to unit performance of all the AUARs was confirmed by regular testing. All the
AUARs were subject to the tests listed in Appendix B; Table 2.1 gives the individual test
results for all sixteen AUARs. All AUARs performed within specifications.

Table 2.1 - Performance of AUARs on the instrument tests.

AUAR serial number

01 |02 | 03|04 |05(06 (07|08 |09 |10 |11 |12 (13 | 14 | 15 | 16

Internal noise (dB re 1 pPa?/Hz)
(1-50 Hz)
411 [ 43.0 | 429 | 421 | 41.7 | 41.8 | 43.0 | 43.0 [ 429 [ 419 | 423 | 41.3 | 42.0 | 424 | 42.7 | 42.2

(50 Hz - 15 kHz)
24112391240 1239243 (244 (245|247 1242|1240 244 |23.9(|24.1]|25.0]25.2]| 241

Dynamic range , dB
98.1 198.2 (98.0 1984 (98.7|198.6 |98.6 |98.3 |98.7 [98.5]|98.6(98.3]|98.1]|98.0|97.9]98.1

2.3 Calibration of AUARs and cross-calibration error analysis

In order to compare the acoustic measurements made on the NE Sakhalin shelf to previous
or future work, the data has to be calibrated to an absolute pressure standard. The

hydrophones were manufactured with nominal sensitivities and the gains were set in the

3 National Instruments SCXI-1142.
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field. In order to confirm the calibration of the equipment a field cross-calibration was

conducted.

The hydrophone calibrations were conducted over the frequency band 1 Hz to 15 kHz in
compliance with state standard MW 2098-90 at SMCHM** located at RSSRIPRTM®*
(Moscow). The sensitivities of the hydrophones were determined by comparative calibration
against a reference hydrophone in acoustical calibration chambers® and have a relative
error of less than 1.5 dB (95% probability)*’. Figure 2.24 shows the frequency dependence
of the hydrophone sensitivity over frequencies from 1 Hz-15 kHz. Calibration certificates for

the hydrophones are shown in Appendix A.

At the start of the 2005 field season a cross-calibration of the 16 AUARs was conducted on
the Academik Lavrent’ev. The AUARs were cross-calibrated by recording and comparing
across all the AUARs acoustic signals generated by the Academik Lavrent'ev and tonal

signals generated by the broadband sound transducer.

The field cross-calibration procedure is described in detail in Appendix C. The maximum
absolute error from the mean for any AUAR was 2.9 dB in the frequency band from 10 to
100 Hz and less than 0.5 dB between 100 and 2500 Hz*®. These values were within the
expected relative error limits for the equipment and the absolute calibration of the data was

therefore confirmed.

2.4 Acoustic data storage, processing and real-time analysis

The data recorded by the AUAR was stored in a raw format. When an AUAR was
recovered the data from its hard drive was downloaded to a removable hard drive in a
computer on the Academik Lavrent’ev or Academik Oparin and was archived to DVD. The
batteries of the AUAR were recharged and the disk then wiped clean prior to redeployment.

During the 2005 field season over 4.5 TB of data was accumulated.

¥ SMCHM - State’s Metrological Center of Hydro-acoustical Measurements.

% RSSRIPRTM - Russian State’s Scientific Research Institute of Physical Radio Technical Measurements.

% A Model UVT 71-a-90 calibration chamber to 600 Hz and an anechoic chamber above 600 Hz.

% This error includes the approximately 1 dB error associated with estimation of absolute pressure for the
calibration of the reference hydrophone.

% See Appendix C - Table C.1 for all the results. The highest errors were due to the low level of the calibration
signal at low frequencies.
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Figure 2.24 - Spectral characteristics of the cylindrical (GI-50) and spherical (G-33)
hydrophones used by the AUARs, T-AUARs and Mini-AUARs.
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Once the data was downloaded from the AUAR disk it was then converted to absolute
amplitude (uPa) and written to a second removable hard drive. The data was corrected for
the hydrophone sensitivity and gain at 1 kHz*. The program uses equation (D1) in
Appendix D to convert the data; the inputs are the response of the analog channel of the
AUAR (measured in the laboratory) K, and the hydrophone sensitivity from calibrations

made in Moscow (and confirmed by cross-calibration) Sp.

Software was specifically designed for the experimental data processing required for this
work in order to more effectively evaluate the acoustic data. Sonograms and spectra were
computed for the data. Additional programs were written for cross-calibration, calculating
spectra and applying correction factors (from cross-calibrations). The instrument responses
of the analog electronics of the AUARs were empirically determined and the response

removed from the final data.

% Correction for the instrument response of the AUAR is made prior to spectral analysis. The correction is
relative to the response at 1 kHz.
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3 Acoustic sonobuoys

This section describes the four analog and two digital acoustic sonobuoys developed by
POI in 2002 [Borisov et.al, 2003] and updated in 2005, their instrument testing, calibration
and operational deployment. The sonobuoys were used to make real-time acoustic data
measurements during the 2005 field program. The 2005 modifications improved the
reliability and range of the radio telemetry channels while reducing the operational
preparation time. The reliable reception range when received at Piltun lighthouse (elevation
35 m) was 23 km for an analog sonobuoy. The reliable reception range was 8 km for a

digital sonobuoy when received on the Academik Lavrent’ev.

Analog and digital sonobuoys both have advantages and disadvantages. For the analog
sonobuoys the advantages are greater bandwidth and longer range (>10 km for a
bandwidth of 10 Hz to 10 kHz and >20 km for a bandwidth of 10 Hz to 5 kHz). However the
dynamic range of an analog sonobuoy is much lower than that of a digital sonobuoy and is
highly dependent on the quality of the radio channel. The digital sonobuoy has a
significantly greater dynamic range than the analog sonobuoy, is not susceptible to radio
noise and has stable performance characteristics. The digital sonobuoy can also measure
frequencies as low as 1 Hz accurately. The disadvantages of a digital sonobuoy are

narrower bandwidth and shorter range (< 8 km for a bandwidth of 1 Hz to 2.6 kHz).

3.1 Analog and digital sonobuoys

Individually deployed acoustic sonobuoys were used to measure acoustic signals at the
edge of the Piltun feeding area and to transmit them to a shore station at Piltun lighthouse
or a marine station on the Academik Lavrent’ev (Lunskoye). Analog sonobuoys were used
to record frequencies from 10 Hz to 10 kHz and digital sonobuoys from 1 Hz to 2.6 kHz.
When used together an analog and digital sonobuoy pair can record acoustic data from
1 Hz to 10 kHz. Figure 3.1 shows the major components of these sonobuoys and how the

sonobuoy and hydrophone are anchored when deployed at sea.

Figure 3.2 shows the sonobuoys being prepared for cross-calibration. The flotation collar
holds a steel (analog) or titanium (digital) canister containing the sonobuoy electronics. The
sonobuoy is powered by an external battery pack that can be changed at sea. The

sonobuoy antenna is kept upright by a keel to which the batteries are attached. The surface
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unit is connected by a cable to a spherical hydrophone of type G33 (I'33) with an integrated
pre-amplifier designed specifically for the hydrophone. Figure 3.3 displays the frequency
amplitude characteristics of the hydrophones*’. The hydrophone is suspended in a pyramid
shaped metal frame and attached by rubber bands as with the AUAR hydrophone. The
hydrophone pre-amplifier amplifies the signal prior to transmission along the 150 m

connector to the sonobuoy container*'.

FM-transmitter

Anchor Cable (150 m) Hydrophone
M

Figure 3.1 - Diagram showing the deployment of analog or digital sonobuoys.

In 2005, a number of design improvements were made to the sonobuoys. The strong signal
from the hydrophone pre-amplifier allowed the bottom unit of the digital sonobuoy to be
removed and a unified design was used for the surface units with the same connectors,
cables and battery packs. Connectors were installed on the main cables to allow the
hydrophone cable to be disconnected from the sonobuoy. A power connector was used to
allow the sonobuoy to be turned on and off easily when not in use and Shakespeare 5241-R
marine antennas (Figure 3.7) were installed. Switching voltage regulators were used to

equalize the transmission power over the operational period of the sonobuoy.

“0 Calibration certificates for the spherical hydrophones are in Appendix A.
“1 As for the AUAR, the purpose of the amplifier is to amplify the signal as close as possible to the
hydrophone. In this way the signal level relative to any noise picked up in the cable will be maximized
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Figure 3.2 — Top: Analog and digital sonobuoys being prepared for cross-calibration;
Bottom: Sonobuoy after deployment.
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Figure 3.3 - Frequency-amplitude characteristics of the spherical hydrophones

3.1.1 Analog acoustic sonobuoy

Autonomous analog sonobuoys were used to make acoustic measurements in the
frequency band from 10 Hz to 10 kHz. Figure 3.4 is a block diagram showing the analog

sonobuoy components and the components of the recording system at Piltun lighthouse.

The low frequency response of the pre-amplifier reduces the low frequency components of
the signal. This equalization of amplitudes across the frequency band optimizes the use of
the dynamic range (approximately 43 dB) of the radio receivers and transmitters. The
amplified acoustic signal is low pass filtered (cut-off frequency 10 kHz), converted into an
Ultra High Frequency (VHF) band Frequency Modulated (FM) radio signal, and transmitted
to the receiving station by an VHF FM transmitter. The modulators were calibrated to avoid

cutoff of the carrier signal at the receiver due to a strong signal in the isolation amplifier.
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This improved the reliability of the radio-telemetry channel and reduced power consumption,
while preserving transmission power.

Radio receivers at Piltun lighthouse or on a vessel received the radio-telemetry signals
transmitted by the analog sonobuoys. The analog output from these receivers was input to
one channel of a National Instruments multi-channel amplifying, filtering and digitizing unit

prior to storage and display on a computer. This is described in detail in section 3.2.

AV

Low pass Modulator T FM it
p . ransmitter
reamp filter — -
E Ku() ~ Uif
Hydrophone her
W/\ Software control Notebook Ext
oepoo ®l
h pc [*™ oo
Low pass
R F_M filter ADC
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— —>
e ﬂCDE;:Ftr.iter
fru i

Figure 3.4 - Block diagram of the analog sonobuoy recording system.

3.1.2 Digital acoustic sonobuoy

Autonomous digital sonobuoys were used to make acoustic measurements in the frequency
band from 1 Hz to 2.6 kHz. The output from the hydrophone and pre-amplifier is transmitted
along a 100 m cable to the surface sonobuoy module*?. The signal is then low pass filtered
to 2.6 kHz prior to input to the 16 bit ADC*?, which has a 5.2 kHz sample rate. A controller
with a quartz clock synchronizes the digitization process and determines the sample rate of

the ADC. The digitized signal is then encoded and modulated prior to transmission by the

*2 The sonobuoy module houses the amplifier and filter (often referred to as the corrector) as well as the
Analog to Digital Converter (ADC) and signal encoder/modulator.
3 The Analog to Digital Converter is a 16 bit Analog Devices AD977.
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VHF-FM radio transmitter**, which transmits the signal to the receiving station (see Figure

3.5)*. Figures 3.6 and 3.7 show a digital sonobuoy.

S

Control logic

v v

. HEZR coder FM
Bmpli- Low pass 1l6-bit and :
2 filter Transmitter
i% Preamp | fier ~ | ADC _ppimodulator |
—~_
Hydrophone e
%f PLL Control logic
+ * ¥ Computer
network
RSP Paralel > Ethernut
— —
FM tor and interface board
Ragiewer Id dclf:ilr:lur *
Bnalog
12-bit DAC p output
Input module

Figure 3.5 - Block diagram of the digital sonobuoy recording system.

Radio receivers at Piltun lighthouse or on a vessel received the radio-telemetry signals
transmitted by the digital sonobuoys. The output from these receivers was input directly to
an input module that can output digital data directly into a computer and analog data to the

National Instruments recording system. This is described in detail in section 3.2.

* Standard HX 180V radio transmitter - output transmit power adjustable up to 5 W.

* In the 2002 design the filtering and analog to digital conversion was performed in a separate bottom module
prior to transmission to the radio channel in the surface buoy. In 2005 the filtering and analog to digital
conversion electronics were placed in the sonobuoy rather than in a separate module, allowing mechanical
standardization of the analog and digital sonobuoys. This modification did not degrade the signal performance
due to the superior characteristics of the hydrophone preamplifier.
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Figure 3.6 - Digital sonobuoy showing the battery pack and Shakespeare antenna.
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Figure 3.7 - Digital sonobuoy container and electronics.

3.2 Radio-telemetry data reception, processing and storage

Radio-telemetry data was received at radio stations on the Academik Lavrent’ev (Lunskoye
program) (both analog and digital sonobuoys) and at Piltun lighthouse (analog sonobuoys).
The following section describes the system used to store data received from the four analog

and two digital sonobuoys and the four T-AUARS.

The output from each active digital sonobuoy radio receiver was input to an input module
that has two outputs. The first connects through a digital decoder to an Ethernet card*® and

from there through an Ethernet HUB to a notebook computer. The Ethernet HUB allowed

“® The (Ethernut) Ethernet card has an ATmega 103(128) RISC micro-controller and a Realtek 8019AS
Ethernet controller. The card has 22 simultaneous digital inputs, an 8 channel 10 bit ADC and 32 kb SRAM.
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two Ethernet cards to be input to the notebook computer simultaneously. The decoder
outputs 16 data bits and one synchronization bit to the Ethernet card. The data are then
stored in a 16 kbyte SRAM buffer. When this buffer is full the data are transferred as 512
byte segments to the notebook via the Ethernet network. The Ethernet cards have a 128
micro-controller with a 14 MHz bit rate and can transfer and store the data in real time
without loss. The second output is sent to an analog interface after reception, where it is
converted to an analog signal and input to the analog sonobuoy recording system. This
duplication increased the reliability of the recording system and provided a synchronization

of all channels (analog and digital sonobuoys).

A special recording unit was built for the storage and pre-processing of the analog acoustic
data. This unit was based on National Instruments equipment, and was housed in a power
chassis*’. The output from each active radio receiver was connected to an eight channel
terminal block*® with BNC connectors and from there input to a low pass filter module®
containing eight preamplifiers and elliptic filters with a user-selectable filter response. These
filters were used to limit the frequency range of the input signal to within the Nyquist
frequency for the sample rate of the Analog to Digital Converter (ADC). The data from all
active receivers for the analog sonobuoys or the input module for digital sonobuoys was
then simultaneously converted to digital data by a multi-channel gain ranging 16 bit ADC
data acquisition card®® housed in a notebook computer. This unit provides the filtering,
digitization, storage and visualization, for up to eight separate channels. The main technical
specifications for the National Instruments equipment are in Table 3.1. This data was then
stored on the hard drive of the computer using software written by POI for this task. At the
end of a recording period the data was copied to portable disks that were used as transient
data storage. Periodically data from the portable disks were backed up to a central
computer; data from this transient storage was also backed up to DVD's. During the 2005
field season over 1 TB of data was accumulated. The radio receivers, National Instruments
chassis and computers were powered by vessel power (Academik Lavrent’ev) or four
batteries (Piltun lighthouse).

" National Instruments SCXI-1000DC

“8 National Instruments SCXI-1305

9 National Instruments SCXI--1142

% National instruments DAQCard-AL-16XE-50
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Table 3.1 - Technical specifications National Instruments

filtering and digitizing boards.

8 channel low pass Bessel filter module SCXI-1142

Channel gains(software-selectable): | 1, 2, 5, 10, 20, 50, 100

Input impedance (power on): 10 Gohm in parallel with 40 pf
DC gain error (after calibration): +0.02 %
Filter slope: 135 dB/octave
Stop band attenuation: 80dB at6 Fc
16-bit ADC DAQCard-AL-16-XE-50
Number of the channels: 16 (8 differential, software selectable)
Type of ADC: Successive approximation
Resolution: 16 bit (1 in 65536)
Maximum sample rate: 200 ksamples/s (single-channel),

20 ksamples/s Guaranteed

Board gain: 1, 2, 10, 100 (software selectable)

National Instruments software®’ was also bought with their hardware (Figure 3.8). This
included a program for monitoring and controlling the equipment®® and utility software for
data acquisition which were used to configure the equipment described above. This
program will configure the filter and gain parameters and the mode of work (parallel or

multiplex); the equipment can be tested using this software.

