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Sources of information

With every instrument comes a Quick Guide that provides you with the basic information you need to get
your instrument up and running as quickly as possible. The document you are reading at this moment is
a collection of manuals; covering Troubleshooting, Principles of Operation, Setup and Test, Service
Manual and a System Integrator Manual - Light. The idea is that the Quick Guide contains the basic
information needed to get going, and only that. If you are interested in learning more about the
instruments, how they can be deployed, how to work inside them, what to do when encountering a
problem, you will find a lot of information in this document. Inevitably, these manuals will overlap on
certain points.

The Service Manual describes tests and calibration procedures that should be done ahead of a

deployment, tips and general recommendations for getting the highest quality data and general practical
considerations regarding deployment planning. The purpose of the Service Manual is also to aid in re-
configuration tasks, and is meant to be a supplement to the existing Troubleshooting Guide and Principles
of Operation manual.

The Troubleshooting Guide contains our yearlong experience in where to start looking when an

instrument is not behaving as intended.

There is a chapter called System Integrator - Light, covering how to use Nortek instruments together with

other instruments. For a more comprehensive integration, check out the System Integrator Manual

(http://www.nortek-as.com/en/support/application-development). This manual provides the

information needed to control a Nortek product with a non-PC controller. It is aimed at system integrators
and engineers with interfacing experience. Code examples are provided in C. The document’s scope is
limited to interfacing.

The Principles of Operation is divided into two parts, the first covers the underlying principles for

obtaining current measurements. The Doppler Effect is described and the individuality and special
features of the instruments are highlighted. Some limitations and special considerations for
measurements are presented at the end. The second part focuses on waves and wave processing
methods. Special wave properties are described to explain how it is possible to measure and obtain wave
parameters, and what limitations that exist. The wave parameters of interest, both directional and non-
directional, are described, and the different processing methods for obtaining these parameters are
presented

The Mounting Guideline covers mounting alternatives and considerations that should be made,

equipment and general tips.
Instrument software help

The instrument software has been designed to aid you in the planning, execution and recovery of your
instrument deployment. The software also contains a test section, including all functions required to
operate the instrument. An on-line help system is integrated in the software; containing answers to all
guestions you may have on how to use the software. Click Help > Help Topics.

Nortek Forum (http://nortek-as.com/en/knowledge-center/forum)



http://www.nortek-as.com/en/support/application-development
http://www.nortek-as.com/en/support/application-development
http://nortek-as.com/en/knowledge-center/forum
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It just might be that someone else has had a similar question or problem as you. Many questions are
answered on the forum. If not, and the answer could be of value for others — start a new conversation
and we will answer.

Nortek Web Site http://www.nortek-as.com

Our web site is now full of news, upcoming event and product descriptions. From here, you can download
instrument manuals and upgrade both firmware and software. All information needed for returning for
repair or integrating your instrument to others is also there. Loads of Technical Notes and other articles
(see Bibliography) are ready to be downloaded. We strongly recommend the use of our internet pages to
gain access to the latest technical notes and user-experience regarding data analysis and related matters.
Please use it, and if you do not like it or something is missing — let us know.

If you find errors, misspelled words, omissions or sections poorly explained, please do not hesitate to
contact us and tell us about it (inquiry@nortek.no). We appreciate your comments, and your fellow users
will as well.


http://www.nortek-as.com/
http://www.nortek-as.com/en/knowledge-center/technical-notes
http://www.nortek-as.com/en/knowledge-center/bibliography
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Chapter

1 SERVICE MANUAL

This chapter covers

v Tests that should be performed to ensure that the instrument works as expected
v Calibration Procedures
v Steps to follow when working inside the instrument

This manual covers guidance and tips when working inside the instrument. It covers the Aquadopp,
Aquadopp Profiler, AWAC and Vector instruments, which bear many similarities to each other. It is
important to note that when opening the instrument, great care should be taken to keep the sealing
surfaces clean and protected from mechanical damage. Only qualified personnel should perform
corrective maintenance activities. Please use this Service Manual as guidance and contact us for further
assistance.

In this manual, you may encounter a couple of unfamiliar terms: Midlife and Pre-Midlife. The difference
between the two is simply when the instrument was produced; pre-midlife are instruments produced
before 2009. If you are unsure about what version you have, you can check the serial number of the PCB,
or send us an email and we will check it out for you.
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1.1 FuNCTION TESTING

Always test the instrument before a deployment to verify that it works as expected. The Final Test
Checklist (Appendix A) has been used at the factory for years and is a quick, but good test that can be
used as a template for the function testing of the system. Also, make sure you have the most recent
software and firmware installed.

1.1.1 Initial Test Setup

1.1.1.1 Power

The first step is to make sure the instrument has a source of power. Power will normally come from the
internal battery or from the AC/DC converter that is delivered with most systems. The internal battery
pack is located inside the pressure case, and enables autonomous deployments of up to a year. It also
provides backup power in the event of failure of the external supply. Nortek alkaline battery packs use 18
AA cell batteries at a nominal starting voltage of 13.5 VDC. The voltage of alkaline batteries falls quickly
at the beginning, slowly during most of its life, then again quickly at the end. Thus, a 13.5 VDC battery
pack will spend most of its life somewhere in a voltage range of 10.5-12.5 VDC. Find more information
about the Nortek Batteries at our web site (http://www.nortek-as.com/en/products-2/batteries-and-

battery-cans)

Note that the battery pack inside the pressure case is disconnected when sent from Norway. Refer to
Section 1.3.1 for instructions on how to connect or change a battery pack. It also ships with an external
power supply, which we recommend you use for all but the final testing. If you leave the instrument
collecting data, it will continue to run until the batteries are dead. Always make sure to stop data
collection when testing is complete.

You may also supply power with your own external supply. If you use your own supply, be sure the voltage
does not exceed 16 V DC, and that it can supply 2 to 3 A. If you use an internal battery to backup data
collection, an external supply of 15 VDC provides a higher voltage than the battery pack, which prevents
the internal pack from discharging. Then, if external power fails, the internal battery pack takes over and
sustains operation.

1.1.1.2 Connect cables

Plug the appropriate ends into the instrument and to the computer, and make sure the computer
connector does not easily fall out. Protect the cable connector by applying a thin layer of silicone
lubricating spray to the pins before you plug it into the instrument. We recommend the 3M Silicone Spray.