Software written in Object Pascal 2 and Delphi 5 calculates the parameters for converting
the input data to absolute amplitude (uPa) prior to data storage. The inputs to the program
are the hydrophone sensitivity and gain for each channel. All the input data (including
system parameters such as the station name, water depth, and coordinates of the sonobuoy
location) are stored in tabular form in an initialization file. This file is read when the program
loads. The program inputs data from the ADC into RAM, sorts the data into channels,
converts the data to microPascals and writes the files to the hard drive (each channel

having its own file).

*" National Instruments - Component works starter kit software
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Figure 3.8 - Monitoring data recording at Piltun lighthouse.

3.2.1 Piltun lighthouse radio station

Figure 3.8 is a photograph showing the radio reception and recording station at Piltun
lighthouse. Figure 3.9 is a block diagram showing the functional layout of the system
designed for the pre-processing and recording of data received from the analog and digital
sonobuoys as well as the T-AUARs, and housed in Piltun lighthouse (elevation 35 m). Six
Yagi resonant directional antennas, aimed so as to receive radio-telemetry signals from
specified sonobuoys, and two relatively broadband whip antennas were deployed on the
outside catwalk of the lighthouse. The antennae are connected to radio receivers by coaxial
cables. Power for the equipment used in the lighthouse was provided by batteries which
were recharged using a gasoline generator. Figure 3.10 shows photographs of the

separate functional components of the radio station described above. At the end of a

%2 National Instruments - Measurement and automation software
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recording period the data was copied via a LAN to a server in the laboratory, which
processed and analyzed the data and archived it to DVD disks.

A program designed by POl was used for data storage and real-time visualization.
Additionally this program computes the sound pressure level in specified bandwidths. This
data is recorded to the hard drive of the computer for later analysis. This program is

described in more detail in section 3.5.

Broadband whip antenna

Yagi resonant antenna

TRTR. T WYY

Radio scanners
Batteries I Crate
Computer
Data receiving
LA cable
Laboratory quarters
Computer - data
Light- processmg and
- archiving
house
I

Figure 3.9 — Block diagram showing a functional schematic for the data
reception station at Piltun lighthouse.

3.3 Acoustic data storage, processing and real-time analysis

The raw data was corrected for the hydrophone sensitivity at 1 kHz and for gain®®. The

program uses equation (D1) in Appendix D to convert the data; the inputs are the response

%3 Correction for the instrument response of the sonobuoy is made prior to spectral analysis.
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Figure 3.10 — Radio reception station at Piltun lighthouse: (a) and (b) Yagi
antennas on the lighthouse catwalk; (c) General view of the lighthouse and
laboratory quarters; (d) Radio receivers, Nl chassis and computer in the upper
indoor room of the lighthouse; (e) and (f) Laboratory.
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of the analog channel of the AUAR (measured in the laboratory) K, and the hydrophone
sensitivity from calibrations made in Moscow (and confirmed by cross-calibration) Sy
Software was specifically designed for the experimental data processing required for this
work in order to more effectively analyze the real-time acoustic data. Sonograms, spectra
and sound pressure levels were computed for the data. During the 2005 field season
acoustic data was received at Piltun lighthouse from the four T-AUARs and three analog
sonobuoys. A monitoring program controlled the recording of the acoustic data on the hard
drive of a computer and visualized the data in near-real-time. The monitoring program
computed spectra G(f), sonograms G(f,t), and the variation of sound pressure level with time
and frequency band D(4f,t) for the synchronously received acoustic data concurrently with
recording the data. The monitoring program thus estimated the variation in the received
sound pressure level in near-real-time, allowing the sound levels from construction activities
to be monitored and action taken to reduce the sound levels in the event acoustic threshold
limits were exceeded®. Figure 3.11 shows a screen shot displaying the sonogram G(f.t),
and the variation of sound pressure level with time and frequency band D(Aft) for
synchronous signals being received from four T-AUARs. Figure 3.12 displays spectra G(f)

for the same data.

The program DispControl is used for near-real-time analysis of the variation in sound
pressure level D(Af,t) over predetermined time windows, using 1-second SPL estimates.
The program filters out random noise, evaluates the 3-minute average sound pressure
levels, and computes the average sound pressure level for 1 hour for three frequency
intervals®. Figure 3.13 is a screen grab and gives three plots showing the results of near-
real-time processing of acoustic data recorded from 12:00 to 13:00 on 31 August 2005. The
average sound pressure level for each hour was estimated and the daily results were
collected in a Microsoft Excel® file that was sent daily by e-mail to the ENL and SEIC
operations teams. Figure 3.14 shows one of these plots. The different colors show the
hourly average sound pressure level estimates synchronously recorded at seven monitoring

locations on 30 August 2005, by four T-AUARs and three analog sonobuoys.

* This mitigation procedure is discussed in greater detail in [Rutenko, 2006] and [SEIC, 2005][1] .
°® The three frequency intervals (4f) were 10-500 Hz, 10-800 Hz, and 10-2500 Hz.
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Figure 3.11 - Screen shot showing sonograms G(f,t) and plots of sound pressure
level with time D(Af,t) of data received from the four monitoring T-AUARs.
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Figure 3.13 — Screen grab showing the analysis of data from 12:00 to 13:00 on 31 August.
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3.4 Analog and digital sonobuoy instrument tests

Four analog and two digital sonobuoys were used for the 2005 field season; they were
upgraded from sonobuoys designed and manufactured by POI between 2002 and 2005. In
order to ensure that all of the sonobuoys adhered to the design specifications, and that they
recorded accurate absolute acoustic measurements, a series of instrument tests were
created®®. These tests had two goals: to ensure that the sonobuoy was operating within
specifications and to generate an instrument response filter for the analog component of
each sonobuoy. This estimate of the sonobuoy analog instrument response K(f), measured
in the laboratory prior to the field season, and the hydrophone sensitivity M(f) was used to
generate an inverse filter; this filter was subsequently applied to the analog voltage
measurements to back out the system instrument response and generate absolute acoustic
measurements. These frequency dependent responses correct the acoustic data over the

range from 1 Hz - 2.6 kHz (digital sonobuoys) and 10 Hz - 10 kHz (analog sonobuoys).

3.4.1 Methodology for testing the analog and digital sonobuoys

The procedure for testing sonobuoys was changed in 2005 to improve the efficiency and
quality of the instrument tests. Testing was performed only in the narrow (FM) band of the

radio receivers, up to 5 kHz for analog sonobuoys and up to 2.6 kHz for digital sonobuoys.

3.4.2 System response of the analog sonobuoys

Before determining the full system response, all the radio transmitters used in 2005 were
calibrated while being received on an ICOM IC-R10 radio receiver. This receiver has very
consistent operational characteristics, with less than 0.5 dB gain variation K,(f) between the
units. All the analog radio circuits could be adjusted using a gain coefficient; this gain
coefficient at 1 kHz (K, (7 kHz)) was 0.7. During the testing the transmitters were also found
to have closely matched response characteristics, thus the transmitter in a sonobuoy could
be quickly replaced if required. During cross-calibration, each sonobuoy was calibrated with
its own receiver, an average gain factor was selected, and the system response was
determined using this gain. If two different radio receivers were used with the same
sonobuoy, the gain factor was selected for the ICOM IC-R10 radio receiver. The system

response characteristics with a different radio receiver, such as the STANDARD AX700,

*® The sonobuoy instrument tests are given in Appendix B.
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was established using the gain factor selected for the ICOM IC-R10 radio receiver to reduce

the potential for human error when using the system in the field.

Figure 3.15 shows a block diagram showing the experimental schematic used to measure
the system response of the analog sonobuoys (without hydrophones) using tonal and white

noise signals.

—p
National Computer
Instruments
Sin-wave B
enerator boy
g —o0 electronic X
t - \
Attenuatio system Transmitter Radio receiver
Box (scanner) Filter 10 kHz DAQ Card
White noise
generator

Figure 3.15 - Block diagram showing the experimental schematic for determining the
system response of the analog sonobuoys.

3.4.3 System response of the digital sonobuoys

The response of the radio receivers only affects the system response of analog sonobuoys
since the radio-telemetry channel of digital sonobuoys does not modify the transmitted data.
For digital sonobuoys the data is already digitized prior to encoding and transmission and is
completely reconstructed on reception. However, since the sonobuoys were tested as a
group, the digital sonobuoy testing procedure does not differ from that of analog sonobuoys.
In order to better synchronize the sonobuoys during testing or while recording acoustic
information, data is input through the analog decoder output, in a similar fashion to signals

from analog sonobuoys.

Figure 3.16 is a block diagram showing the experimental schematic used to measure the
system response of the digital sonobuoys (without hydrophones) using tonal and white

noise signals. This is identical to that used for analog sonobuoy cross-calibration, with the
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addition of a digital signal decoder. The gain coefficient for the digital circuit is always 0.5.
This gain factor is multiplied by the gain factor of the filter-amplifier card (1, 2, 4 or 8), and
the resulting scalar is used as the gain factor in the input program for the respective digital

sonobuoy analog to digital converter channel.

_b.
Mational Computer
Insgtruments
Sinwave Buay
generator — electranic ADC TR
1
Attenu atio Sl Tran=mitter Fadiorecaiver
Bax (scanner) Decoder Lnit Fiter 10 kH = LAG Card
White noize
generstor

Figure 3.16 - Block diagram showing the experimental schematic for determining the
system response of the digital sonobuoys.

3.4.4 Determining the operational characteristics of the analog and digital sonobuoy

3.4.4.1 Maximum input signal determination

The upper limit of the dynamic range of the radio-telemetry VHF-FM channel was
determined and the absence of artifacts due to overdriving the radio receiver was confirmed.
A sine wave generator model # G3-118 ('3-118) was used to generate signals at 1 kHz
which were input to the transmitter. The received signal was examined for clipping or
distortion at the peaks. The input signal amplitude was then reduced until the level of the
2" and 3™ harmonics in the received signal dropped to -20 dB below the fundamental. This
input signal level was adopted as the maximum input signal level. The input signal level
was further reduced until the harmonic distortion level at the output of the receiver was -30

dB. This input signal level was selected as the normal operating level.

3.4.4.2 System instrument response (including radio channel)

A white noise signal was input to the analog circuit of a sonobuoy. The average amplitude
(0.15 V) of the input white noise signal exceeded the internal noise of the receiver (due to

cross-talk with the radio receiver) by a sufficient amount to determine the system
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response®’. This signal level was used for the following step in the system response
determination:

A signal from the generator and a signal from the output of the radio transmission channel
(compensating for the gain), were simultaneously input to a computer. The spectra of these
signals were averaged over 2 minutes. The system response characteristics of a sonobuoy
channel were determined using the peak-normalized, smoothed ratio of the output and input
signal spectra. Each sonobuoy system response was obtained by multiplying the respective
system response by the frequency response of the hydrophone M(f) as measured at
RSSRIPRTM and given in Appendix A.

3.4.5 Instrument noise and dynamic range determination

3.4.5.1 Results of the analog sonobuoy instrument tests

Measurement of the internal noise and dynamic range of the analog sonobuoy was
conducted using the schematic shown in Figures 3.17(a) and 3.17(b). For the instrument
noise test a dummy hydrophone with the same response as the real hydrophone was used.
For dynamic range determination, a sine wave generator model # G3-118 (['3-118) was
used to generate signals that were input to the analog channel of the sonobuoy. As before
the amplitude of the input signal was controlled by a step-attenuator. The radio (VHF FM)
signals were received at a distance and were recorded using the same equipment used in
2005 to record the data at Piltun lighthouse. The output signal from the radio receiver was
input to a recording system consisting of a National Instruments 16-bit ADC card and 8-
channel 8" order elliptic filter connected to a notebook computer. The notebook computer

controlled the recording parameters.

Figure 3.17(c) shows the performance of the analog sonobuoy radio channel. The red
curve is the instrument noise recorded with a radio channel gain of 0.35 and a hydrophone
sensitivity of 50 mV/Pa. Figure 3.17(c) also shows that when the non-linear distortion level
of the first harmonic is -20 dB a tonal signal at 1 kHz is 70 dB higher than the instrument
noise. As with the T-AUAR radio channel the relatively broad peak at 100 Hz is a result of
cross-talk within the receiver (ICR-10); this cross-talk is greater for AX-400 and AX-700

receivers.

°" For example the maximum cross-talk level is in the 50-100 Hz band for AX-700 radio receivers.
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Figure 3.17 — Block diagram showing the experimental schematics for the testing of the analog
sonobuoy: (a) internal noise estimation test; (b) Dynamic range determination test; (c) Spectra
showing the performance of the analog sonobuoy for the frequency range 0-5 kHz (instrument noise
with dummy hydrophone G-33 (I'-33, M=50 mV/Pa) is shown in red.
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The increase in the level of instrument noise above 4.5 kHz is caused by the frequency
response of the 8" order elliptic filter®® used in the recording equipment. These instrument

noise and dynamic range values are valid for stable radio channels with low radio noise.

3.4.5.2 Results of the digital sonobuoy instrument tests

Measurement of the internal noise and dynamic range of the digital sonobuoy was
conducted using the schematic shown in Figures 3.18(a) and 3.18(b). For the instrument
noise test, a dummy hydrophone with the same parameters was used (Figure 3.18(a)). For
dynamic range determination, a sine wave generator model # G3-118 ('3-118) was used to
generate signals that were input to the analog channel of the digital sonobuoy. As before
the amplitude of the input signal was controlled by a step-attenuator. The radio (VHF FM)
signals were received at a distance and were recorded using the same equipment used in
2005 to record the data at Piltun lighthouse. In order to record synchronous records for
both the analog and digital sonobuoys, data from the digital sonobuoys were also recorded
on the same computer and used the same National Instruments recording system as the
analog sonobuoys®. The output signal from the radio receiver was converted to an analog
signal and input to the National Instruments 16-bit ADC card and 8-channel 8™ order elliptic
filter connected to a notebook computer on the Academic Lavrentev (Figure 3.19). The
instrument noise and dynamic range tests were therefore conducted using this configuration
(Figures 3.18(a) and 3.18(b)).

Figure 3.18(c) shows the performance of the digital sonobuoy radio channel. The red curve
is the instrument noise recorded with a radio channel gain of 1 and a hydrophone sensitivity
of 50 mV/Pa. Figure 3.18(c) also shows that when the non-linear distortion level of the 3"
harmonic is -60 dB a tonal signal at 800 Hz is 92 dB higher than the instrument noise. The
increase in the level of instrument noise above 2.3 kHz is caused by the frequency
response of the 8" order elliptic filter®® used in the recording equipment. These instrument
noise and dynamic range values show that unlike the analog sonobuoys the performance of

the digital sonobuoys is not dependent on the range and radio noise.

%% National Instruments SCXI-1142.

% This system was used for the 2005 field season to record synchronous real-time data from four analog and
two digital sonobuoys during the LUN-A CGBS installation.

% National Instruments SCXI-1142.
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Figure 3.18 — Block diagram showing the experimental schematics for the testing of the digital
sonobuoy: (a) internal noise estimation test; (b) Dynamic range determination test; (c) Spectra
showing the performance of the analog sonobuoy for the frequency range 0-2.6 kHz (instrument noise
with dummy hydrophone G-33 (I'-33, M=50 mV/Pa) is shown in red.
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Figure 3.19 — Radio reception and recording station on the Academik Lavrent’ev.
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3.4.5.3 Results of the sonobuoy instrument tests
The unit to unit performance of all the sonobuoys was confirmed by regular testing. All the
sonobuoys were subject to the tests listed in Appendix B; Table 3.2 gives the individual test
results for the four analog and two digital sonobuoys. All sonobuoys performed within

specifications.

Table 3.2 - Performance of sonobuoys on the instrument tests.

Internal noise (dB re 1 pPa?Hz)
N
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el ] -
c c )
© © o
0 o] g
> > o) > ) -
9 e 3 o s | 2
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DRB-1 1-20 55 20 - 2400 48 94.5
DRB-2 1-20 56 20-2400 @ 48.2 95
ARB-1 10 - 500 82 500 - 5000 68 69.9
ARB-2 | 10-500 71 500 -5000  59.1 71
ARB-3 | 10-500 75 500 - 5000 63 70
ARB-4 | 10-500 73 500 - 5000 63 71

3.4.6. Calibration of digital and analog buoys and cross-calibration error analysis

As with the AUARs the data had to be calibrated to an absolute pressure standard so that
the acoustic measurements made on the NE Sakhalin shelf could be compared to previous
or future work. The hydrophones were manufactured with nominal sensitivities and the
gains were set in the field. In order to confirm the calibration of the equipment a field cross-

calibration was conducted.

The hydrophone calibrations were conducted at SMCHM located at RSSRIPRTM (Moscow).

The sensitivities of the hydrophones were determined by comparative calibration against a
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reference hydrophone in an acoustical calibration chamber®' and have a relative error of
less than 1.5 dB (95% probability)®?. Figure 3.3 shows the frequency dependence of the
spherical hydrophone sensitivity over frequencies from 1 Hz-10 kHz. Calibration certificates

for the hydrophones are shown in Appendix A.

The cross-calibration procedure was changed in 2005 to improve its effectiveness and
performance. The cross-calibration was conducted using the narrow band mode of the
radio receivers, giving an improved signal to noise ratio in the radio channel. Analog
sonobuoys were cross-calibrated in the frequency range from 10 Hz to 5 kHz®® and digital

sonobuoys from 1 Hz to 2.5 kHz.

At the beginning of the 2005 field season a cross-calibration of the digital and analog
sonobuoys was conducted on the Academik Lavrent’ev. All the sonobuoys were cross-
calibrated by recording and comparing across all the sonobuoys acoustic signals generated
by the Academik Lavrentev, as well as tonal signals generated by the broadband
transducer. The field cross-calibration procedure is described in detail in Appendix C. The
maximum absolute error from the mean for any digital sonobuoy was 0.76 dB, and for any
analog sonobuoy was 1.62 dB%. These values were within the expected relative error limits

for the equipment and the absolute calibration of the data was therefore confirmed.

® Model UVT 71-a-90

®2 This error includes the approximately 1 dB error associated with estimation of absolute pressure for the
calibration of the reference hydrophone

%3 Real-time transmission of frequencies above 5 kHz was not required for the 2005 field program.

% See Appendix C - Tables C.2 to C.4 for all the results. The highest errors were due to the low level of the
calibration signal at low frequencies.
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4 Acoustic Transducers

This section describes the three types of acoustic transducers utilized for sound propagation
studies and the monitoring of the acoustic field generated by the transducers. It also
includes a description of the tools and methodology for estimating the reference amplitude

at 1 m for each transducer, using a reference hydrophone.

4.1 High Frequency (HF) broadband piezoelectric transducer

Broadband noise, frequency modulated and tonal signals in the frequency band from 400-
15000 Hz were used for high frequency propagation studies, TL measurements and cross-
calibrations. Figure 4.1 shows the broadband piezoelectric (ceramic) transducer that

generated these signals. The transducer is cylindrical®®

and consists of seven piezoelectric
rings connected in parallel, coated with a composite material and sealed at the ends with a
metal shield. A marine connector at one end connects the transducer to the power supply

and control system. A 1500 Watt power amplifier drives the transducer®®.

Figure 4.2 is a block diagram giving a schematic of the control system for the transducer.
Three signal generators produce tonal signals from 10 Hz - 20 kHz, broadband noise
signals or linearly frequency modulated signals (with adjustable frequency range and
frequency of modulation). A precise signal generator (['3-122) was used as modulator and
provides a stable sin wave with controllable amplitude at frequencies from 0.001 Hz to
3 MHz. This output was input to a frequency-modulating generator (GFG-8216A). The
output of this generator was therefore a FM signal whose carrier signal was determined by
the GFG-8216A and whose modulation was controlled by the 3-122 signal generator.
White noise from a white noise generator (RFT-1123) can also be input to the transducer
instead of a FM signal. The manufacturers specifications indicate that the white noise signal
had a signal variation of <0.1 dB in the band from 1 Hz to 200 kHz.

4.2 Low Frequency (LF) electromagnetic resonance transducer

A Low frequency resonance transducer was used for propagation studies, TL

measurements and cross-calibrations. The LF transducer has a cylindrical container®’ filled

® Dimensions are diameter 28 cm, Height 136 cm; Weight ~ 60 kg in air, ~ 15 kg in water.
% Phonic MAX-2500 1500 Watt power amplifier.
¢ Dimensions are Diameter 58 cm, Height 15 cm; Weight 48 kg in air, ~ 6 kg in water.
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Figure 4.1 - High frequency broadband piezoelectric transducer.
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Figure 4.2 - High frequency broadband piezoelectric transducer control electronics.

with air, and a pair of identical closely spaced radiating pistons oscillating in opposite
directions creating a volume displacement. An electromagnetic controller controls the
motion of the pistons; the ends of the pistons are connected together by cylindrical springs
and to the edge of the cylindrical container with rubber gaskets. A bridge thyristor inverter
connected to the transducer by a 4-line 34 m long cable drives the transducer. Hydrostatic
compensation is achieved using an air pump and control manometer connected to the
transducer by a 27 m hose®®. In order to achieve electric resonance, a battery of electric
capacitors and solenoids located on board the Academik Oparin are connected sequentially
with the solenoid of the transducer. Figure 4.3(a) shows the LF resonance transducer and

reference hydrophone being deployed over the side of the Academik Oparin.

68 During calibration tests in the Sea of Japan the amplitude of the piston motion at the resonance frequency
was 3.3 mm. The amplitude of the volumetric oscillation was therefore 0.0012 cubic meters. The tests using
calibrated accelerometers, and conducted at a depth of 2 m, indicated that when the maximum number of
springs (30) are used, the resonance frequency of the transducer is 20.2 Hz with marginal frequencies of 15.2
and 30.6 Hz (-3 dB).
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Figure 4.3 - (a) Low frequency resonance transducer and calibrated monitor hydrophone;
(b) Power spectral levels of the acoustic field generated by the transducer recorded by a
reference hydrophone at 1 m for a resonance frequency of ~27 Hz.
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The LF resonance transducer was deployed at a depth of 8 m from the anchored Academik
Oparin. Figure 4.3(b) displays the spectral levels, recorded by a control hydrophone at 1 m,
of the acoustic field generated by the transducer at a resonance frequency of ~27 Hz and its
harmonics. The ~27 Hz acoustic signal has a spectral level of ~180 dB re 1 uPa%Hz at 1 m

from the transducer®®.

4.3 Autonomous electromagnetic resonance transducer

An autonomous electromagnetic resonace transducer was used during the 2005 field
season. The advantage of an autonomous transducer is that it can be used to conduct
propagation experiments on a pre-determined schedule even when the vessel is not
present. The disadvantage is that the transducer remains at a single location. The
transducer consists of a transmitter (with an electromagnetic converter), power amplifier and
transformer; a stable harmonic generator based on a quartz crystal’”® and a battery. A
voltage stabilizer is used to remove the variation in transmitted signal amplitude with the
battery voltage (i.e. battery charge). The transmitter is housed in a sealed cylindrical
container’! with a transmitting diaphragm at one end and is depth rated to 100 m (Figure
4.4).

The transducer produces a continuous tonal signal with a power of 10 W at the center
frequency; the acoustic pressure at 1 m from the transducer is 173 dB re 1 pPa-m. The
center frequency can be adjusted in steps over the frequency band 290-392 Hz using heavy
disks attached to the diaphragm. The transducer can transmit at a defined acoustic level for

72 hours with a battery capacity of 100 Ampere hours.

4.4 Reference amplitude

The acoustic pressure level generated by both the HF and LF transducers were monitored
by a calibrated reference hydrophone located a fixed distance from the transducer’?. The
monitor data could be contaminated by flow noise, vibration from currents, surface waves,

rocking of the vessel and noise from the Academik Oparin.

% While the transducers were operating the acoustic signal levels were measured using a calibrated
hoydrophone located 1 - 2 m away from the transducer.

" This quartz generator is used to stabilize the signal from the power supply to the transducer (frequency).

"' Dimensions are: Diameter 30 cm, Length 1 m; Weight 100 kg in air, ~40 kg in water.

"2 The calibration certificates for the reference hydrophones are given in Appendix A.
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In order to reduce contamination of the reference signal by this noise, the reference
hydrophone and preamplifier were located a distance of 2 m from the center of the
broadband transducer and 1 m from the edge of the LF transducer. The reference
hydrophone was isolated from mechanical noise using a rubber suspension system inside a
weighted triangular frame. Data from the reference hydrophone was recorded on a laptop
using a system based on National Instruments equipment. This system is described in
greater detail in chapter 3. Figure 4.5 shows the laboratory on the Academik Oparin with

the equipment used to control the transducers and record the reference signals.

Figure 4.4 - Autonomous electromagnetic resonance transducer.

Figure 4.6 shows the spectra of signals produced by the HF transducer and monitored by
the reference hydrophone located 2 m from the center of the transducer. Figure 4.6(a)
shows the spectra G(f) when the transducer is driven by a white noise signal, the dotted line
gives a measure of the noise from the Academik Oparin recorded between transmissions.

Figure 4.6(b) gives the spectra when the transducer is driven by a FM signal. The 25 dB
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variation in the output spectrum is a function both of the output of the transducer and
interference between the direct and reflected waves from the vessel and the sea floor. The

signal was recorded by the 12 m deep reference hydrophone in 30 m water depth; the
vessel hull was 4.5 m deep.
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Figure 4.5 - Laboratory on the Academik Oparin showing the equipment for
controlling the transducers and recording the reference signal.

4.4.1 Reference hydrophone

Ideally the reference hydrophone used to monitor the output of the transducer would in the

far field of the transducer. However, on the NE Sakhalin shelf the water depths are too

shallow to allow the reference hydrophone to be placed in the far field without propagation
effects making the output of the transducer impossible to determine. The optimum location

for the reference hydrophone in these TL experiments is therefore difficult to determine.

Page 71



144, G{f), dB re 1mkPa fHz
139 |

134

129
119 ;:
114 '
1097%
104!

80+

0 2 000 4000 6000 8 000 10 000 12 000 14 000
f, Hz
(a)

1501 G(f. dB re 1mkPa Hz

S I ! | W_ I

Figure 4.6 - Spectra G(f) of signals from the broadband transducer monitored by the
reference hydrophone at 2 m; (a) White noise signal (solid line) and vessel noise from the
Academik Oparin (dotted line); (b) FM signals.
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The frequency and range dependent TL is estimated by subtracting the power spectral
density level (dB) of the acoustic signal at 1 m from the transducer from the power spectral

density of the acoustic signal as recorded at the AUAR:

TL(f,r)=10logG, (f)-10logG,, (f) (4.1)

Where:

TL(f,r) is the frequency and range dependent TL,

G/(f) is the power spectral density of the acoustic signal at range r from the transducer,
G1m(f) is the power spectral density of the acoustic signal at 1 m from the transducer.

4.4.2 Methodology used to monitor acoustic levels generated by the transducers

Ideally, in order to eliminate the near field phenomena described in the previous section the
reference hydrophone used to monitor the output should be located several wavelengths
from the transducer (in the far field). However, this is impractical since for the study area on
the NE Sakhalin shelf the water depths are too shallow (10-40 m). The length of the
Academik Oparin (75 m) limits the horizontal distance; additionally the stern area of the ship
is noisier since it is near the engine compartment. Also, as the range increases,
interference between the direct arrival and reflections from the sea floor, the sea surface

and the hull of the Academik Oparin can complicate the interpretation of the results.

The reference hydrophone was located at a distance of 2 m from the center of the
broadband transducer and at 1 m from the edge of LF transducer. The reference
hydrophone was isolated from vibration using a rubber suspension system. The goal of the
system was to minimize contamination of the data by flow noise, vibration from currents and
surface waves, as well as noise from equipment on and the rocking of the Academik Oparin.
The previous studies indicate that the source level of the transducers could be slightly lower
than the reference level for the LF transducer (~4 dB) and slightly higher than the reference
level for the HF transducer (~2 dB).

In summary it can be seen that a more extensive experiment to study the near field of the
HF and LF transducers must be conducted. This experiment should be designed to extend
the results of the 2004 and 2005 experiments and to study the attenuation in both the

vertical and horizontal directions in one experiment.
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5 Hydrologic Equipment and methodology

This section describes the equipment used for bathymetric and hydrologic studies, as well
as the hydrologic sonde used to make water column measurements during these and other
experiments. It also includes a description of the tools and methodology for correcting the
bathymetric measurements (e.g. tidal corrections), analyzing the hydrology data and

archiving the field data.

To estimate the cumulative effect of sound generated by developments on the NE Sakhalin
shelf on the sound field it is necessary to understand the transmission characteristics
between oil and gas facilities and operations and the gray whale feeding areas. Detailed
bathymetric and hydrologic measurements are required to improve the accuracy of the

acoustic models used for this task.

5.1 Hydrologic sonde

Empirical TL results are used to calibrate numerical modeling work. In order to more
effectively characterize the variation in TL over time it is necessary to know the hydrologic
properties of the water column (temperature and salinity) in addition to the acoustic
properties and bathymetry. Acoustic TL studies are therefore accompanied by bathymetric
and hydrologic profiling. A hydrologic sonde’ was used to determine the hydrologic
properties of the water layer. The Academik Oparin was upgraded with an electric winch in
order to deploy the sonde (and transducers), and the Academik Lavrent’ev used a hydraulic
winch; Figure 5.1 shows the sonde being deployed. The sonde can independently measure
conductivity, sound velocity, temperature and pressure. The main characteristics of the

sonde are given in Table 5.1; Appendix A has calibration certificates for the sonde sensors.

The sensors can be programmed with a sample rate of 1, 2, 4 or 8 Hz; all parameter values
are measured synchronously and stored in the sonde's internal 8 MB flash memory. Once
the measurements are complete the data can be transferred to a computer via a RS232
port™. The sonde is powered by a set of eight D-cells, providing approximately 180 hours of

continuous operation.

® Model SVXtra manufactured by Valeport Limited, England.
" The DatalLog400 program included with the sonde is used to adjust measurement modes, to transfer data to
a computer, for data visualization and relative density calculation from the other parameters.
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Figure 5.1 - SVXtra Hydrologic sonde being deployed from the Academik Oparin.
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Table 5.1 - Technical specifications - Valeport SVXtra sonde.

Parameter Type Range Accuracy Resolution Response
time
Conductivity Pressure 0.1-60 £0.01 mS/sm 0.003 mS/sm 100 ms
balanced mS/sm
inductive coils
Speed of Time of flight 1400-1600 +0.05 m/s 0.001 m/s Single pulse.
sound m/s (0,03 m/s rms) Maximum time of
flight 145 ps
Temperature Fast response -5°C +35°C +0.01°C 0.002°C 100 ms
PRT
Pressure Strain gauge 5000 dBar +0.1% FS + 0.005% FS 20 ms
pressure
sensor

Figure 5.2 - SVXtra Hydrologic sonde.
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5.2 Processing and storage of hydrologic data

To more effectively manage the quantity of hydrology and bathymetric data acquired during
these expeditions, the acoustic team developed a database for the storage and analysis of
hydrologic data. The database client software for hydrologic measurements was based on
the 2004 software version [Borisov et.al., 2005], and was updated in the course of
preparatory work for the 2005 expedition’. The main window of the database client module

is shown on Figure 5.3.
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Figure 5.3 - Main window of the database client module for the storage and analysis of
hydrologic data.