Cable Wiring

The Aquadopp comes standard with a 5-conductor cable, but it can be special ordered with an 8-
conductor cable for use with RS422 communication. See tables describing the pin assignments for the
five-conductor cable, the 8-conductor RS422 cable and the 8-conductor cable with analog inputs & RS232
in Section 1.7. The Aquadopp power and battery lines are diode protected, so you do not have to worry
about wiring the Aquadopp power backwards - this will not damage your instrument.


http://www.nortek-as.com/en/products-2/batteries-and-battery-cans
http://www.nortek-as.com/en/products-2/batteries-and-battery-cans
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1.1.1.3 Start the appropriate software

Find the software on the USB stick that came with the instrument, or download it from our Software and
Firmware site (http://www.nortek-as.com/en/support/software), and install in on your PC. After

installation is done, start the software and proceed with the following:

1) Select Serial Port from the Communication menu to specify the port number to use.

2) Baud rate: You are allowed to set two baud rates for the Aquadopp. The primary baud rate setting
applies to normal communication and data transfer. You can also set a separate baud rate for data
download and firmware upgrades (the "download/configuration baud rate"). A higher baud rate
speeds up large file transfers and is appropriate when you have a short serial cable and a relatively
noise-free environment. The standard baud rate is 9600, and we recommend that you use this baud
rate unless you have a good reason to change it. To change the baud rate and make it permanent,
do the following:

a. Set up the Aquadopp and connect it to your computer.
b. Set the baud rate in "Communication", "Serial Port" to the baud rate you prefer. Start a
deployment, and then stop it.

3)The last step makes the new baud rate permanent. If you remove power and reapply it, the
instrument will re-awake with the new baud rate. NOTE: If data download is interrupted, the
instrument may be left with a baud rate setting other than the one used for normal communication.
When the software tries to establish communication in such cases, it may spend a few moments
searching for the current baud rate.

4) Check communication: Verify communication by clicking the “Check Communication” button. The
software will automatically find the instrument and read its current setup parameters.
Alternatively, select Communication > Terminal Emulator, and press "Send Break". The instrument
should respond with a message similar to the screenshot below (information about the model of
your instrument plus the firmware version number and the mode the instrument is in). If you get a
string of garbage characters, try another baud rate setting. If the instrument fails to respond, the
software can auto-connect to the instrument. Press Stop Data Collection and wait until the
instrument has been found.

Terminal T =

SE5555555588
AQUAPRD
HORTEE 2012
Version 3.39
Command mode
1

| Clear Al || Comnmndﬁb".| Command: Send
| Send Break | | Log file... | Echoon Binary mode Hex commands Done

1-1: Confirmation string


http://www.nortek-as.com/en/support/software
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1.1.2 Sensor Checks

The first step when performing sensor checks is set the instrument to collect data every second. Find the
Deployment planning dialog by clicking Deployment > Planning or the corresponding toolbar button.

e For profiling instruments; set Profiling interval = 1 sec,
e For current meters; set Measurement interval = 1 sec,
e For Vectors, choose Continuous sampling.

Start the test deployment by clicking On-line -> Start Data Collection or click the Start Data Collection
toolbar button.

You can find a checklist template for the function testing of the system in Appendix A

1.1.2.1 Temperature

Confirm that the temperature reading is realistic. The temperature reading should be close to your room
temperature, assuming the instrument has been in the room for a while to allow for the long time
constant. The temperature sensor is located inside the sensor head for most instruments, for the AWAC
it can be visible from the outside.

Specifications:

e Range:-4°Cto 40°C
e Accuracy/Resolution: 0.1°C/0.01°C
e Time response: 10 min

1.1.2.2 Tilt

The tilt sensor is located on a small round daughter board attached to the head, inside the housing. The
tilt sensor orientation is set in accordance with the system orientation during normal operation. The
standard instrument is designed for vertical orientation. Tilt sensors in heads designed for horizontal
orientations will be mounted at right angles. The tilt sensor can be inverted 180 degrees - that means you
can use it pointing up or down.

1) Click the Sensors tab on the main screen of the software to verify that the tilt readings make
sense.

2) Hold the instrument as level as possible to check that the tilt reading is close to zero

3) Find the X-marking on the head (which defines beam 1), and let beam 1 point away from you

4) Tilt the instrument to about 10 degrees to the right, and verify that the roll reading has a positive
sign, and that the value is around 10 degrees

5) Tilt the instrument to about 10 degrees to the left, and verify that the roll reading has a negative
sign, and that the value is around 10 degrees

6) Tilt the instrument about 10 degrees forward, and verify that the pitch reading has a negative
sign, and that the value is around 10 degrees

7) Tilt the instrument about 10 degrees backward, and verify that the pitch reading has a positive
sign, and that the value is around 10 degrees
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8) Turn the instrument upside down, and perform steps 2-7 again. Note that the signs will now be

the opposite

Be aware that the Vector needs to be oriented in the correct up/down orientation when starting it —
up/down orientation will not be updated while measuring.

Specifications:

e Accuracy/Resolution: 0.2°/0.1°

Defining pitch and roll:

1-2: Defining pitch and roll

Be aware that the Vector needs to be oriented in the right up/down orientation when starting it —
up/down orientation will not be updated while measuring.

1.1.2.3 Compass

Hold the instrument away from any magnetic influence (like metal objects etc.), slowly rotate it in
different directions, and verify that the heading readings are sensible. When testing a Vector, click Stop
Data Collection, invert instrument, click Start Data Collection and repeat the procedure.

The compass measures the earth's magnetic field. Combined with the tilt sensor on the head, the compass
enables the instrument to obtain heading information. These data enables the instrument to convert
velocity measurements to Earth coordinates. Without a compass, the instrument still measures the tilt.

Remember to perform a Compass Calibration before deployment.
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1.1.2.4 Pressure

Have in mind that the pressure sensor is not a depth meter. Due to atmospheric pressure variations, the
sensor signal may have an offset. Note that the sensor does not output negative values.

1) Set the pressure sensor depth to 0.2 m in the On-line > Set Pressure Offset dialog.

2) Place the instrument in a suitable container filled with water (approximately 0.5 m deep)

3) Verify that the pressure reading is correct; with the instrument submerged to 0.5 m, and with an
offset of 0.2 m, the pressure sensor should read 0.7 m.

1.1.3 Noise floor and Pinging Checks

First, check the noise level of the instrument. See the readings in the software, under the Current tab.
Pinging in air should produce signal strength (amplitude) of

e 45-55 counts for Vector
e 10 counts for the Vectrino
e 15-30 counts for the rest.

When the instrument pings in air, the velocity measurements will be nothing but noise. The signal values
above are therefore referred to as the noise floors.

Put the instrument in a bucket of water and observe the signal strength and the velocity. The signal
strength should rise noticeably (the actual level depends on the size, shape and material of the bucket),
and the velocity data should appear less noisy. If the velocity graphs remain weak with a Velocimeter
probe in water, try varying the position of the probe or add some seeding to the water in the form of dirt
or small particles.

To get everything right before deployment, you may want to verify that your Nortek instrument actually
emits pings. This can be done by utilizing a simple AM radio:

1) Adjust the radio to the frequency of your Nortek instrument, i.e. for a 1IMHz Aquadopp adjust the
radio to 1MHz, for a 600kHz system adjust it to 600kHz, and so on.