Data is read from the sonde using the DataLog400 program, converted into text and input
into the database. Since the hydraulic winch of the research vessel Academik Lavrent’ev
and the electric winch of the research vessel Academik Oparin deploy the sonde slowly and
the sonde samples the hydrologic parameters eight times a second, a large number of

depth samples are acquired during each vertical profile.

> New functions were added to the program to facilitate data backup, creation of new databases, switching
between databases, batch renaming of experiments, profiles and points, and exporting measurement data
directly to MS Excel. In addition, the database itself now runs under MS Access, and there is no need to
install additional database management software
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Data is collected into depth bins (the depth horizons stored in the database are 2.5 cm
thick) and averaged. Extra information is added (e.g. the experiment or profile name and
coordinates). Every entry in the database contains the measurement date, experiment,
profile and point name, as well as the coordinates and depth (max depth recorded by the

sonde) of the point, the sensor readings and the number of depth bins measured.
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Figure 5.4 - Plot showing the results from a vertical hydrologic profile acquired from
the Academik Lavrent’ev. Note that the density and salinity have been computed
from other measurements.

The software can output data in tables or plots (Figure 5.4); it can sort the data by date,
experiment, and profile or point name and can export data into MS Word and Excel.
Additionally, data can be exported into Surfer’® to better visualize the spatial variation of the

acoustic velocity, temperature, salinity and density fields. Figure 5.5 shows an example of

8 Golden Software.
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sound velocity, temperature and salinity sections plotted in Surfer [Kruglov et. al., 2006].

The data can also be input into Maplnfo to plot the experimental profiles on a map.

Page 79



TLP-4, 30.08.2005

0 $ 10 15 20 25 30 35 40 45 S50 55 60 65 70 75

0 5 10 15 20 25 30 35 40 45 S50 55 60 65 70 75

r, km
15 | | ?ZZ Z3 EF

<

i

37 -

z, m40
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
r, km

Figure 5.5 - Plots of sound velocity, temperature and salinity along a profile from the
PA-B platform location to the Orlan (#3) and OFA (#2) AUAR locations.
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5.3 Equipment and software for bathymetric profiling

The equipment available for bathymetric profiling on the two vessels (Academik Lavrent’ev
and Academik Oparin) used for the survey operations in 2005 was not the same. Different
equipment and survey methodologies were therefore used on the two vessels during the
2005 field program. This will have no effect on the final data as these differences were

compensated for during processing.

5.3.1 Logging positional data on the Academik Lavrent’ev

Beginning on 17 July 2005, local time, survey coordinates, speed and heading was
recorded aboard the Academik Lavrent’ev. The speed and heading were determined by the
ship’s Lawrance GPS receiver, Figure 5.6(a) is a schematic of the navigation recording
system. The NMEA (National Marine Electronics Association) standard 0183 signal from the
GPS receiver was passed to the computer's serial port. Data was recorded by an
independent program developed for the purpose; Figure 5.6(b) is a view of the main
window. The program stores the navigational data in text files. Visualization and

processing of the stored data was performed using Surfer and Maplnfo.

5.3.2 Logging positional and bathymetric data on the Academik Oparin

NMEA standard format signals from the depth profiler’”” and GPS receiver’® on the
Academik Oparin were input into an NMEA hub’® attached to the serial port of a computer.
The computer was running the dKart Navigator®® that can process and store data in NMEA

format, and computes and plots the vessel’s course.

Figure 5.7(a) shows the equipment used for continuous bathymetric recording on the
Academik Oparin, Figure 5.7(b) is a schematic of the bathymetric equipment. Navigation
information (time, coordinates, depth, speed, and course (from compass)) was recorded

every 10 seconds.

" \Wesmar, operating frequency 20 kHz, beam width 7°.

"8 Furuno.

" HUB51MK.

8 dKart Navigator (version 6.32) is a professional navigation solution for communication with navigation
equipment such as GPS, sonar, AlS, radar, compass, log etc.
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data on the Academik Lavrent’ev.

Figure 5.6 - Equipment used for continuous recording of bathymetric and positioning
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5.4 Applying tidal corrections to bathymetry data

The top plot on Figure 5.8 demonstrates the tidal correction of hydrologic data acquired
(using an echo sounder) on the NE Sakhalin shelf from 11:00 on 19 August 2005 to 11:00
on 20 August. The results are presented as graphs of depth vs. time n(t). The tidal height
was estimated from comprehensive observations in the area of Piltun Bay. This theoretical
estimate was subtracted from the measured depth to give a tide-corrected depth. The

bottom plot gives the theoretical value of tide height vs. time H(t).

The period plotted corresponds to the syzygial®' tidal phase, where the greatest differences
between the high and low tide levels are observed. The clear diurnal nature of the tides is
characteristic of the area; semidiurnal components are exhibited only in the quadrature®?

phase.

In standard practice (for marine navigation), tides are calculated relative to the lowest low
water low tide (chart datum), and chart depth is displayed relative to this datum. Common
practice is to tide correct the depths by adding the tidal values (from tide tables) to the chart
depths. Since the tidal corrections are identical to those from tide tables the correction
procedure can be considered as the adjustment of the bathymetry data to the chart datum
using generally accepted navigational practice. Theoretical tidal data for the period of
August to September 2004 and 2005 vyield the following statistical characteristics for the
tides in the Piltun Bay area: mean 0.782 m; standard deviation 0.342 m. Thus the
estimated measurement accuracy will be within 35 cm of mean sea level, and the rise of

mean sea level will be approximately 80 cm above the lowest low water low tide datum.®

Figure 5.9 clearly shows the impact of tides on the bathymetry. During the period of these
measurements the Academik Oparin was anchored at a single point. The results are given
as plots of the uncorrected bathymetry, the tide-corrected bathymetry, and the chart datum

level corrected by 21 m (the mean correction value).

" The maximum tide level — the earth and moon are aligned with the sun.
8 The minimum tide level — the earth and moon are 90" out of phase with each other and with the sun.
% The maximum tidal range in the area is £1 m.
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Figure 5.8 - Bottom: Tide level for bathymetric measurements made on 20 August 2005;
Top: Corrected and uncorrected data from a bathymetric survey.
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The figure shows that low frequency variations of the uncorrected depth match the
theoretical tide level closely; the real tide level can therefore be predicted by theoretical
calculations. The impacts of wind and changes in atmospheric pressure on sea level are

significantly smaller than the magnitude of the tide and are therefore ignored.

It is therefore possible to tide-correct the bathymetric measurements by subtracting the
theoretical tidal values from real measurements. This correction was applied to all
bathymetry data acquired in 2004 and 2005.

Bathymetry data also has errors due to surface waves and other stochastic effects. The
magnitude of surface waves can be comparable to those of tides, but surface waves
fluctuate much more rapidly. This effect can therefore be compensated for by averaging
inside a spatial grid (i.e. all the data is divided into spatial groups and averaged). This
excludes the effects of surface waves from the data as every cell of the grid contains data
from different times and also corrects the bathymetry data for the switching of currents. This
procedure will be applied to bathymetric data acquired in the field. Further data processing
and visualization will be performed using Surfer. [If uncorrected bathymetry is required for a
specified time a back correction can be applied (i.e. theoretical tidal value can be added to

the corrected data).
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Appendix A - Calibration Certificates.

Hydrophones:

1. Certificate # 18-06-2003 Hydrophone # '3304-0.1 Ne51  Type G33 (I'33)
2. Certificate # 19-06-2003 Hydrophone # '3304-0.1 Ne 64 Type G33 (I'33)
3. Certificate # 21-06-2003 Hydrophone # '3304-0.1 Ne84  Type G33 (I'33)
4. Certificate # 22-06-2003 Hydrophone # '3304-0.1 Ne113 Type G33 (I'33)
5. Certificate # 5/24-002-05  Hydrophone # 3304 Ne 112 Type G33 (I'33)

Hydrophone #3304 Ne 125  Type G33 (I'33)
Hydrophone # 3304 Ne 24 Type G33 (I'33)
Hydrophone # 3304 Ne 41 Type G33 (I'33)
Hydrophone # 3304 Ne 28 Type G33 (I'33)
Hydrophone # 3304 Ne 12 Type G33 (I'33)

6. Certificate # 5/24-004-05  Hydrophone # 'M-50 Ne 003 Type GI-50 (F'1-50

)

Hydrophone # '1-50 Ne 004 Type GI-50 (I'1-50)

Hydrophone # '1-50 Ne 006 Type GI-50 (F'1-50)

Hydrophone # '1-50 Ne 018 Type GI-50 ('1-50)

Hydrophone # '1-50 Ne 010 Type GI-50 (F'1-50)

Hydrophone # '1-50 Ne 008 Type GI-50 ('1-50)

7. Certificate # 5/24-005-05 Hydrophone # GI-50 Ne015 Type GI-50 (F'1-50)

Hydrophone # '1-50 Ne 007 Type GI-50 (I'1-50)

Hydrophone # N'1-50 Ne 023 Type GI-50 (F'1-50)

Hydrophone # '1-50 Ne 012 Type GI-50 ('1-50)

Hydrophone # 'M-50 Ne 021 Type GI-50 (F'1-50)

Hydrophone # '1-50 Ne 017 Type GI-50 (F'1-50)
8. Certificate # 17-06-2004 Hydrophone # 61 Ne10 Type G61 (I'61)
9. Certificate # 19-06-2004 Hydrophone # 61 Ne13 Type G61 (I'61)

SVXtra hydrologic sonde:

1. Equipment Checklist

2. SVXtra Calibration and Instrument build record

3. Conductivity sensor Calibration record SN #10905 Type 62R

4. Sound Velocity sensor Calibration record SN #10903 Type 100 mm

5. Pressure sensor Calibration record SN # 1599575 Type PDCR4000
6. Temperature sensor Calibration record SN # 405 Type PRT
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I'ocynapeTBeHHOE NpeanpHUsTHE
“BcepocCHHCKHH HAYYHO-HCC/IEA0BATE/IbCKHH HHCTHTYT

(pu3HKO-TEXHHYECKHX H PAIHOTeXHHYECKHX H3MepeHHH”’

I'nmn “BHUNDPTPH”
IFOCYJIAPCTBEHHBI METPOJIOTMYECKHUI LIEHTP
IT'MAPOAKYCTHYECKHX W3MEPEHUN
I'MITA
141570, MockoBckas 06.1.,
n/o Meuaeneeso, I'lT BHHU®TPHU

CBUJAETEJIBCTBO Ne 18-06-2003

0 MepBUYHOM (MepuoUYEcKOii) noBepKe
paboyero ruapodoHa

PaGouuii ruapodon tuna 1'13304-0.1 3aBoackoi Ne 51, paccuuTaHHBIN HaA
JnuanasoH yactor 5+ 16000 I,

paspaboransbiii ¥ usrorosyeHHbi ['T1 “BHUADTP ”,

npuHaanexammi ['MII'U,

Ha OCHOBAHHUHU pe3yJbTAaTOB TI'OCYAapCTBEHHOW MEPUOIMYECKOU MOBEp-
K¥, [pHU3HAH TOAHBIM M JIONMYIIEH K IPUMEHEHHMIO B KadecTBe pabouero
ruapodoHa, mpeJHa3Ha4YeHHOro /Il U3MEpPeHHs 3BYKOBOI'O JIaBI€HUs B BOJIHOM
cpezne B auarnaszoHe yactor 5+ 16000 I'u, B COOTBETCTBUHU € rocy1apCTBEHHOM
nmoBepo4Hoii cxemoit o MU 2098-90.

ITpunooicenue: Hnempyxkyus no sxcnnyamayuu. I uopogporvr muna 133.

10 wionn 2003 2.
Cpox Oeticmeus ceudemenvcméa 0o 10 wons 2004 2.

Y4eHbIil XpaHu 3
VBT 71-A-90 % Q/\ 4 %‘J’—’ C.®. Hekpuu
v\
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Pe3ynbTaThl NEPHOAUYECKON TOBEPKH

ruapodona Tuna ['3304-0.1 3aBoackoit Ne 51

PesynbraTsl u3amMepenus dyBctButenbHocTd [13304-0.1 Ne 51.

F, ' M, mB/ITa F,T'u M,mB/Tla F,I'n M ,MmB/I1a F.I'n M,mB/I1a
5 38,6 63 50,9 1000 51,5 12500 3490
6.3 41,7 80 50,9 1250 70 16000 W, 5
8 42,0 100 50,9 1600 ST 0 20000 s
10 45,0 125 51,0 2000 vhH v 25000 e
12,5 46,7 160 512 2500 1L 31500 el S
16 48,2 200 512 3150 V9.6 40000 | —
20 50,6 315 51.3 4000 52.3 50000 —
25 50,7 400 51,4 5000 30,9 63000 —
31,5 50,8 500 51,4 6300 75 F 80000 -
40 50,8 630 51,4 8000 28 1 100000 —
50 50,8 800 51,5 10000 | 24,Y
10 122 2,0 230 4,0 344 P
125 15,2 2.5 222 /3 Ylepen o8 U h
1,6 /36 35 3/9

JloBepuTesbHas OTHOCHTEIbHAs MOTPEIIHOCTh MOBEPKH MPH JIOBEPUTEIILHON BEpPOAT-
Hoctu P=0,95 ne npesprmaer 1,0 1b B quanaszone 5 — 1000 I'n u 2,0 b B quanaszone 1250 —
10000 I'.

TemnepaTypa BOZIbI IPH H3MEPEHUSX HaxoauIach B npezxenax 15 +2,0 °C.

IIPUMEYAHHA 1 Pabouuil 2udpoghona credyem npumensimo monsko HA 4acmomax
mpems OKMasHo20 psioa 6 OUANA30HE YACMOm, YKA3AHHOM 6 C6UDEMENbCMEe O NoGepKe.
2 Ilpu usmepeHusix 2u0pOpOH OPUEHMUPOBANCS PUCKOU HA UCMOY-
HUK 36YKa.

%‘4/\\_ JI.®. KocobpooBa

[ToBeputens
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I'ocynapcTBeHHOE NpeAnpHsTHE
“BeepoccHHCKHH HAYYHO-HCC/IE0BATEILCKHH HHCTHTYT
x??

q)Hi!HKO-TeXHH‘IECKHX H PAAHOTEXHHYE€CKHX H3IMEPEHHH

I “BHUU®TPU”
T'OCYJAPCTBEHHBIA METPOJIOTMYECKHWI IIEHTP
I'JAPOAKYCTUYECKHUX U3MEPEHUI
I'MIITA

141570, MockoBckasi 00J1.,
n/o Menaeneeso, I'll BHUHUOTPH

CBUAETEJBCTBO Ne 19-06-2003

O NepBUYHOM ([TEpHOIUYECKOMH ) ITOBEpPKE
pabodyero rugpodona

Pabounii ruapodon tuna ['3304-0.1 3aBoackoit Ne 64, paccuuTaHHBINA Ha
nuanas3ol yactor S+ 16000 I'u,

paspaboranHblii U uzrorosnenHslii ['T1 “BHUUOTPU ",

npuHagnexamumi ['MITH,

Ha OCHOBaHMM pe3yJbTaTOB TOCYJapCTBEHHOW MEpUOIUYECKOi MoBep-
KM, TpPHU3HAH TOAHBIM W JIOMyIIEeH K NPUMEHEHWI0 B KadyecTBe paboyero
ruapodoHa, npeHa3Ha4eHHOro /I U3MepeHHs 3BYKOBOTI'O HABJIE€HHUs B BOIHON
cpene B auanaszone yactor 5+ 16000 'y, B COOTBETCTBUH € rocyqapCTBEHHOM
noBepoyHoi cxemoi no MM 2098-90.

[Ipunoscenue: Hnempyxkyus no sxcnayamayuu. I uopoghonst muna I'33.

10 wions 2003 2.
Cpox deticmeus ceudemenvcmea 00 10 uiona 2004 2.

C.®. Hekpuu
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PQSYH bTaThI IIEPHOIHYEC KOH MOBEPKH

rugpodona tina ['3304-0.1 3aBojackoit Ne 64

Pesynerarel u3mepenus gyBcTBuTenbHOCTH [13304-0.1 Ne 64.
F,I'n M.,mB/Tla F,I'n M,mB/ITa F,T'n M,mB/I1a F.I'n M, MmB/TTa
5 43,6 63 52,2 1000 52.8 12500 2L F
6.3 46,7 80 52,5 1250 53,0 16000 32 ¢
8 48,3 100 52,5 1600 530 20000 —
10 50,0 125 59:5 2000 S48 25000 —
12,5 512 160 52,5 2500 56 1 31500 —
16 52,0 200 52.5 3150 ST 3 40000 —
20 522 315 52,6 4000 vg 7 50000 —
25 522 400 52,6 5000 3449 63000 —
31,5 52,2 500 52,6 6300 3v.p 80000 —
40 522 630 52,8 8000 22 9 100000 —
50 52,2 800 52,8 10000 234 e
10 Ik 2.0 250 4.0 406 )
725 155 2,5 293 L Ueaenno kUi
16 194 315 24,5 3

JloBepuTeIbHas OTHOCHTENIBHAS MOTPEITHOCTh MTOBEPKH NPH JOBEPHTENNLHON BeposT-
nHoctu P=0,95 He npeseimaer 1,0 1b B auanazone 5 — 1000 I'n u 2,0 1B B nquanazone 1250 —
10000 I'i.

Temneparypa BOJIbI IIPH H3MEPEHHUSX HAXOAUIIach B npenenax 15 + 2.0 °C.

TIPHMEYAHHA 1 Paboyuii 2udpoghona cnedyem npumensime MoNbKo HA 4ACMOomax
mpems 0OkmaeHo20 pAOA 6 OUANAZOHE YACMOM, YKA3AHHOM 6 C6UOeMeNbCmee 0 NoGepKe.
2 Ilpu usmepenusx 2uOpophon opueHMuposaics PUckoi Ha UCMoY-
HUK 36YKa.

0@% JI.®. KocobpooBa

ITosepurenb
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I'ocynaperBenHoe npeanpusiTue
“BceepoccHiCKHI HAYYHO-HCC/I€10BATE/ILCKHA HHCTHTYT
(pH3HKO-TeXHUYECKHX H PAJHOTEXHHYECKHX H3MepeHHH”’

'l “BHUNDPTPH” ~
IFOCYJIAPCTBEHHBIM METPOJIO'HYECKHHM LEHTP
IT'HAPOAKYCTUYECKHUX U3MEPEHHUH
MU

141570, Mockosckas ob.,
n/o Meunaeneeso, I'lT BHHU®TPH

CBUAETEJbBCTBO Ne 21-06-2003

0 NepBUYHOH (IIepHOIUYECKOM ) TOBEPKe
paboyero rugpodoHa

Pa6ounii rugpodon tuna ['3304-0.1 3aBoackoii Ne 84, paccuuTaHHBI Ha
amamnasoH yactor S5+ 16000 I'n,
paszpaborannblii 1 usrorosnenssii ['TI “BHUUOTPU ",

npunagnexammii  I'MLIT'Y,

Ha OCHOBAaHHMH pe3yJbTaTOB TIOCYAapCTBEHHOW NEPUOIMYECKOM TOBEp-
K{, NpU3HAH TOAHBIM M JONYyIIEH K NPUMEHEHUIO B KadecTBe pabovero
ruaipodoHa, npeaHa3Ha4YeHHOro A1 U3MEPEHHUs 3BYKOBOTO JaBlIEHHUS! B BOJIHOM
cpene B auana3zoHe yactor S + 16000 I, B COOTBETCTBUH € rocyaapCTBEHHOI
noBepo4Hoi cxemoit mo MU 2098-90.

lIpunoswcenue.: Huempykyus no skennyamayuu. I uopogoner muna I33.

10 wionsn 2003 2.
oKk Oeticmeus ceudemenvcmea 0o 10 uona 2004 2.

VY4eHblii XpaHUTE e
YBT 71-A-90 . i C.®. Hexpuu
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PCS}’.I'II:TaTbI nepnonnqecxoﬁ MOBEPKH

rugpodona tuna ['3304-0.1 3aBojckoit Ne 84

PesynbraThl Hamepenus yyBcTBHTEIbHOCTH [3304-0.1 No 84,
F,I'n M, mB/Tla F, ' M,mB/Tla F.T'u M.,mB/Ia F.I'n M. MB/I1a
5 43,7 63 50,4 1000 50,8 12500 250
6.3 454 80 50,4 1250 S1.2 16000 38 ¢
8 46,9 100 50,4 1600 $7.9. 20000 -
10 49.0 125 50,6 2000 523 25000 —
12,5 49,4 160 50,6 2500 A 31500 .
16 50,0 200 50,6 3150 gL 40000 —
20 50,2 315 50,6 4000 ¥3,9 50000 —
25 50,3 400 50,6 5000 36,6 63000 —
31,5 50,4 500 50,6 6300 34,3 80000 —
40 50,4 630 50,6 8000 30,5 100000 —
50 50,4 800 50,8 10000 2¥P ==
1.0 12,6 2.0 261 4,0 4l.2. p
(25 /6.3 2.5 31,5 S N lwaenno U1
1.6 21,0 EVES 353 =

JloBepuTebHas OTHOCHTENIbHAS MOTPEIIHOCTE TIOBEPKH MPH J0BEPHUTENBHON BEpOST-
Hoctu P=0,95 ne npeseimaer 1,0 n1b B auanazone 5 — 1000 I'y u 2,0 1b B quanazone 1250 —
10000 '

TemnepaTypa Bo/bl IPH H3MEPEHUSIX HaXoMack B npejeiax 15 +2,0 °C.

TIPUMEYAHHA 1 Paboyuii cudpogpona credyem npumensams MoibKo HA 4acmomax
mpemv OKMAHo20 PA0aA 6 OUANA3OHE YACMOMm, YKA3AHHOM 6 CEUOeMENbemee 0 NoGepKe.

2 Ilpu usmepenusx 2uOpooH OPUEHMUPOBAICS PUCKOU HA UCMOY-

HUK 36YKA.

IToBepuTtens

@«,\\ J1.®. Kocobpososa
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I'ocyaaperBeHHOe NpeAnpHsATHE
“BeepoccHiCKHH HAYYHO-HCC/IE0BATEIbCKHH HHCTHTYT
(pH3HKO-TeXHHYECKHX H PAIHOTEXHHYECKHX H3MepeHHH”’

' “BHUU®TPH”
I'OCYJAPCTBEHHBIA METPOJIOTMYECKHUIN IEHTP
I'AJIPOAKYCTUYECKHUX M3MEPEHUI

I'MIII'n
141570, MockoBckasn 06.1.,
n/o Meunpeneeso, I'lT BHUUDOTPHU

CBUAETEJBCTBO Ne 22-06-2003

0 MEepBUYHOM (MEepUOANUECKON ) TOBEPKE
pabouero ruapodona

Pa6Gounii runpodon tuna ['3304-0.1 3aBoackoit Ne 113, paccuuTaHHBIM

Ha aMana3oH yactor S + 16000 I',
pa3paborannbiil ¥ usrotosnenssii ['TI “BHUUOTPA ",

npuHaanexamuit  I'MLIITU,

Ha OCHOBAaHWUHM pE3yJbTaTOB TIOCYAApPCTBEHHOW MEPUOAMYECKO MoBep-
K¥, TPH3HAH TOAHBIM M JOMyUIeH K MPUMEHEHHI0O B KayecTBe paboyero
ruapodoHa, MpeHa3HaYeHHOro Ul U3MEepeHHs 3BYKOBOI'O JIaBIICHHsI B BOIHOM
cpezne B nuanasoHe yactorT 5+ 16000 I'u, B cOOTBETCTBUM € roCyJapCTBEHHOM
noBepouHoi cxemoi no MM 2098-90.

[Ipunoscenue: Hnempykyus no sxcnayamayuu. I uopogporvr muna I'33.

10 wronsn 2003 2.
Cpox oeticmeus ceudemenvcmea 0o 10 wions 2004 2.

YueHbIl XpaHuTe
FHApo l.,"

YBT 71-A-90 \ sug, - C.®. Hexpuu
\\ ¢ / -

-
Iii“.‘uq,“.“
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Pesynbrarel n3MepeHus dyBcTBuTeabHOCTH [13304-0.1 Ne 113.

Pe3ynbTaThl NepHOAMYECKON ITOBEPKH

rupodona tuna '3304-0.1 3aBoackoi Ne 113

F.I'n M, MmB/T1a F,I'n M.mB/Tla F, ' M.mB/Tla F,.I'u M.,mB/ITa
5 46,7 63 50,9 1000 51,6 12500 299
6,3 472 80 50,9 1250 576 16000 J6,3
8 493 100 50,9 1600 576 20000 e
10 50.0 125 51,0 2000 509 25000 e
12,5 50,2 160 512 2500 9.2.7 31500 —
16 50.4 200 51,2 3150 572 40000 -
20 50,6 315 51,3 4000 433 50000 —
25 50,8 400 51.4 5000 Y27 63000 —
31,5 50,8 500 51,4 6300 LB 2 80000 =
40 50,8 630 51.4 8000 294, 100000 s
50 50,8 800 51,5 10000 L L e
10 156 2.0 307 4,0 437 ,
125 19,5 2.5 355 /2 VYeneiwo LG
16 251 315 Y02 ]

JloBepuTenbHass OTHOCHTEIbHAS MOIPEUIHOCTD MTOBEPKH IPH JOBEPUTEIBLHOH BEPOST-
woctu P=0,95 ne npeesnnaer 1,0 1b B nquanazone 5 — 1000 'y u 2,0 nb B auanasone 1250 —
10000 I'11.

Temnepatypa BoJibl IIPH H3MEPEHUSIX HAXOAMIACH B peaenax 15 + 2,0 °C.

ITIPUMEYAHHA 1 Pabouuit zudpoghona cnedyem npumeHams MoabKo HA 4acmomax
mpemb OKMAsHO20 psOa 6 OUANA30He YACMOm, YKA3AHHOM 6 C6UOCMENbemee 0 NOGEPKe.
2 Ilpu usmepenusx 2uOpoghor opuenmuposancs puckou Ha ucmoy-
HUK 36)YKd.

[loBepurens

‘/@4\ JI.®. KocobpoioBa
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MIHCTEPCTBO
HPOMBII.H('IEHHOCTH 11 OSHEPTETHEKH
POGCHFICKOF1 PEAEPALIMF

e, DEAEPA(IDHOE ATEHTCTBO -
[10 TEXHNYECKOMY PEI'Y(IMIPOBAHFKIO
¥ METPOOT'FIK

BHHUPTPH : d
GEAEPAIBHOE MNOCYAAPCTBEHHOE

' YHUTAPHOE MNPEANIPHUATHE .
e o BGEPOCCHﬁCKPlﬁ HAYYHO-UCCAEAOBATENBCKHNI MHCTUTYT R
¥ OUUKO-TEXHUMYECKMX M PAAMOTEXHUYECKUX M3MEPEHUM . jg

®ryrli BHN®TPH

O NMOBEPKE

” 5/24-002-05

5 tr _ devicTBAUTEABHO A0

05 anpens 200g . _

1 d ; ‘\“ {
“ "~ sasonckue Ne Ne 112, 125, 24, 41,28, 12; 3
Lg } Cepus u Homep. KiieliMa MpedsIdyweli NosepKU (6GAU maKue Cepus U HOMeP UMelomcs) {

! .
1t.ﬁ‘ 4 i -
{\ | paccuMTaHHEIC Ha HANIA30H qac'wr 1,25 Mo+ 16,0 xlw; P
e B ———
g:' npunaiexamue SLYII “BHUAGTPU T
| B =
*-gﬁt,_?_ MOBEPEHbl M HAa OCHOBAHMH pE3YJIbTATOB INEPBHYHON (NEPHOIMYECKO) MOBEPKH LW .__.-“‘1';_.-‘

[ PN
L. < | IPH3HAHBI IPHTOHBIMA K HPHMEHECHHIO. ‘%,‘

-."‘rl_
=

e

0 T 5 -_'_'9",.'

. .. lloBeputensHoe KieiiMo r.:§§

7_ Havansnuk nabopatopun Ne 24 % C.®. Hexpuu

: ¢, 'y [losepuTes JL.®. KocoGpojosa
| Hara “05” anpens 2005 r. )
= - ‘:’5"’_,

JAC dmpma IO, r Mocmea. 2522, 2004 r., yposens B Tnp. 14400
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pord

R i, “ 3 ST /T N, 4
PN ACT T RS I & R
PN TV R VT s

Pe3ynbTaThl NOBEPKU

y paboyux uamepuTeneHblX rnapocdoHos Tuna 3304,
| & 3HaueHus yyscTBUTENbHOCTU M pabounx nameputensHbix ruapodoHoB

[ Tun 3304-10 3304-0,1

Ne 112 125 24 41 28 12

YacroTa Mrr Mrr Mrr Mrr Mrr Mrr
My mBiMa mB/Ma mBilMa mBI/Ma mB/Ma mBIMa

. 1,25 0,08 0,08 0,08 0,06 0,07 0,06
; Ay = 3,15 0,26 0,25 0,28 0,22 0,24 0,21
6,3 0,87 0,87 098 - 0,76 0,84 0,66

12,5 3,3 3.4 38 - 3,0 33 26

20 6,6 69 . 6,9 6,2 6.4 56

31,5 9,1 92 421 8.1 % 8.8 8.9 8,2

63 10,3 1037 102 10,1~} 10,0 10,0

80 10,4 /104 | 10,3 10,2 10,2 10,1

3 125 104 | 104 10,3 10,3 . 10,3 10,3
il 250 10,4 10,4 10,3 10,3 - 10,3 10,3
315 10,4 10,4 10,3 10,3 : 10,3 10,3
500 10,3 L 10,3 10,2 = 10,2 10,2 4§ 10,2

800 10,3 10,2 10 10,2 10,2+ 10,2

1000 | 10,0 10. 550 5100 99 100 | 98

2000 9.8 98 10,0 i N 9.9 £ D5

3150 41 29,6 ED8 - 9.8 e B 10,1 8.9

4000 94 8.6 99 95 9.8 95

5000 7.0 8,2 9,1 7.5 6,8 6,6

6300 o 6,5 53 6,9 8.0 6,9

8000 63 B,1 62 ° 6.5 6.5 6,7

10000 6,3 * 35 48 5.6 6,4 41

12500 59 2.9 38 1 47 9,1 5:1

16000 85 59 6,6 6,3 7.8 8.4

Temnepamypa aodb Haxodunack & npedenax om 1500 19 C

[loBEepUTENbHAA OTHOCUTENBHAS NOTPELLHOCTS NOBEPKA (fbégyﬁp,oésm} npw
[AoBepuTenbHoi BepoaTHocT P=0,95 He npesbiiana 1,506, ©

MPUMEYAHUE. [lpu usme,d‘eﬁunx a2udpocghoH cnedyem opuén;ﬁupoaamb puckotl
Ha UCMOYHUK 38yKa. IS

4

MamepeHus NnpoBoauv

Moeeputens W B.A. Cmenos

MoeepuTens %\/V\ I1.®. Kocobponoea

[ata

R /50,
STV




MHHKNCTEPCTBO
TIPOMBILIIEHHOGTH k1 SHEPTETHIKH
POCCHFICKOW PEAEPALIVK

el PEAEPABHOE ATEHTCTBO
[10 TEXHMYECKOMY PET'Y(VPOBAHFIIO
M METPO(OI'MH
BHHH®TPH
PEAEPABHOE NOCYAAPCTBEHHOE
YHUTAPHOE NPEAIIPUATHE

) BCEPOCCHFCKHIA HAYYHO-UCCAEAOBATEABCKNI MHCTUTYT
PUBNKO-TEXHUYECKHNX M PAGMOTEXHUYECKMX M3MEPEHMHA %
Prvyrl BHMNMPTPHU

P 5T

O NMOBEPKE

Ne s5124-004-05

AefcTBUTEABHO A0
“ 05 " anpens 2006 .

o |
g Pl 20y
5 a)
; Cpenctso uamepennii  paboune uzmepuTeabHble rHapodoHbl THa 'Y i |
~ sasozckne Ne Ne 003, 004, 006, 018. 010, 008; ' Yo
T Cepusn u Homep. KneliMa npedbrdywel NOSEPKY (66U MaKue CEPUS U HOMED UMEIOMCS) 1t
¢ < pacCyYMTaHHBIE Ha AuanasoH Yactor 1,25 I'm+ 16,0 kl'; =9
- npunawiexaume LY “BHUNGTPU; o
6,. | NOBEPEHBI M HAa OCHOBaHHH DPE3YJILTATOB TIEPBHYHON (EPHOIMYECKOH) TOBEPKH ,4
" [pPH3HAHBI IPUTOAHBIMHA K NPHMEHEHHIO. s X

L

[ToBepuTenbHOE KiIeHMO T

Hawaneuuk naboparopun Ne 24 %49., C.®. Hekpuu - ._ ]
d S ¥ . ’ _
i o [Tosepurens %ﬂ.w. Kocobponora &

Jlara “*05” anpens 2005 r.