2) Start the Nortek instrument and hold the radio close to the transducers. What you now hear is
the pings themselves (they sound like a busy woodpecker).

3) Stop the test by clicking On-line -> Stop Data Collection or press the Stop Data Collection button.

COUNTS - A few words on the term

For signal strength, Nortek frequently make use of the word counts, which obviously seem to be
connected to the decibel term, but how and why? Inside the instruments there are circuitries for the
amplification of input signals, the number of counts is an indicator of how much gain we must apply to a
signal - the less gain needed, the higher the input signal level is. The number of counts is inversely
proportional to the logarithm of the gain setting, which means that a higher number of counts reflects a
need for less amplification than a lower number of counts will do. Strong signals have a higher noise
immunity and they correlate much better than weak signals do. The scaling for the conversion from
counts to dB varies a little from one instrument to another, but 1 count is around 0.4-0.45 dB. For more
details check out the technical note (No. 003) named Monitoring Sediment Concentration with acoustic
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backscattering instruments available at the Nortek site (http://www.nortek-as.com/en/knowledge-

center/technical-notes).

1.1.4 Beam Amplitude and Velocity Checks

The following checks should be carried out in a suitable stretch of unobstructed water. We recommend
carrying out initial testing in a test tank, which is both convenient and provides a controlled environment.
If there are insufficient scatters in the water, some seeding material may be necessary. After the tank
test, a final testing can be carried out in open water, such as in a lake, river or the sea. Nortek can provide
further details on suitable test arrangements on request.

1.1.4.1 Amplitude

1) Change the coordinate system to Beam Coordinates by choosing Beam as Coordinate system in
the Advanced Deployment Planning menu. Note that the “Used Advanced Settings” box in the
Standard view must be checked for the Advanced view to become accessible.

2) Start the test deployment by clicking Online > Start Data Collection or click the corresponding
toolbar button.

3) Click the Amplitude or Profile tab to observe the amplitude of all the beams on the graphic display.

4) Immerse the instrument so that all the transducers are submerged. Point each beam in turn with
an angle from the horizontal (relative to the transducers) and away from any obstructions. Note
the amplitude of each beam, displayed in counts. All the beams should have similar amplitude,
within 10 counts of each other. When testing a profiling instrument, the beams should be
compared in the same cell, normally the first one.

As an additional check, each beam can be blocked in turn, by either holding each transducer out of the
water (while keeping the others immersed) or by covering each transducer with a suitable acoustic
attenuating material such as dense plastic, or even a finger. The amplitude of the blocked beam will fall
to around the noise level, while the others will remain unaffected.

1.1.4.2 Velocity

1) Change the coordinate system to XYZ by selecting XYZ as Coordinate system in the Advanced
Deployment Planning menu.

2) Start the test deployment by clicking Online -> Start Data Collection or click the corresponding
menu button.

3) Click the Velocity tab to observe the X, Y and Z velocities on the graphic display.

4) Move the instrument backwards and forwards at a constant velocity through the water, along the
X-axis. A positive and negative deflection of the X-axis velocity should be observed on the graphic
display, while the Y- and Z-axis velocities should remain around 0 m/s. Repeat the procedure for
the Y- and Z-axis. Ensure that the displayed velocities are reasonable.

Read more about coordinate systems in the Principles of Operation, where you will find Beam, XYZ, and

ENU definitions. Note that the X-axis engraved or clarified in form of a colored indicator on the
head/probe of the instrument always points in the direction of beam 1 and a positive X-axis.


http://www.nortek-as.com/en/knowledge-center/technical-notes
http://www.nortek-as.com/en/knowledge-center/technical-notes
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P X-axis indicator

X-axis indicator

1-3: Beam order and X-axis indicators

1.1.4.3 Range Check (Aquadopp and Aquadopp DW)

Click On-line > Start Range Check to enter the range check mode. Point one beam at a time towards a
boundary that is at a known distance from the transducer, and confirm that the amplitude graph shows
a kink at the correct range reading. In the figure below, beam 3 points toward a flume wall 0.7 m from

the transducer.

Range check

Beam 2

Amplitude (counts)

L L L L
09 1.0 11 1.2

L L L L L L
04 5} 06 03
Range (m)

Connected COM - 9600 - 15

For Help, press F1

1-4: The kink in the amplitude graph of beam 3 (A) tells us that the flume wall is 0.7 m away from the transducer.
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1.1.4.4 Probe Check (Vector and Vectrino)

Designed to act as a measurement quality assurance tool, the Probe Check function in the software lets
you inspect the region where the instrument makes its measurements by showing how the signal varies
with range. To start the Probe Check:

1) Make sure the instrument is submerged in water.
2) Click Online > Start Probe Check. You can use it to diagnose and correct problems and to optimize
data collection.

Probe check

Beam 1 Beam 2

Amplitude (counts)

Distance to boundary (cm):  29.9 (probe)  14.8 (sampling volume) Sound speed (m/s): 15286
_ Ampiitude | SNR |
For Help, press F1 Connected COM21 - 9600 - 1s

1-5: The probe check function shows how the signal varies with range. The three colored graphs correspond to each of the three
vector receive beams. A is the transmit pulse. B is the area around the measurement volume. C is a bottom echo. Graphs are
scaled in mm distance from the transmit transducer, parallel to the transmit beam. One amplitude count corresponds to
approximately 0.45 dB in signal strength.

The actual sensing volume is a relatively narrow region within the broad peak indicated by B. It is centered
at sample 100-105 and normally extends across +/- 3 counts from the center. If the probe check outputs
look very different from the figure above, confer the Troubleshooting Guide before taking further action.

You can find probe checks that display and describe different problems in the Probe Check section.

SNR - A few words on the term

litudeg;
For the Vectrino, the Signal-to-Noise ratio (SNR) is defined as SNR = 20log4, Amplitudesignal

Amplitudeyise

Strictly speaking, we are unable to measure the signal without the noise present, so Amplitudesigna should
read Amplitudesignaisnoise. However, for SNR values in the magnitude applicable to typical Vectrino
situations, the difference is negligible.

1.1.5 Test Recorder Function

You can test the recorder with the same set-up as the above.

1) Start data collection with "Test" followed by "Start With Recorder".

2) Write a name to use for the file you will record internally.

3) After a few minutes, stop the data collection.

4) Retrieve your data by clicking "Deployment" followed by "Retrieve Data".
5) Convert it to ASCII by clicking "Deployment" followed by "Data Conversion".
6) Review the collected data with an ASCII text editor (i.e. Notepad).
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If you leave the instrument collecting data, it will continue to run until the batteries are dead. Always
make sure to stop data collection when testing is complete.