JAO dmpma” A0+ Mocrsa, 4522, 2004 r., yposens B Trp 14400

Page 105



Pe3ynbTathbl NOBepKU
pabounx usmeputenbHbix ruapodoHos Tuna M50.

* 3HaveHus yysBcTBUTENBHOCTU Mir pabouux uamepuTensHbIX ruapodoHoB
 npusepeHsl B Tabnuue.

Tun W50
Ne 003 004 006 018 010 008
YacroTa Mrr Mrr Mrr Mrr Mrr Mrr
My mB/Ma mB/Ma mB/lMa mB/Ma mBiMa mBIMa
1,25 0,24 0,24 0,25 0,24 0,24 0,028
3,15 1,24 1,23 118 1,20 1,18 0,06
6,3 52 53 46 = 5.2 5,0 0,17
12,5 19.4 19,7 4 16w 19,7 19,2 0,57
20 36,7 37,4 /333 i 3%6 37.1 1,09
31,5 46,3 474 | 445 47.8-—] 47,3 1,45
63 48,8 /50,0 481 49,7 - 50,1 1,56
80 493 50,1™ 48,5 498 | 503 1,56
125 50,0 /50,0 490 50,0 : 50,3 1,56
250 50,0 /] ; 50,2 49,5 50,1 50,3 1,57
315 50.05 14 50,3 49, 50,1 5031 1,57
s 500 50,0 50,1 49,8 . 50,0 50.4... - 1,58
800 | 495 50,00 | 493 50,0 50,0 "§ 11,56
SY: 1000 494 49 6 49,0 /495, |- 495 p1 55
2000 | 477 - 48,8 48,1 - 48,0 48,3 1,54
3150 | 437 | 494 46,3 46,3 477 %1.55
4000 48,8 52,6 50,5 51,1 50,8 1,62
5000 . 496 52 4 472 446 | 487 1,55
6300 50,0 81,9 479 | 483 | 478 1,59
8000 486 52,2 48,3 478 48,7 1,63
10000 45,9 50,1 469 44,9 47.4 1.53
12500 43,6 47,3 | 446 - 432 51,1 1,52
16000 46,7 492 435 446 48,3 1,63

Teunebamypa 800bI Haxodunack e npedenax om 15 agj i 9 C

.Eloaepmenuua’ﬁ-orﬁobmmnbuan NOrPELLHOCTL NOBEPKY (FPaayMpoBKU) Npu
AosepuTenbHoi BeposiTHoCTU P=0,95 He npesbiwana 1,5 AB. |

MPUMEYAHUE. [pu uameperusix 2uopoghoH cnedyem..opdéﬁ}nupoeamb puckod
Ha UCMmOoOYHUK 38YKa. : / y

Wamepexus nposogunu

Moeeputens ﬁyi@ﬂb (/Q B.A. Cmenos

Mosepurerns %‘/\ J1.®. KocobpopoBa

HaTta




MKIHKICTEPCTBO
[MPOMBILIAEHHOCTH K1 SHEPTETHIKH
POCCHFICROV PEAEPALIMH

PEAEPA(IbHOE AEHTCTBO
[10 TEXHMYECKOMY PEI'Y(IMPOBAHKIO
1 METPOAOI'MH
BHHHPTPH

PEAEPAIBHOE TrOCYAAPCTBEHHOE

YHUTAPHOE INPEAINIPUATHUE

) BCEPOCCHUFICKMHA HAYYHO-UCCAEAOBATE(BCKHNH MHCTUTYT |

i g[ ¥ ®U3UKO-TEXHHYECKHMX U PAGUOTEXHUMYECKHNX M3MEPEHHH
; PIr'yrli BHN®TPH

O MOBEPKeE

5/24-005-05

[eAcTBUTENBHO A0

“ 05 " anpens 2006 r.

j CpencTBo H3MepeHu
. sasozekme No Ne 015, 007, 023,012, 021, 017;

Cepus u Homep kneiima npedsidywed nosepKu rsc.".riu makue cepust U HOMep UMemcs)

& | | paccuMTaHHbIC HA JIMarna3oH 4acToT 1 DAY I'u 16, 0 kg
npunamiexauue SIYIL “BHUADTPI;

MOBEPEHbl M HA OCHOBAHMHM pe3yJbTAaTOB INEPBHYHOH (HEPHOAMYECKOH) IOBEpKH

| [IPU3HAHBI IPUTOHBIME K HIPUMEHEHHIO.

[ToBepuTensHOE KIEHMO 0 T 5

Hauansnuk naGoparopun Ne 24 /&49(__, C.®. Hekpuu
h = ! [loBepuTens : M'b. Kocobponosa
& Jlara “05” anpens 2005 r.
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PesynbTathl NoBepku
paboynx namepuTenbHbix rugpocoHos Tuna M50.

. 3HavyeHus YyBCcTBUTENbHOCTU Mir pabounx namepuTenbHbiX rMapodoHOB
. npuBegeHsl B Tabnuue.

Tun 1 rmso i
Ne 015 07 023 012 021 017
Yacrora Mrr Mrr Mrr Mrr Mrr Mrr
My mBiMNa mBIMa mB/Ma mB/lMa mB/Ma mBilMa
1,25 0,23 0,23 0,24 0,24 0,22 0,24
3,15 1,20 1,15 121 1D 1,10 1,21
6,3 Bl 48 w 52 . 46 45 52
12,5 18,9 1814 194 . 16,6 16,8 19,4
20 36,7 359471 366 T 333 34.1 37,0
31,5 47,3 46,7 | 459 448 47 .4 46,9
63 50,3 499 . 48,5 48,4 49,9 492
80 50,0 50 Ty 48,9 48,8 50,5 49 8
125 50,1 50,0 50,0 49,3 50,5 50,1
250 50,0 . 50,0 50,0 49,8 505 50,3
315 50,0 50,0 50,0 49,6 50,6 50,3
500 4900 50,0 50,0 495 50,5 50,1
800 50,0 50,00 | 495 492 50,2 50,0
1000 497 496 | 492 | 490, 50,0 49,4
2000 48,3 s 495 - 49,0 48,5 49,2
3150 " 50,2 41,5 51,2 48,9 48,2 ©50,1
4000 51,8 47,7 51,3 51,4 51,7 821
5000 51,9 47,9 471 484 | 484 51,0
6300 51,9 484 483 | 488 504 50,4
8000 518 - 478 47 1 50,7 51,0 51,0
10000 46,7 474 496 | 518 447 46,8
12500 497 46,7 ') 429 458 45,1 42,8
16000 47.8 454 464 | 541 491 52,0

Temnepamypa 6odbi Haxodunack e npqaéhax om 15090 19 C

[oBepuTensHas oTHOCUTENbHAS NOrPeLHOCTb nosepku _.(Egagyu'boaxm) npw
AosepuTtensHoi seposTHocT P=0,95 He npesbiwana 1,5 .qB o 4

MPUMEYAHWE. [lpu uamepenunx 2udpoghboH cneayem opueumupoeamb puckoll
Ha UCIMOYHUK 38YyKa.

WNamepeHun nposogunm

MosepuTenb MB B.A. Cmenos '
Moseputens NnNo. Kocoﬁpo,qoaa

LNata




®egepanbHOE rocyiapcTBEHHOE YHHTAPHOE NPeANnpHATHE
“Beepoccuiickuii HAYYHO-HCC/I€J0BATEIbCKHHA HHCTHTYT
(pu3HKO-TEeXHHYECKHX H PAAHOTEXHHYECKHX H3MepeHUul”

eoryi “BHUMOTPH”
IF'OCYJAPCTBEHHbLIA METPOJIOTMYECKUH LEHTP
T'IJIPOAKYCTHYECKHX U3MEPEHUI
I'MII'HA

141570, MockoBckas o1,
n/o Menneneeso, 'l BHUHOTPHU

CBUAETEJbBCTBO
O ITOBEPKE

Ne 17-06-2004

Heticmeumenvho 00
1 wons 20035 2.

CpencTBo u3Mepenuid, pabounit ruipodon Tuna 161
3aBojickou Ne 10,

npuHaanexauee @I'YIT “BHUUDOTPU ",

nosepeHo ¢ npumeHenuem PDO-2 « YITIA-100» NeO1,

Ha OCHOBaHUM Pe3yJIbTATOB NEPUOAUIECKON MMOBEPKH, TPU3HAHO MTPUTOI-
HBIM K IIPUMEHEHHUIO B KauecTBe pabouero ruipodoHa, rnpeaHazHa4yeHHOro [ist
M3MEPEHUs 3BYKOBOTO JaBJIEHHS B BOJHOW Cpell¢ B JMana3oHe 4acToT
1Ty +20000 I'.

I wionsn 2004 2

I'MIII'AU FHMT C.®. Hexpuu

BHUH®TPH o~
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Pesynbrarsl H3Mepenus dyBcruTensHOCTH M rujipodona tana ['61 3asoxckoit Ne 10 npn-

BeJieHs! B Tabnuie 1.

PesynbTare! nepHoM4ecKoi MoBepKH
ruapodona tuna ['61 3aBoxckoi Ne 10

Tabnuna 1

F, F,
nb nb
oTH. 1 MkBIla ru oTH. 1 mkB/la

70,60 63| 94,9
73,20 80 94,8
75,62 100 94,9
77,91 125 95,0
79,97| 160 95,03
81,73 200 95,07
83,8 250 95,07
85,57 315 95,05
87,33 400 95,10
88,81 500 95,10
90,22 630 95,01
91,37 800 95.0;‘
92,42 1000 951
93,10 1250

93,60 1600

94,1 2000

94,46 2500

94,57 3150

JloBeputenbHas OTHOCHTENBHAS TOTPEMIHOCTE TOBEPKH MPH JOBEPUTEILHON BEpOsT-

Hoctu P=0,95 e npepsimaer 1,0 ab.

H3bertounoe cratayeckoe gasnerne 0,1 MIla.

Temneparypa BoJibI IPH H3MEPEHHAX HaXOHumach B npeaenax 15 + 1,0 °C.

[TPHMEYAHHE Hozpewnocmy 2padyuposku 2apanmupyemcs moivKo Hd 4acmomax
U OasNeHUusAx, yxasammx & ceudemeﬁbcmee 0 nOGepPKe.

W3mepenus npoBoun

TMoseputens %“
. 3

J1.®. Kocobponosa

PeaynbTaThl H3MepeHHs TyBCTBHTENHHOCTH M
ruapotona Thna ['61
3aBojIckoii Ne 10

[Tponomienue Tabmuis 1.

F, M, b F, M, nb

Kl'y mB/Ma | otH. 1 mkB/Ma | «kly mB/Ma | otH. 1 mkBIMa
1 57,1 95,1 5 51,3 94,2
1,2 56,6 95,0 6,3 38,1 91,6
1,6 57,1 95,1 8 33,0 90,4
2 56,8 95,0 10 31,7 90,0

2, 56,0 94,9 12,5 33,0 90,
3,1§| 55,6 94,9 16 50,0 93,:'

55,7 94,9 20
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®enepanbHOE rocy1apcTBEHHOE YHHTAPHOE NpeANPHSITHE
“BcepoccuiicKuii HAYYHO-HCC/Ie10BATEIbLCKHH HHCTHTYT

(PH3HKO-TEXHHYECKHX H PAJIHOTEXHHYECKHX H3MepeHHH”’

DOyl “BHUUAPTPH”
IOCYJIAPCTBEHHBINI METPOJIOTMYECKHI [EHTP
THIPOAKYCTHYECKAX U3MEPEHUIA
rMITHA

141570, MockoBckas 06.1.,
n/o Menaeneeso, I'll BHUU®OTPHU

CBUAETEJBCTBO
O IIOBEPKE
Ne 19-06-2004

Heticmeumenvno 0o
1 wrons 2005 2.

CpencTBo u3mepenwuii, pabouunii rugpodon Tuna 61
3aBoackou Ne 13,

npunamnexamee @I'YIT “BHUUDOTPU ",

nosepeHo ¢ npumeHeHuem PO-2 « YI'TIA-100» NeO1,

Ha OCHOBaHHH pPE3YyJIbTATOB nepuonuqecxoﬁ [TOBEPKH, I[IPU3HAHO I[IPpUTO/1-
HbIM K NPUMEHEHHUIO B Ka4Y€CTBE paﬁoqero mnpotbor{a, npeaHasHa4YeHHOro AJis
U3MEPEHUA 3BYKOBOI'0O  HaBJICHHUA B BOJHOM cpeage B aHanasoHe 4acToT
1 I'm +20000 I .

[ wions 2004 2

HauansHuk nabopatopuu Ne 24 b
I'MLI'1 C.®. Hekpuu

BHIM®TPH
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Pe3yJibTaThl NEPHOMYECKOIl TOBEPKH
runpodona Tuna ['61 3aBoackoit Ne 13

PesynbTaThl H3MEpEHHs dyBCTBHTENBHOCTH M ruapodona tana I'61 3aBojackoit Ne 13 npwu-
BeJieHb! B Tabmne 1.

Tabaumna 1
F; F,
M, AbB M, nb
rl.l mB/lMa oTH. 1 mkB/lMa I'u mB/lMa oTH. 1 mkBl/la

1 3,97 71,98 63 54,41 94,71

1,2 5,13 74,20 80 54,23 94,68

1,6 6,71 76,53 100 54,5 94,73

2 8,69 78,78 125| 54,78 94,77

2 10,82 80,68 160 54,81 94,78

3.1 13,73 82,7 200 54,48 94,72

17,29 84,76 250 54,56 94,7
21,29 86,56 315 54,5 94,7

6,3 25,55 88,1 400 54,6 94,75

8 30,6 89,73 500 54,2 94,69

1 35,68 91,0 630 54,01 94,65

12, 40,18 92,08 800 54,8 94,78

16 44,53 92,97 1000 54,13 94,67
20 48,59 93,73 1250
25 51,?ﬁ 94,28 1600
31, 54,5 94,7 2000
40 54,66 94,75 2500
50 54,22| 94,68 3150

,Ilosepmenbuas: OTHOCHTEJIbHASA MOTPELIHOCTD IMOBEPKH IIPH JOBEPHUTEILHOMN BEPOAT-

nocta P=0,95 ne nmpessimaer 1,0 ab.
H36wrTounoe cratuyeckoe nasienue 0,1 Mlla.
Temneparypa Bo/ibI Iy M3MEPEHUSIX HAX0HiIack B npejenax 15 + 1,0 °C.

IIPHMEYAHHE Iozpewriocms 2padyuposku 2apanmupyemecs moibKo Hd 4acmomax

U daereHuAXx, VKAa3dHHbIX 6 ceudemenbcmee o noeepke.

M3mepenust npoBOIAI

ruapodona tuna ['61
3aBojickoit No 13

JL.®. Kocobponosa

[Toeepurens s
e o

PesynbraThl n3MepeHHs 9yBCTBUTENLHOCTH M

[Ipopomxenue Tabnuiis 1.

F, M, nb F, M, nb

k' mB/Ma || otH.1mkB/Ma | klMy mB/lMa | otH. 1 mkB/la
1 54,1 94,6 5 35,7 91,1
1,2 54,2 94,6 6,3 28,2 89
1,6 54, 94,7 8 29, 89,

2 54,5 94,7 10 29,3 89,
2, 54,8 94,7 12,5 30,1 89,6
3,15 54,3 94,7 16 421 92,5

54,6 94,71 20

Page 112



@© Valeport Limited

EQUIPMENT CHECKLIST

Serial No. c‘.)v‘(’:\
Customermanne L. Corganyy -
B

Model No. ‘b\)%m%&%—-
Con NUMDEF: ... N ORRDn 2evesnnisecesens
Customer Refs:)’s\\\\\\

e e e SR e
Calibration Cert.: &.=. NS\

ITEM

Quantity Serial Number Initials

Hardware

Model SVXtra Sound Velocity Profiler

1 PSS ,,Zf

1.5v alkaline cells fitted

Zinc anode fitted

Stainless steel deployment frame 1
3mY Lead 1
Switching Plug 1
Tools and Accessories Kit 1

b

Signal cable on hand reel ( m)

Transit Case

Software

DataLog 400 CDROM

MW - G .

Documentation

Operating Manual

Calibration Certificate Enclosed

SIGNED

Ny
DATE Sy Qe

Model SVXtra Combined CTD & SVP Operating Manual

Section 1, Page 13

0650816a.doc
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Calibration and Instrument build record

Valeport Ltd. Dartmouth, Devon, UK

[

Calibration certificate number 14156
Instrument type SVExtra
Serial number 21001
Communications set up ex-factory RS232
Baud rate set ex factory | AUTO
Main micro software version & Date 0400703V| 15/05/2003
|
PCBs Part Version Ser No
PSU 1 0400501 [+] 9660
PSU 2 0400502 Cc -9768
Micro 0400500 D 10474
RAM 0400511 c 8460
Flash Memory & Size 0400506 Cc 8646 8|Mbyte
Press/Temp 0400507 D 10053
SVP 0650500 Cc 8610
Conductivity 0400507 B 7619
Conductivity 0400505 B 10107
Redox 0400517 A N/A
Do 0400517 A N/A
Ph 0400517 A N/A
Turbidity 0400517 A N/A
FSK Line 0400521 B N/A
FSK Micro 0400520 B N/A Code
Calibrations for each sensor/PCB are on separate sheets, with filenames defined by the PCB serial number
Name A PJT
Date ~ AT 03
/4
Signed YA
/4
/4
/
21001B400 Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards 11/07/2003 08:45
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Sensor Calibration Record

CONDUCTIVITY

Valeport Ltd

No. of Conductivity PCBs |2 v| GaNbration Exuipment used
400 PCB 7400 PCB Conductivity sensor Instrument Type Serial No
Serial no.[7619 Serial no.[10107 Serial no.[10905 Mutimetar HP34401 US36049071
Part no.|0400507E Part no.| 04005058 Type|62R Decade Box Hatfield 2001 51262
Firmware|0400702F Temp Bridge ASL -F26 14005
PRT S17915/A T25/62 X18B4ANTE MASB3
Module address set 10 Autosal 84008 85741
Stage 1: Circuit Calibration with Resistance Loop
(Decade box | Measured Counts TR Polynomial fit for 1/R Polynomial calculations
setting Resistance
Ohms [Through coll] nnnn 1/Ohms Calc 1/R from 1/R Error | Calc.Cond. from | Cond. Error [Calc-] Acceptable Error Pass/Fall
Ohms Order >>>> 3 polynomial output | [Calc - Actual]| final polynomial | Actual] mS/cm
62 62.557 36097|  0.0159854]  Parameter Value 0.015985292| -1.2044E-07|  83.28000493 -0.001| $0.01 Pass
70 70.767 32829|  0.0141309) a0 4639238E-04]  0.014131227| 3.46685E-07|  73.62071684 0.002]  :001 Pass
82 82570 28295  0.0121109) al 4.431983E-07 0.012110719| -21739E-07|  63.09429499 0001 2001 Pass
99 99,678 23628  0.0100323) a2 4777838E-14 0.010032366| 6.15219E-08)  52.26651218 0000 001 Pass
124 124.590 1a11s|  0.0080263] a3 -1.7238206-19]  0.008025844| -4.81857E-07|  41.81295999 0.003]  $001 Pass
165 165.530 14657]  0.0060412] 0.006041755| 5.54022E-07|  31.47627154 0003 1001 Pass
248 248 480 10117]  0.0040245| 0.004024625| 1.5642E-07|  20.96744987 0.001] 0,01 Pass
496 496.930 5583|  0.002012 0.002011912| -4.44308E-07,  10.48163561 0002f  $0.01 Pass
AR 1047] O - 1.56997E-07| 1.56997E-07)  0.000817923 0.001 £0.01 Pass
E polynomial fit from graphlm cell D21 y = -1.723829E-19x3 + 4.777838E-14x2 + 4.431983E-07x - 4.639238E-04
| | | | 1
Stage 2: Cell Gain determination and Conductivity polynomial fit Stage 5: Check readings after calibration entered
[Autosal temp | [ “CIPTS 68] 30 Polynomial fit for Conductivity 3 S nbath | In air
Double from Autosal 2.24917 Order 3 Autosal temp °C [IPTS 68] 30
Autosal Salinity PSU 39.97350 a0 -2.416945E+00| Double from Autosal 2.24917
Bathtemp | ‘c[IPTss0] | 15.3130 at 0.00230897|Salinity PSU 39.97350
| Conductivity from Salinity mS/cm 48.65593 a2 2.48915E-10| Bath temp °C [IPTS 90] 16.3130]
[Bath Salinity (Check) PSU 39.97350 a3 -8.98079E-16| Cond. from Sal. mS/cm 48.65593] 0.000]
Counts from instrument 22071 |Bath Salinity PSU 39.97350] Name PJT
Calc.1/R from Counts & Poly i 1/Ohms | 0.009339327 |Rdg from instr. mS/cm 48.652] 0.008| Date 10.07.03
Cell Gain [Conductivity per 1/R] 5209.789453) Error [Rdg - Act] mS/cm -0.004} 0.006 /
Acceptable Error +0.01  [pass |Pass /
| l /4
Stage 3: Enter calibration string: #024.10:1:15.0,000000¢+00;0.000000e-+00;-8.980786¢-16,2.4891 53e-10;2. 308970e-03;-2. 416 Signed [#7=
Stage 4: Enter Gain and Offset values: #035;10;1;500;-20000 1/
4

COND7619

Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards

11/07/2003 08:45
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Sensor Calibration Record Sound Velocity © Valeport Ltd
Instrument Serial Number 21001 Calibration Equipment used
Transducer Type, mm 100 Instrument Type Serial No
Transducer Ser No 10903 Temp Bridge ASL - F26 14-005
PCB Part No 0400524A PRT S17915/A T25/62 X19B4A/TE MA/S3
PCB Ser No 8610
SV Firmware Version 1.05
True SoS from Calc SoS from Error Acceptable
Stage 1: First order fit Temp e DGM Measured ToF | Coefficlents |~ etficients | (Calc-True) |  Ermor i
degC90 degC68 m/s nsec*100 m/s m/s m/s
2.0063 2.0068 1412.265 14210996| 7.377900E+04 1412.265 0.000 +0.001 Pass
16.3318 15.3355 1467.100 13682594 5.008641E+06 1467.100 0.000 +0.001 Pass
Stage 2: Enter calibration string #024,12;1;15,0,0,0,0,5.008641e+06;7.377900e+04
Temp Temp Actual SoS | Measured SoS | o E™ 5% | Acceptable Error| Pass/Fail
Stage 3: Check point Reading-Actual
degC90 degC68 mis m/s m/s m/s
16.3295 15.3332 1467.092 1467.082 0.000 +0.005 Pass
Date: 08.07.03
Name: /f 7 PJT
signature:  { /7
L
B650CALworksheet8610 Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards 11/07/2003 08:46
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Sensor Calibration Record PRESSURE Valeport Ltd

PCB Serial no. 10053 Pressure sensor Calibration Equipment used
Part no. 0400507E Type PDCR 4000 Instrument Type Serial No
Firmware 0400700K Serial no. 1599575 DWT Budenburg 480L/24175/31TE/3295
Module address set 20 Tx Range 600|dBarAbs Barometer F Darton J 665
Set Tx Range 1000|dBarAbs
Stage 1: Determine Local pressure conditions
Air temperature 27.2 degC
Grid reference 286362 East, 051466 North
Height above sea level 122 metres
Local Gravity | 9.81095 M/sec”2
Gravity standard for barometer 9.80665 M/sec*2
Atmospheric pressure 761.700 mmHg
10.1146 dBar
Stage 2: Obtain Calibration data and Polynomial fit
Deadweight | Deadweight | Atmospheric | Counts Total pressure _Folynomial fit for raw data Polynomial calculations
weight pressure Pressure (nnnn)
Calc Press from Press Error [Calc - Actual]
absolute Order >>>> 2 poly. output _ .
dBar dBar dBar nnnn dBarA Parameter Value dBarA dBar %FS Acceptable Error [ Pass/Fail
0 0.000 10.115 3403 10.115) a0 -6.567846E+01 10.136 0.022 0.0024 +0.1 Pass
200 200.127 10.115 12386 210.241| al 2.228041E-02) 210212 0.029 -0.003 0.1 Pass
400 400.253 10.115 21375 410.368) a2 -4,865529E-10 410.343 0.025 -0.002| +0.1 Pass
600 600.380 10.115 30370 610.494 610529 0.034 0.003| 0.1 Pass
800 800.506 10.115 39365 810.621| 810.636 0.015 0.001) 0.1 Pass
1000 1000.633 10.115 48363 1010.748| 1010.731 £0.017 -0.00 $0.1 Pass
Enter polynomial fit from graph in cell E27 |y = -4.B65529E-10x2 + 2.228041E-02x - 6. 567846E+01
Stage 3: Enter calibration string: #024,20,1,15,0,0,0;-4.865529¢-10;2.228041e-02,-6.567846e+01
Stage 4: Enter System Gain & Offset: #035,20,1;40,-20000
Stage 5: Post Calibration Check
Deadweight | Deadweight | Atmospheric | Measured | Total pressure Error [Reading - Actual]
weight pressure Pressure pressure -
dBar dBar dBar dBarA dBarA dBar A8 Arocpiable Erme] — Paestdl
0 0.000 10.115 10.150 10.115 0.035 0.004 +0.1 Pass
200 200.127 10.115 210.325 210.241 0.084 0.0 +0.1 Pass Name PJT
400 400.253 10.115|  410.500 410.368 0.132 0.013 +0.1 Pass Date _ 7 | 09.07.03
600 600.380| 10.115| 610575 610.494 0.081 0. +0.1 Pass /4
800 800.506 | 10115 810725 810.621 0.104 0.01f £0.1 Pass V//4
1000 1000.633 10.115|  1010.700 1010.748 -0.048 -0.005 0.1 Pass Signed
|
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Sensor Calibration Record TEMPERATURE Valeport Ltd
PCB Serial no. 10053 Temperature sensor Calibration Equipment used
Part no. 0400507E Type PRT Instrument Type Serial No
Firmware 0400700K Serial no. N405 Temp Bridge ASL-F26 14-005
Thermistor Type DS18B20 | ¥ PRT S17915IAT26/62 |  X1984AATE MAS3
Modus address set 20
1
PCB internal temperature calibration
Stage 1: Obtain PCB temperature calibration data
PCB therm Best fit ) Normalised
readg. Output counts | Best fit siope|  intercept Correction formula counts [20] Reading Temp
degC [internal] Times 10 counts counts degC
5 35142 -0.231|  35143.651|Gain = 0.231 23 35139 35141 25
26 35139 Offset = -3.468 -347
38 35134
Stage 2: Enter calibration string: #085,20,23.-347
l |
PCB/Sensor calibration
Stage 1: Obtain Calibration data and Polynomial fit
Counts | Bath temp Polynomial fit for raw data Polynomial calculations
Calc Temp | Temp Error
from | [Calc - Actual]
Order >>>> 2 polynomial
output
nnnn DegC [90] Parameter Value DegC [90] DegC [90] | Acceptable Error Pass/Fail
24404 2.053 a0 -2.189302E+01 2,053 0.000f]  +0.005 Pass
37860 15.324] al 9.779915E-04 15.324| 0.000]  :0.005 Pass
57497 34.778] a2 1.330186E-10 34.778 0.000]  $0.005 Pass
Enter polynomial in cell E27 y = 1.330186E-10x2 + 9,.779915E-04x - 2.1B8302E+01
Stage 2: Enter calibration string: #024,20,2,15;1,0,0;1.330186e-10,9.779915¢-04,-2.189302e+01
Stage 3: Enter System Gain & Offset #035;20.2;1000;-20000 Name PJT
| | Date 09.07.03
Stage 4: Post Calibration Check Reading | Bathtemp | Error [Reading-
Actual] A
DegC[90] | DegC[90] | DegC[s0] | Acceptable Ermor | Pass/Fai ///
34.777 34.780 0003] 0005 Pass Signed [/

TEMP10053A

Calibrated to Valeport's procedures using test equipment with calibrations traceable to NAMAS or national standards

11/07/2003 08:46
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Appendix B - AUAR Instrument Tests.

Instrument Tests for Autonomous Underwater Acoustic Recorder (AUAR)

General performance and calibration tests can be conducted on the equipment to verify
consistent performance from recorder to recorder and to calibrate the response of each unit.
This can be accomplished with a low distortion sine wave oscillator (if available, otherwise a
regular sine wave oscillator may be used), and a rms voltage meter or oscilloscope. In
general, all units should have the same response. The equipment specifications are listed

at the end of the document; all units should meet these specifications.

System Noise Tests

At the connector where the hydrophone typically mates to the unit, terminate the two pins
with a 'short' or a small resistor (the resistance should be approximately equal to the
effective output impedance of the pre-amplifier), record data for 30 to 60 seconds.
Software analysis should produce rms and DC Offset results along with a spectral analysis.
The noise characteristics and levels for all recorders must meet the instrument test

specifications.

System Dynamic Range

20 Hz, 200 Hz, 500 Hz, 2 kHz and 5 kHz oscillator signals can be generated, set (using the
RMS meter or oscilloscope) at the maximum input signal level of the preamplifiers, to
determine an approximate dynamic range of the recorder. The signal should be input prior
to the first pre-amplifier. The signal level will be increased in 10 dB steps from the minimum

input signal level to the maximum®, and data will be recorded for 300 seconds.

8 One possibility is to use a calibrated attenuator with 10 dB steps inserted between the test oscillator and the
pre-amp input. The output of the oscillator can then be set initially at a voltage above the expected dynamic
range limit and the attenuator stepped down in -10 dB steps to check the pre-amp linearity and distortion as a
function of input level. Conversely, the attenuator can be set to provide an input level within the accepted
dynamic range of the pre-amp and the attenuation reduced in 10 dB steps to check the overload
characteristics of the pre-amp.
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If possible the oscillator should be connected to all of the recorders at the same time using a
spider cable. The recorded data should be a smooth sine wave, not clipped or distorted at
the peaks. Software analysis should produce approximately the same rms values as
measured on the rms meter or the same peak values as viewed on the scope. Use the best
rms record and the System Noise record to determine the System Dynamic Range. A
spectral analysis should show the oscillator signal fundamental and very small harmonics (if
any). If harmonics are high then either the signal is clipped or the oscillator is not low
distortion. A distortion analysis can be made with software to see the quality of the recorded
test signal. All units should have about the same peak levels and should meet the

instrument test specifications.