It is a good routine always to start a new deployment with an Empty Memory. Before you erase the
recorder, make sure that you have transferred all the data you want to retain to your computer and that
the data is in good shape. Then click Deployment > Erase Recorder.
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1.2 CusTOMER CALIBRATION

All instruments have what we call head matrixes that are unique; it describes the geometry of the sensor
head, or the transducer orientation to be more specific. As long as the sensor heads are not physically
deformed, the head matrixes will, consequently, remain the same. Further, what is measured by the
sensor is the change in frequency from the acoustic pulses sent out through the water to those being
reflected back. In other words, a slight change in center frequency will not affect the measured frequency
shift, or the Doppler shift, which is entirely depending on the velocity of particles in the water. Therefore
the sensors really never need to be calibrated for current speed and direction.

1.2.1 Compass Calibration

Each compass system has been calibrated at the factory to quantify the characteristic response of the
individual components and of the system as a whole. When it leaves the factory, each system can measure
its tilt and the direction of its magnetic field vector accurately, anywhere in the world. However, users
disturb the magnetic field near the instrument when they deploy. Adding a battery pack and mounting
the instrument with deployment hardware adds magnetic materials that change the earth's field at the
instrument. The compass calibration procedure quantifies this magnetic disturbance, and the
instrument's compass algorithm then corrects for it to obtain accurate heading. As a side note, the
compass is not used when measuring velocity in XYZ or beam coordinates, but if you plan on using the
compass heading at a later point (for instance to orient the XYZ velocities relative to the lake axes, it is
probably worth calibrating the compass in advance.

You should perform the compass calibration just prior to deployment to correct for the introduction of
new magnetic materials, as you can correct for magnetic sources that rotate in the same coordinate
system as the compass itself. The compass calibration procedure requires a single, slow rotation around
the instrument's tilt axis. A rotation taking at least 60 seconds is sufficient. For the calibration procedure
to work, the compass and all magnetic materials must remain fixed relative to each other. As long as this
is the case, the calibration procedure can correct for magnetic field disturbances that are greater than
the earth's magnetic field. You should conduct this procedure outdoors, away from other possible
magnetic elements.

1) Assemble the frame (or similar) with the instrument, battery canister, and extra ballast, etc. and
connect the system to the computer.

2) Make sure the frame is level when calibrating the compass, and that it is possible to rotate the
entire system 360° horizontally.

3) Click On-line > Compass Calibration.

4) Click Start and rotate the entire system slowly around the Z-axis of the instrument. An example
of a successful rotation is shown below. Note that when doing this in the field, you cannot expect
to end up with a circle as perfect as this one. However, we recommend you to do this slowly in
an attempt to come as close to the ideal circle as possible.

5) To utilize the obtained values, click Done. You will be prompted to confirm that the new values
shall be transferred to the instrument to serve as the new compass setting.



| Compass Calibration

Calibrate
Rotate the instrument slowly at
least 360 degrees around the
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[7] Transformation with pitch and rall
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1-6: Successful rotation of a compass calibration.

1.2.2 Set Pressure Offset
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The pressure sensor offset is not calibrated to, or corrected by the atmospheric pressure. This means that
the pressure sensor reading will follow the atmospheric pressure, thus the sensor signal may have an
offset. Atmospheric changes can vary the depth reading as much as 0.3 m. Note that all data on the
recorder will be erased during this procedure. To set the Pressure Offset

1) Connect the instrument to a computer and submerge the instrument to a known depth.
2) Click Online > Set Pressure Offset and key in the depth in m. The below figure shows the dialogue
box for setting the pressure offset.

3) When the pressure has a stable reading, as in the screenshot below, click Done.

1. Place the instrument in
wiater and enter the
depth af the pressure
sensor. |f in air enter
zem.

0 meters

o

. Press Start to begin
data collection.

w

Press Stap when the
graph title indicates
success [Offset OK).

] Set Pressure Offset - [Head: ASP 4480)

===

Mote:  The pressure senzor offset iz set at the factor. Resetting the offzet is only reguired if the pressure is
believed to be in error. Please be aware that the pressure sensor does not output negative values and
that all data on the recorder will be erased.

Ready...
Pressure: -.— dbar
40
30
a0
10
0
-10 — — — T
827:30 8.27:45 8:28:00 82815
Oct Thu 17 2013 Time

1-7: Set Pressure Offset dialog



1. Place the instrument in
wiater and enter the
depth af the pressure
sensor. |f in air enter
zem.

0.5 meters

]

Press Start to begin
data collection.

w

Press Stap when the
graph title indicates
success [Offset OK).

1 Set Pressure Offset - [Head: AQP 5989]

===

Mote:  The pressure senzor offset iz set at the factor. Resetting the offzet is only reguired if the pressure is
believed to be in error. Please be aware that the pressure sensor does not output negative values and
that all data on the recorder will be erased.

Offset OK!
| g Pressurs: 0497 doar
1,0
E 0.5
- E /
[
0
05 T T T T T T
12:30:00 12:30:15 12:30:30 12:30:45
Oct Mon 28 2013 Time

1-8: Stable pressure reading and the title indicates success.
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1.3 WORKING INSIDE AN INSTRUMENT

When opening the instrument, great care should be taken to keep the sealing surfaces clean and
protected from mechanical damage.

1.3.1 Changing the Battery Pack

1.3.1.1 Aquadopp, AquaPro and Vector

The following procedure outlines how to connect the battery or to install a new one.

A. Remove the four #6-32 x 34" titanium screws and washers holding
the end cap to the pressure case and remove the endbell.

B. Disconnect the 2-pin connector and pull the battery out of the
pressure case.

C. Insert the new battery into the pressure case and reattach the 2-
pin connector.

D. Reattach the endbell to the pressure case and mount with four
titanium bolts and washers. See Section 1.6.3 for recommended
torque when securing screws.

E. Test the instrument by collecting data without using an external
power source to ensure that the battery is properly connected.
Make sure to stop data collection so that the instrument will
power down after you are through testing it.

Because the battery pack uses standard alkaline batteries, you normally do not need to observe any
special precautions and/or procedures when you dispose old batteries. Caution! If you have lithium
batteries, keep in mind that you must be very careful and that disposal requires special precautions
and/or procedures. Rules for disposal of batteries, especially lithium batteries, vary from country to
country.
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1.3.1.2 AWAC and Continental

The AWAC and Continental are shipped with a separate battery canister. The following procedure outlines
how to connect the battery pack or to install a new one.

A. Remove the three screws and washers holding the end cap to
the pressure case, and remove the end cap.

B. Disconnect the 2-pin connector and pull the old battery out of
the pressure case.

C. Slide in a new battery and connect it to the 2-pin connector to
the end cap.

D. Insert the end cap to the pressure case and mount the three
screws and washers.

E. Test the instrument by collecting data without using an external
power source to ensure that the battery is properly connected.
Make sure to stop data collection so that the instrument will
power down after you are through testing it.