System Filter Response

The amplitude response of the system can be verified and aliasing identified using an
oscillator with fixed frequencies throughout the pass band. (5, 10, 20, 100, 500 Hz, and 1, 2,
3,4,5,6,7,8,9,10,10.1,10.3, 10.5, 11, 12, 13, 14, 15, 15.1, 15.3, 15.5, 16, 17, 18, 19, 20
kHz). The signal should be input prior to the first pre-amplifier and data recorded for 60

seconds. Also record a 300-second record with a broad band white noise input signal.

The tonal signal tests need only be conducted once per unit; the combined results from the
tonal signal test and white noise test will be used to define a filter response for each unit.
This filter response will be compensated for as the data is processed. The white noise test
is the standard filter response test. If the system filter response does not replicate the initial

tonal signal test a further tonal test should be conducted.

For both of these tests if possible, pulse all recorders at the same time using a spider cable.
Spectral results from these tests should be used to determine the amplitude responses of all

the recorders.

Cross-calibration Tests

All recorders should be cross-calibrated at the beginning and end of the program. If
significant changes are made to a recorder or recorders they should be cross-calibrated with

an unchanged recorder of the same type when possible.
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Test Schedule

All recorders should have a full set of instrument tests prior to initial deployment and at the

end of the program. These tests should be written to disc.

Before and after each deployment of a recorder the gains, sample rates and key recording
settings should be evaluated and written to disc to ensure parameter stability. A new set of
instrument tests (not including a cross-calibration test) should be recorded before each

deployment.

Instrument tests should be primarily evaluated in the range from 1Hz to 15kHz.
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Appendix C - Cross-calibration Results.

At the start of the 2005 expedition a cross-calibration of all 16 AUARs as well as the two
digital and four analog sonobuoys used on the Academik Lavrent’ev and Academik Oparin
for the 2005 field program was conducted on the Academik Lavrentev. All AUARs and
sonobuoys were calibrated by comparing the synchronous spectra of broadband and tonal

signals generated by the Academik Lavrent’ev and the HF broadband sound transducer.

The field cross-calibration was conducted by tying a number of hydrophones together in a
bundle (Figures C.1 and C.4), and deploying them from the Academik Lavrent’ev at a depth
of 10-15 m while it was drifting in greater than 30 m of water. The hydrophones were
divided into groups due to the large number of hydrophones being calibrated and the
potential for crossfeed between the sonobuoys during cross-calibration due to the close
proximity of the units. One digital sonobuoy DRB-D.2 was used as a control for all the
groups. The AUARs and sonobuoys on the Academik Lavrent’ev synchronously recorded
the signals from these hydrophones. The purpose was to simultaneously record the same
signal on all the units, allowing the relative calibrations of the AUARs and sonobuoys to be
confirmed®. Data was recorded using the operational configurations for the equipment. All
spectra were corrected for amplitude and frequency (using the instrument response of each
system determined by instrument tests in the laboratory), so the absolute acoustic level of

the signal was calculated for the specified frequencies.

Figure C.1 shows how the cross-calibration was conducted on 16 AUARs and one digital
sonobuoy (DRB-D.2) and gives a spectral density G(f) plot illustrating the results of the
cross-calibration in the frequency range from 5 to 2000 Hz. Figure C.2 displays spectra

showing the results of the cross-calibration of the 16 AUARs from 5 Hz to 15 kHz.

Analysis of the acoustic field measurements made with the 16 AUARSs indicate that in the
frequency band 1-600 Hz there is clear narrowband noise generated by the Academik
Lavrent’ev and at frequencies greater than 1 kHz the acoustic field is dominated by the

noise signal from the broadband transducer.

% These cross-calibrations allowed the amplitude response (with frequency) of the analog circuits of the
AUARs and sonobuoys to be compared with the laboratory measurements. They also allowed the calibrations
of the hydrophones to be confirmed.
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Cross-calibration (16 AUAR+DRB), 5 min
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Figure C.1 — Cross-calibration of the 16 AUARs and one digital sonobuoy on the Academik

Lavrent’ev.
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G(f,t), Cross-calibration, 16 AUAR, 2 min

dB re 1 mkPa Hz
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Figure C.2 - Cross calibration analysis - Spectra of signals generated by the Academik
Lavrent’ev as well as a broadband transducer and synchronously measured by the
sixteen AUARSs (after instrument response [amplitude-frequency] correction).
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Since the acoustic energy is not evenly distributed throughout the frequency band,

calculations of the relative errors for the 16 AUARs were made in the following frequency
bands: 10-100 Hz, 100-2500 Hz, and 2500-14500 Hz.

Table C.1 is a statistical analysis of the cross-calibration data showing the relative errors in

the acoustic field measured by the 16 AUARs and one digital sonobuoy (DRB-D.2) during

the cross-calibration; the results were calculated using the following methodology:

1.

For each AUAR the integrated power spectral density for the specified frequency
band [dB] is calculated using Equation (C1):
f2
D,(Af)) = 10Iog( j G,(f)df} (C1)
f,

Where:
i is the AUAR number,
J is the frequency band number,
Gi(f) is the power spectral density of the acoustic field measured by AUAR i at

frequency f (Figure C.2),
f1, i are the limits of the frequency band j in which the comparative analysis is

performed.
Af}' is f2 - f1
The average value [dB] of the spectral density within the frequency band for n
AUARSs/sonobuoys is calculated using Equation (C2):

_ 2.Di(af)

D(Af)=—1—— (C2)

n

Where:
n is the number of AUARs/sonobuoys in the group
The relative error for AUAR number i in the frequency band Af; is calculated using

Equation (C3):

0" =|D,(Af,) - D(AF,) (C3)

i




Table C.1 - Cross-calibration - statistical relative error analysis in the frequency
bands 10-100 Hz, 0.1-2.5 kHz and 2.5-14.5 kHz.

0;(4f;) [dB]
Af, Af, Af,
fi=10 Hz fi =100 Hz fi = 2500 Hz
AUAR # f> =100 Hz f, = 2500 Hz f> = 14500 Hz

1 2.9 0.24 1.21

2 1.5 0.16 1.01

3 1.7 0.06 1.21

4 1.4 0.06 0.41

5 1.5 0.14 1.49

6 1.7 0.16 2.69

7 0.9 0.26 0.49

8 2.1 0.14 0.99

9 1.6 0.14 0.99
10 2.6 0.04 0.39
11 2.1 0.04 0.41
12 1.0 0.14 0.89
13 1.1 0.34 0.19
14 0.8 0.06 1.91
15 2.7 0.06 2.21
16 0 0.46 0.81
Mean 1.6 0.156 1.14

DRB-D.2 2.3 0.34

Figure C.3 displays spectra of acoustic noise generated by the Academik Lavrent’ev and
tonal signals generated by the HF transducer. These signals are measured approximately
synchronously by the radio transmission and recording channels of a T-AUAR. Precise
synchronization is not possible between acoustic data recorded by an AUAR and data
arriving via its radio link. Analysis of power spectral density levels for these narrowband and
tonal signals gives a calibration error between the two channels of less than 3 dB at infra-

low frequencies and less than 2 dB in the frequency range from 200 to 2000 Hz.
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130- 2 Cross-calibration AUAR-16 (Ku=2) + Radio (Ku=1.4),
4 dB re 1 mkPa/Hz :
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Figure C.3 - Cross calibration analysis between the direct and radio transmission
channel of an AUAR - Spectra of signals generated by the Academik Lavrent’ev and a
broadband transducer (after instrument response [amplitude-frequency] correction).
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As can be seen the maximum absolute error for any AUAR from the mean is 2.9 dB in the
frequency band from 10 to 100 Hz and less than 0.5 dB between 100 and 2500 Hz*. This
is within the expected relative error limits for the equipment and the absolute calibration of

the data was therefore confirmed.

The greatest difficulties encountered in cross-calibrating the sonobuoys were the crosstalk
between the radio transmitters of the sonobuoys when in close proximity and the influence
of currents and surface waves on the recorded data. The crosstalk can be seen in the
distortion of the spectral highs and lows. High currents and surface wave conditions can
cause movement of the hydrophones and cable, with a resulting increase in the levels of the
flow noise spectral components. Cross-calibration was therefore conducted in calm weather

with low current conditions.

The field cross-calibration was conducted by tying all the hydrophones together in a bundle

(Figure C.4), which was deployed from the Academik Lavrent’ev at a depth of 15 m.

The sonobuoy transmitters were separated as far apart as possible to minimize crosstalk.
The power plant on the Academik Lavrentev served as the acoustic source for the
frequency range from 10 to 500 Hz. A broadband transducer, which generated white noise
and tonal signals in the frequency range from 600 Hz to 6 kHz, was used for cross-
calibration at higher frequencies. The synchronous sonobuoy signals were input to the
computer through the National Instruments eighth-order low-pass elliptic filter described in
Chapter 3. To reduce the crosstalk between the sonobuoys the cross-calibration was
performed in three groups. In the first was analog sonobuoys ARB-1, ARB-2, ARB-3 and
digital sonobuoy DRB-D.2, in the second was analog sonobuoy ARB-4 and digital sonobuoy
DRB-D.2, and in the third were digital sonobuoys DRB-D.1 and DRB-D.2.

% The highest errors were due to the low level of the calibration signal at low frequencies.
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Figure C.4 - Cross calibration of analog sonobuoys, digital sonobuoys and AUARs on the
Academik Lavrent’ev.
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G(f), Cross-calibration, DRB-D.2 and ARB-1, ARB-2, ARB-3
dB re 1 mkPa /Hz
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Figure C.5 - Cross calibration analysis for analog sonobuoys ARB-1, ARB-2, ARB-3 and digital
sonobuoy DRB-D.2 (green) in the frequency range from 5 Hz to 5 kHz - Spectra of signals

generated by the Academik Lavrent’ev (after instrument response [amplitude-frequency]
correction).
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2 G(f), Cross-calibration, DRB-D.2 and ARB-4
dB re mkPa /Hz
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Figure C.6 - Cross calibration analysis between: (top) digital sonobuoy DRB-D.2 (green) and analog
sonobuoy ARB-4 (pink) in the frequency range from 5 Hz to 2.5 kHz using signals generated by the
Academik Lavrent’ev; (bottom) digital sonobuoys DRB-D.1 (pink) and DRB-D.2 (green) using low
frequency tonal signals (after instrument response [amplitude-frequency] correction).
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o,(Af;) [dB]

Af, Af,
fi =10 Hz fi =10 Hz
Sonobuoy # MHz f, = 2500 Hz f, =5000 Hz
ARB-1 171.5 1.35 1.62
ARB-2 170.3 1.55 0.02
ARB-3 172.7 0.56 1.6
DRB-D.2 0.76

Table C.2 - Cross-calibration - statistical relative error analysis for the first group of

sonobuoys in the frequency bands 10-2500 Hz and 10-5000 Hz.

o,(Af;) [dB]
Afy
f, =10 Hz
Sonobuoy # MHz f, = 2500 Hz
ARB-4 176.325 0.29
DRB-D.2 0.29

Table C.3 - Cross-calibration - statistical relative error analysis for the second group

of sonobuoys in the frequency band from 10-2500 Hz.

o,(Af)) 1dB]

A,

fi =10 Hz

Sonobuoy # f, = 800 Hz
DRB-D.1 0.29
DRB-D.2 0.29

Table C.4 - Cross-calibration - statistical relative error analysis for the third group of

sonobuoys in the frequency band from 10-800 Hz.
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Appendix D - Methodology for Normalizing and Analyzing the Acoustic Data.

The AUARs record a discrete time series that allow the temporal, spectral and spatial
properties of the acoustic field to be analyzed. The data was normalized and corrected

using the following algorithms®:

1. Normalization of the raw data:

A= [uPa) (D)
SH |](U
Where:
A is the amplitude of the sample [uPa]
V- is the output voltage from the ADC [mV]
K, is the system gain®

)

, Is the sensitivity of the hydrophone @ 1 kHz [mV/pPa].

2. To calculate energy and power spectral density estimates:

For a digitized pressure time series:
p@iAt) , i=0,M-1 [uPa] (D2)
Where:
M is the number of samples
T is the length of the time series (seconds)
At is the sample interval (seconds)

A. Calculation of the energy spectral density within the analysis window T:
E(KDf) = 208%| Py (O [(uPa/Hz)?] or [uPa’8/Hz])®' (D3)

Where:
N =—— is the frequency step (Hz
Y MAt g y P (Hz)

8 All programs for normalizing, correcting and averaging temporal and spectral data were tested. These tests
used calibrated broadband and tonal signals transmitted from the hydrophone input to the output of the
frequency discriminator of the radio-receiver, as well as the point where data from the ADT is input to the PC.
% Because the instrument responses and calibrations are estimated in the frequency domain the correction of
the data to absolute spectral values is normally performed in the frequency domain after the power spectra
have been computed.

" The FFT is a 1-sided FFT (k=0, ..., M/2)

2n practice the number of samples input to the FFT are 16384 for the 20 kHz sample rate and 32768 for the
30 kHz sample rate.
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The FFT algorithm should be tested to ensure it satisfies Parsevals theorem:

M2

Z PO = Y B (D4)

In order to satisfy Parsevals theorem there must be compensation by Af otherwise

the energies will not sum properly. In this way if the FFT is presented with a time

window different than 1 second it will compensate for the window length®®.

B. Calculation of the power spectral density (energy normalized to a 1 second window):
GUkD) = %E(kAf) [UPa%/(s Hz)] or [uPa?]  (D5)

C. Conversion of the spectra to a logarithmic scale:

E,(kOf) =10Log2 +20Log(Al|P,,. (kOf))  [dB re 1 pPa/Hz]** (D6)

G (kOf) = E , (kO) —10LogT [dB re 1 uPa?/(s Hz)]*® (D7)

D. Calculating average energy and power spectral density estimates over a window of
length NT seconds by averaging spectra computed in consecutive non-overlapping

windows of length T:

E(kAf) = 2]sz : ﬁ]pm (k)| [(uPa/Hz)?] or [uPa%S/Hz] (D8)
G (kD) =%E(kAf) [WPa%(s Hz)] or [uPa?]  (D9)
G (k) = %iG(kAf) [UPa%/(s Hz)] or [uPa®]  (D10)

% For this calculation it is required that the FFT is scaled so that the output of a unit spike is unity at all
1
FFT(O(¢))

% The window over which the energy estimate is calculated should be defined.
% The -10 logT correction allows power spectral density estimates to be calculated over longer windows for
statistical stability.

frequencies. The scalar § = should be applied to ensure correct scaling of the FFT.
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Although the units for power spectral density are pPa®(s Hz), pPa%s/Hz or pPa?, it is

common usage to define the units for power spectral density as uPa?Hz or pPa/VHz.

E. Calculating the integrated power spectral density (sound pressure level) for a given

frequency range:

f
D(Af) =10Iog[J'G(f)de [dB re 1 pPa?] (D11)
fy
Where:
f1, f> are the limits of the frequency band over which the spectrum is integrated.
Af is f2 - f1

Analyzing Transmission Loss (TL) data

The main objective of the TL studies was to find the TL along defined acoustic profiles.
Thus allowing a better determination of the acoustic propagation in the study area and a

calibration of the acoustic models.

The TL determined in the experiments was the decrease in the Intensity of acoustic
pressure measured between the AUAR location and a reference value. The reference
value used in these studies was the Intensity measured at 1 m from the transducer®. The

TL values are expressed in decibels and are determined using Equation (D12):

TL(r)= 10|og@ (D12)

im

Where:
I(r) is the Intensity at a distance r from the transducer
l1m is the Intensity at a distance of 1 m from the transducer

% Measurement of the acoustic field at 1 m from the transducer can present some experimental difficulties.
These are discussed in greater detail in section 3.4.4.
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For TL analysis using noise signals generated by sources whose dimensions greatly exceed
the wavelength of the acoustic energy a near field approximation is used. The measured
level is back calculated to the value at 1 m assuming spherical spreading. Using Equation
(D13).

TL,, =TL(r,)+20logr, (D13)

Where:
r; is the distance from the measurement point 1 m.
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