Tip! Make sure to always include a desiccant bag in the canister. Humid air can condense enough water
to cause damage.
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1.3.2 Accessing the Circuit Board

The following procedure describes how to access the circuit board, necessary tools can be found in the
supplied toolkit.

A. Remove the four #6-32 x %” titanium screws and washers holding
the end cap to the pressure case.

B. Disconnect the 2-pin (battery) and 9-pin (harness) connectors.

C. Pull the battery out of the pressure case.

D. Remove the #6-32 x %" titanium screws and washers holding the
transducer head to the pressure case.

E. Carefully, slide out the head with the circuit board attached. Do
not put a lot of pressure on the sensor head itself, as the

connection between the sensor head and head board represent
the weakest point. Pull/push the main board instead.

When reassembling the system, the following is important:

e Make sure that there are no dust or particles on the O-rings on the head or the endbell, and that
they are whole.

o A fresh desiccant bag should be included in the pressure case, as humid air can condense enough
water do damage the electrical circuitry.

e Be careful when sliding the circuit board into the pressure housing; it is easy to make scratches,
and these scratches may cause instrument leakage.

e Attach the head to the housing with the titanium bolts. Make sure the bolts have both a spring
washer and a flat washer.

e Insert and connect the battery, and attach the endbell. Make sure that also these bolts have both
a spring washer and a flat washer. Recommended torque for securing screws is described in Section
1.6.3.
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AWAC:

1) Remove the three titanium screws and washers holding the transducer head to the housing.
2) Carefully lift the transducer head and remove the harness connector. Be careful not to scratch
the housing surface. Set carefully down the transducer head with the transducers facing down.

When reassembling the system, the following is important:

e Make sure that there are no dust or particles on the O-rings, and that they are whole.

e Afresh desiccant bag should be included in the pressure case, as humid air can condense enough
water do damage the electrical circuitry.

e Attach the harness and carefully place the transducer head on the housing. Make sure to align
the transducer head correctly. See image below. The engraved X (marked with a read circle) must

e Make sure that the screws have both a spring washer and a flat washer. Tighten each screw little
by little in turn, to ensure that there is equal pressure on the O-Ring.

e Read more about Recommended Torque for securing screws in in Section 1.6.3.
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1.3.3 Changing a Transducer Head

The following procedure outlines how to change a transducer head. You will find the necessary tools in
the toolkit that came with the instrument; 7/64” and 1/16” hex driver and silicone grease. Note that the
procedure for changing a transducer head also includes updating the instrument’s head configuration file.

A. Start with the procedure of Section 1.3.2.

If you are working with a pre-midlife Vector; remove the two bags of
Desiccant taped around the board and gently disconnect the ground
strap on the reverse side of the board.

B. Unscrew the two screws fixing the main board to the head board,
and pull the head away from the board.

C. Use the same screws to attach the new head/probe to the main
board. Remember to put on new O-rings with silicone grease
(Section 1.6.5) on the sensor head. Be careful not to squeeze the
cables attached the head board between the main and the head
board when connecting them.

D. Reassemble the instrument.

E. Load a new headfile into the instrument (Section 1.5.1).

F. Set pressure offset (Section 1.2.2).

After changing a transducer head, it is a good idea to run a simple function test before deploying. Follow
the function test described in Section 1.1.
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1.3.4 Installing a Memory Board

1.3.4.1 Installing a Memory Board / ProLog - Vector, Aquadopp, AquaPro and AWAC

Installing a memory board on the AWAC follow the same procedure as below, the difference is the shape
of the main board. For the AWAC, the main board is circular instead of rectangular. When ordering a
memory upgrade from Nortek you will receive the following:

1. Recorder / ProLog

2.Screws / Bolts

3. Standoffs

4. Nuts

5. Lock Washers

A. Access the circuit board (cf. Section 1.3.2).

B. Loosen the four (relatively short) screws and remove the
compass board from the main board

C. Insertthe four long screws (2) through the holes in the corners
of the compass board, and then through four standoffs (3).
Carefully insert the screws through the holes on the main
board, and then through four more standoffs. Make sure the
connector between the compass board and the main board
‘Clicks’.

D. Carefully position the Recorder board (1) (image to the right)

and fit it gently to the matching connector on the main board
(image to the left).
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E. Secure the assembly with lock washers (5) and nuts (4).

F. For the AWAC, make sure to align the compass with the X-

marking on the head. If not, the X- and Y-axis will be wrong.

G. After reassembling the instrument, erase the recorder, and
check that the system reads the correct recorder size (Section
1.5.3).

H. AquaPro and AWAC only: ProlLog: remember to upgrade
firmware after installation (Section 1.5.2).

1.3.4.2 Vector, Aquadopp and AquaPro, Pre-midlife

When ordering a memory upgrade from Nortek you will receive the following:

1. Long nylon screws

2. Mounting blocks

3. Short nylon screws

4. Nylon nuts

5. Threaded metal bolt

6. Nylon standoffs

7. Recorder board

A. Start with accessing the circuit board (Section 1.3.2).
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B. To remove the compass board, start removing all screws and
blocks with the exception of the right mounting block on the main
board, as shown in the image. The point is to add two new
mounting blocks (2) as support for the recorder board.

C. Screw the metal bolt (5) through the mounting block (2) in the
correct hole (indicated in the image).

D. Screw the two blocks from (C) through the holes in the main board Sl dee

and through another mounting block on the opposite side of the , ®(E R

ey ‘recorder’ side
A

board (both new blocks is to be placed on the same side of the v,y el

main board). NOTE that the block on the ‘compass’ side of the
card sticks out over the edge of the board, whereas the block on
the ‘recorder’ side do not.

Please note the positions of the various holes in the mounting blocks:
Make sure that the twin holes are positioned ‘away’ from the center
of the main board. It is essential that they are positioned correctly.

E. Insert the two long nylon screws (1) through two of the holes in
the compass board, then through the nylon standoffs (6).
Continue with carefully inserting the screws through the two
holes (at the opposite side of the mounting blocks) on the main
board. Attach two more standoffs, and carefully position the
recorder. Make sure the connector between the main board and
the recorder board ‘clicks’. Apply a little LocTite to all plastic
screws.

F. Fix the recorder and the compass boards to the mounting blocks
with the short nylon screws (3). Apply a little LocTite to all plastic #
screws. Cut off excessive length on the long nylon screws.

G. Connect the compass and the main board with a connector (see
image in point E, to the upper right).

H. After reassembling the instrument, erase the recorder and check
that the system reads the correct recorder size (Section 1.5.3).
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1.3.4.3 Installing a Memory Board With Cable — Really Old Paradopps

Some of the older systems will not fit the connector between the main board and the recorder, and thus
need an additional cable. The recorder board looks a little different, but it is essentially the same process
as described above. Two steps are added:

C(2). Attach the cable to the main board before fixing the recorder to
the main board.

C(3) Attach and bend the cable as shown, to avoid cable getting caught
while inserting the instrument into the housing.
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1.3.5 Installing a Memory Board — Continental and Pre-midlife AWAC

When ordering a memory upgrade from Nortek you will receive the following:

v ':E\;
1. Memory board 3 )
2. Nylon screws ( x 2)

3. Nylon screws / standoffs (x 2)

2

A. Unscrew and remove the bolts that hold the head to the system.

B. Gently lift the head up and out, and place the transducer side down on
the table. Note how the circuit board is attached; it must be inserted
the exact same way when reassembling. Take care not to damage or
stretch the cables or the O-rings.

C. Unclip the cables: the ground cable at the joint and the main cable at
the circuit board.

D. Unscrew the two nylon screws (area marked in the image), and replace
them with two nylon screws / standoffs (3).

E. Carefully align the connector on the recorder with the matching
connector on the circuit board and gently press down.

F. Apply a little LocTite to the two screws and fasten the recorder to the
standoffs.




G. When reassembling the instrument, make sure to fix the head
correctly. Align the recorder board with the X-marking on the head
(red circle in the image). This must be stressed since the X- and Y-axis
will be wrong if assembled incorrectly.

H. Reattach the cables between the head and the main board.

I. Fasten and tighten bolts well (Section 1.6.3).

J. Erase recorder, and check that the system reads the correct recorder
size (Section 1.5.3).
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1.3.6 Changing the Wiring Harness

Aquadopp, AquaPro and Vector

You will find the necessary tools in the toolkit that came with the instrument; 7/64” and 1/16” hex driver
and silicone grease. Use LocTite as described below, if accessible.

A. Access the circuit board (Section 1.3.2).

B. Unscrew the two screws that hold the harness in place.

C. Pressthe little tap on the connector, and pull the harness off.

D. Attach the connector of the new harness.

E. Align the mounting blocks at the round disk with the holes on the
main board. Add a little LocTite and fasten.

F. Add a thin layer of silicone grease on the harness’ O-ring.

G. Carefully insert the system back into the housing.

AWAC

For the AWAC, the procedure is simpler; access the circuit board (cf. Section 2.2), replace the harness,
and carefully align the transducer head correctly on the housing again (see section..).



1.4 CHANGING THE OUTPUT POWER FOR AUXILIARY SENSORS

1.4.1 Midlife Electronics
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Midlife electronics change the power levels with a simple command in the terminal emulator:

Voltage level Command Max current
RAW OPWRBA 500 mA
+5V OPWR5V 250 mA
+12V OPWR12 100 mA

1.4.2 Pre-midlife Electronics

You can change the output voltage level that is supplied to external sensors. This is typically needed if an
external analog sensor (e.g. OBS) operates in a specific voltage range and the raw battery power does not
fall within this range. The default output voltage level is RAW (battery or external adapter). This can be
changed to +5V or to +12V by changing the position of a 0-Q resistor. The three resistor positions share

one pad so the modification should be straightforward.

Voltage level Resistor position Max current
RAW R270 (default) 500 mA
+5V R268 200 mA
+12V R269 50 mA
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1.5 REPLACING HEADS/BOARDS

e The head configuration file must be updated whenever the instrument head has been replaced.
Features dependent on correct head file are tilt, pressure and the transformation matrix.

e Features dependent on the circuit board are magnetometer (compass) and temperature.

e All parameters are hardware revision dependent.

e Midlife Vectors have hardware modifications for pressure sensors above 20 m.

1.5.1 Update Headfile

The head configuration file is sent from us to you upon request. When you have received the .bin file,
proceed with the following:

e Connect the instrument to a PC.
e Inthe instrument software, select Configuration > Sensor head.
e Browse and select the new headfile and click ‘Open’.

When the head file is configured, it is important to:

e Set the pressure offset (Section 1.2.2)
e Level the instrument and confirm the tilt reading (Section 1.1.2.2)

1.5.2 Upgrade Firmware

By the term firmware we are referring to the internal software of the instrument, as opposed to the
instrument software running on a PC. When you purchase a brand new instrument, it has a firmware
version matching the PC software, hence no firmware upgrade will be needed before you start using the
instrument. However, new functionality (and in rare cases bug fixes) is likely to be offered in the future,
requiring that the firmware is upgraded. New firmware is posted at the Nortek web, at http://nortek-
as.com/en/support/software. You will need to register to get access, but access is otherwise free of
charge. Transfer data that you would like to retain to your PC before you upgrade the firmware, any data
acquired in the instrument will be erased to avoid inconsistencies.

To do the Upgrade:

e Download the firmware that applies to your instrument.

e Connect the instrument to a PC.

e In the instrument software, select Configuration > Firmware Upgrade...
e Browse and select the new firmware file and click ‘Open’.

If you are asked for a license key, you can find it on the flash disk that accompanied your instrument. If
you cannot locate it, contact Nortek for a new key.
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Erase Recorder

Connect the instrument to a PC.
In the instrument software, select Deployment -> Erase Recorder.

Aquapro HR to AquaPro

Connect the instrument to a PC.

If you have HR firmware and want to use the instrument as an AquaPro for a period, you must
use the AquaPro software (not HR), and do a firmware upgrade according to Section 1.5.2. The
AquaPro software can be downloaded from http://nortek-as.com/en/support/software.

If you want to re-install HR, use the AquaPro HR software. When asked for a license key, use the
one you retrieved with the instrument. If misplaced, contact Nortek.
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1.6 MECHANICAL ASPECTS AND MAINTENANCE

A preventive maintenance routine should include regular cleaning of the instrument. Use a mild detergent
and pay special attention to the transducers. Also check the pressure sensor and remove any dirt in the
two front holes. Be careful when opening the pressure sensor cap as it is easy to dent the sensor.

1.6.1 Mechanical Tolerances

Watertight sealing of the instrument housing is provided by double O-rings on the head and endbell sub-
assemblies. The outer O-ring forms the primary seal and the inner forms a secondary (or backup) seal.
When opening the instrument, great care should be taken to keep the sealing surfaces clean and
protected from mechanical damage. Keep water out of the open pressure case. Both fresh and salt water
can corrode the circuitry.

If the instrument has been subjected to environmental conditions outside the specified design limits,
mechanical tolerances may be affected. The diameter of the primary O-ring seal should be 57.5 mm
(minimum 57.25 mm). If the diameter is less than this, at any point along the circumference, the head or
endbell should not be re-deployed.

1.6.2 Instrument Care

The Nortek instruments are intended for use in water. Other fluids may have an adverse effect on the
plastic materials used.

For prolonged storage at elevated temperatures close to or at the specified limit, or when temperature
control is uncertain, it is recommended that the screws securing the end caps to be loosened in order to
minimize the risk of any deformation due to temperature/stress condition over time.

Do not use the molded head or endbell as a clamping surface, always clamp to the instrument housing.

1.6.3 Recommended Torque for Securing Screws

When installing end caps and sensor heads, care should be taken when tightening the screws. When the
O-ring starts to be compressed, turn each screw a little at a time until the O-ring is fully compressed.
Tightening one screw fully before continuing on to the next may cause improper O-ring seating and very
high mechanical stress concentrated around the screw hole. This may cause leaks and/or damage to the
head or the endbell. The screws need only be tightened sufficiently for the O-ring and spring washers to
be fully compressed.

Over-torqueing has no positive effect and may damage the threads and/or area around the screw holes
on the head and endbell. Keep in mind that ocean pressure holds the end cap tightly — all the screws have
to do is to keep the end cap from falling out when the system is above water.



1.6.4
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Connector Care

It is extremely important to keep underwater connectors clean and well lubricated. We recommend

before plugging in connectors, always blast the pins with compressed air, inspect them for cleanliness

and then lubricate with 3M Silicone Spray. Do not use the silicone grease included in the toolkit on

connectors, as this is intended for O-rings only.

Before deployment:

Demate the connector set.

Flush the connector set with fresh water or compressed air, remove dirt.

Inspect for damage, corrosion and cuts.

Apply a thin film of 3M Silicone Spray or equivalent.

Mate the connector halves and check if they are properly mated. If greased, wipe away the
excess.

After deployment, before storage:

Flush the connector set with fresh water or compressed air, remove dirt.
Inspect for damage, corrosion and cuts.
Mate with dummy plug if available.

Cable Care

1.6.5

Avoid nicks and cuts around contacts, as these are the sealing surfaces.

Elastomers can be seriously degraded if exposed to direct sunlight or high ozone levels for
extended periods.

Do not pull on the cable to disconnect connectors.

Avoid sharp bends at cable entry to connector.

Ensure that the cable is fixed to the mounting fixture to avoid mechanical stress to the
connection.

O-ring Maintenance

O-rings are the critical component that keeps water out of the housing and thus the instrument
dry. Make a routine of O-ring inspection, maintenance and replacement.

Check the O-rings and the O-ring grooves for grit, hair, lint, sand, or anything that could
potentially breach the O-ring seal.

After frequent deployments or if O-rings or groves appear dirty, remove O-rings and clean the
groves. To remove O-rings, use finger pressure or the rounded edge of a plastic card to lift the O-
ring out of the grove. Caution! Never use a metal object to remove an O-ring. It may cause damage
to the O-ring or the sealing surface.

To check O-rings for damage, place the O-ring between the middle and index finger and thumb.
Then pull the O-ring through your fingers, feeling for any debris or wear.

If O-rings are dirty, it is best to replace them. Washing dirty O-rings with soap and water is not
recommended. Soap breaks down the lubricants and will compromise the integrity of the seal.
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e Properly greased O-rings will help maintain sealing integrity and minimize O-ring degradation.
Use enough grease to lubricate the O-ring thoroughly, but not so much that it will attract
additional debris.

e Clean the groove with a lint free swab or the folded edge of a paper towel.

1.6.6 Replace Desiccant Bag

Humid air can condense enough water do damage the electrical circuitry. At least once a year, replace
the desiccant located in the pressure case or the external battery canister. Refer to the battery installation
description (Section 1.3.1) for the procedure of opening the pressure case.

1.6.7 Antifouling

Marine growth, or fouling, on moorings should be considered when planning long-term mooring systems.
The thickness of growth depends on location (temperature, sunlight conditions, depth, latitude, currents
etc.). Fouling can be a problem already after 2 weeks in tropical areas or it can take 6 months in cold
areas. Sunlight is also an important factor - fouling is generally much less of a problem below 100 m than
itis at 5 m depth.

When calculating forces, the marine growth is accounted for by increasing the expected weight and
diameters of the mooring line and all instrumentation attached, in addition to increasing the drag.

Antifouling paints and other agents are often used to avoid transducers being covered with barnacles or
other evil crustaceans during long deployments. The important thing when it comes to antifouling is that
the paint is not too thick; otherwise, the signal strength may decrease. We tested the effect on the
profiling range of the 2 MHz Aquadopp and we could find no appreciable change when we applied a thin
(1 mm or so) layer on the transducers. You can probably use most anti-fouling paints as long as it is not
too (chemically) aggressive and contains no solids (metal flakes, etc.) that could interfere with acoustic
beam:s.

Nortek has run a test with three different zinc oxides, a zink paste with 40% zinc oxide, Silulen (Nycomed)
with 20% zinc oxide and Desitin (Pfifer) 40% zinc oxide. They all work quite well but the Silulen a little less
so. Our conclusion from the test was that a higher zinc oxide percentage is probably better. Other
options are use of thin plastic bag or Pettit's Trinidad anti-fouling paint (75.8% cuprous oxide).

We realize barnacle has to be removed mechanically, but we strongly advice against using sharp objects
capable of harming the polyurethane surface. We also recommend staying away from strong organic
solvents such as acetone.
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1.7 CABLES AND WIRES

This chapter gives you the wiring for the most common cables. The wiring is the same if the connector is
circular or square. In addition there is a table below describing the harness and the 24 pin connector at
the electronics board. This might be handy if there is need to change the wiring harness without time to
receive one from Nortek.

RS232 with option for Analog input:

Underwater Connector Termination

Pin. No Wire Color Purpose Pins Description

3 Black RS232 Tx Twisted 2 e o

4 White RS232 Rx Pair 3 o -5;’
5 Black RS232 Gnd Twisted 5 © o

6 White / Purple Power Output Pair Red wire

7 Black Analog Ch. 2 Twisted Green wire

8 White / Orange | AnalogCh. 1 Pair Yellow Wire

1 Black Power Gnd Twisted Black Wire b 933
2 White Power + Pair Red Wire v mhae

Screen terminated at pin 1 in underwater connector, unterminated at PC side.

Ref: N2100-002A

RS 422. Note that Tx and Rx refer to the instrument and not the PC:

Underwater Connector Termination

Pin. No Wire Color Purpose Pins Description
3 Black RS422 Tx + Twisted 7 o ®

4 White RS422 Tx - Pair 2 | QJ
7 Black RS422 RX - Twisted 8 S
8 White / Orange | RS422 RX+ Pair 3 @ °

5 Black Sync. Out Twisted Black Wire

6 White / Purple | Sync. In Pair Green Wire

1 Black Power Gnd Twisted Black Wire * @55
2 White Power + Pair Red Wire V —
Screen terminated at pin 1 in underwater connector, unterminated at PC side.

Ref: N2100-108
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Wiring of RS232 with option for analogue outputs:

Underwater Connector Termination

Pin. No | Wire Color Purpose Pins Description

3 Black RS232 Tx Twisted Pair | 2 6 o

4 White RS232 Rx 3 &

5 Black Ground Twisted Pair 5 ®© o0

6 White/Purple Analog Z* Red Wire

7 Black Analog X Twisted Pair Green Wire

8 White/Orange Analog Y Yellow Wire

1 Black Power Gnd Twisted Pair Black Wire *igssmn

2 White Power + White Wire V =

Screen Bare Ground 3 bare wires for grounds, connected internally to
power ground.

Ref: N2100-004

*Optional version outputs pressure instead of Z-Velocity

1.7.1 Using Long Cables

RS232 data communication at 9600 baud will normally work fine for cables up to 50 m long, depending
on the environment. If you want to run a longer cable, you can switch to RS422 by installing a different
wiring harness you can get from Nortek. You can also try using RS232 with longer cables by reducing the
baud rate. Keep in mind that RS422 is a more reliable means of communication than R$232 — changing
environmental conditions could cause RS232 communications to fail over a long wire without apparent
reason. You should consider voltage drop across the cable, particularly if you use the two highest power
settings. Design your power supply and cable so that the voltage stays below 16 VDC and never falls
below 9 VDC.

Vectrino: Default RS232 baud rate setting is 19200 baud for the Vectrino and 57600 for the Vectrino+.
The table below shows the highest permissible sampling rate for a given baud rate (Vectrino).

Baud Rate Max Sampling Rate
300 1Hz

600 2 Hz

1200 4 Hz

2400 8 Hz

4800 16 Hz

9600 32 Hz

19200 64 Hz

38400 128 Hz

57600 200 Hz




1.7.2 Harness

Pin Function

1 Power Ground

2 + External Power Supply
3 Power Ground

4 + Battery Supply

5 X Analog Out

6 Y Analog Out

7 Z Analog Out

8 Auxiliary Analog Out
9 CTD Power Out

10 Signal Ground

11 RS232 Tx

12 RS232 Rx

13 CTD RS232 Tx

14 CTD RS232 Rx

15 Analogin1

16 AnalogIn 2

17 RS422 Tx+

18 RS422 Tx-

19 RS422 Rx+

20 RS422 Rx-

21 Sync Out

22 Syncn

23 +3.3VLP

24 RS422 3.3V Supply (grounded for

RS232, shorted to pin 23 for RS422)

1-10: Harness pins

Page |40




Page |41

Chapter

2 TROUBLESHOOTING GUIDE

This chapter covers:

v' Tests that can be performed if you encounter a problem
v" What to do if your data does not look right
v Instructions on how to return an instrument for repair

This document contains our yearlong experience in where to start looking if an instrument does not
behave as intended. If you encounter a problem, you should:

e Work in a systematic way and do not neglect the obvious.

e Get a good overview of the problem; make notes during the troubleshooting process.

e Start by looking for simple causes such as incorrect baud rate, power not connected, bad
connections etc. If the system involves custom cables, power supply or the like, first assemble
and test the instrument using just the cables and battery that came with the system. This is the
easiest way to get the system to work, and if you have trouble, you can always return to this setup
to confirm that problems are not caused by a faulty instrument.

e Measure the power supply current, check that the instrument responds to a “Break”.

e Components rarely fail; usually bad solder joints or short circuits are the cause of problems.

If you still have problems after consulting this guide, please contact our subsidiaries, sales representatives
or Nortek Support (inquiry@nortek.no). Remember also the Nortek Forum at the web,
http://www.nortek-as.com/en/knowledge-center/forum, where previously answered questions might
answer your question as well. To help us in giving good support, please

e be specific about the error — a screen shot is often helpful

e include if possible

an error description

firmware and software version

serial number (head ID, hardware ID or order number)

a raw sample file showing the error

the collected data set showing the error

result of tests as loop-back, current drain and LED signaling

O O O O O O

vector/Vectrino: screen-shot of the performed probe check
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2.1 COMMUNICATION PROBLEMS

The first thing to do when connecting an instrument to a computer is try sending a break. Send a break
by clicking Communication > Terminal Emulator, and click the Send Break button. If the instrument is
powered and properly connected and if the terminal is set to use the correct serial port, you will see the
instrument’s wake-up message.

If you see a response consisting of garbled text or strange characters, the instrument and the Terminal
Emulator might be using different baud rates. The solution is to try other baud rates. Baud rates can be
selected under Communication > Serial Port. To auto-detect the baud rate, use Online > Stop Data
Collection (or the corresponding toolbar button). If you have reason to believe that your computer is
having problems, do not hesitate to try a different computer!

If nothing happens when sending a break, initially check if

e You have forgotten to power the system.
e The DB-9 connector has fallen out of the computer
e You are using the wrong serial port.
e You have forgotten that new instruments ship with the battery disconnected.
e Computers do not always behave as they should and not all of them have serial ports available. If
one computer is giving you a problem, try another one instead.
If none of these points above solves the problem, continue with the troubleshooting tests described next.

2.1.1 Communication Test

2.1.1.1 Loop Back Test

The serial loopback test verifies that the serial port can receive the same characters as it sends. The aim
of this test is to short-circuit the Tx an Rx lines, send a character using the Tx line and loop it back to the
Rx line.

1. At the serial port

e Make a loop-back connector and plug it into your serial port as shown in the figure below.

e Now, run the test with the software’s built-in Terminal Emulator, and if that does not work, try
HyperTerminal instead (a terminal program that comes with Windows).

e Type characters - whatever you type should be echoed to the screen. Once you remove the connec-
tor, the characters should stop echoing back.

O \Bovo OJ
© o
© o
RAA
()]

Front Side Back

2-1: Serial loop back connector
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2. At the serial cable

e Plug the cable into the computer

e Put a loopback connector on the end of the cable; that is, short-circuit pin 3 & 4 on the 8-pin
underwater connector. This applies to RS-232 communication only.

e The same principle applies to RS422, except RX+/TX+ and RX-/TX- must be short-circuited - re-
spectively pin 8/3 and 7/4. This will be the same on the DSUB as for R$232, since that is after the
signal is converted.

y W4
6 5 Inline 8-pin connector

6 7 8 Flat 8-pin connector

2-2: 8-pin connectors

2.1.2 Test with both RS422 and RS232 communication

Our instruments are able to communicate at both RS232 and RS422. When not able to communicate with
the option installed it could be a good idea to try the different alternative. To do this you will need both
cable and harness wired for this communication.

2.1.3 Test with battery and power supply

Cables are often exposed to heavy use and the power connector might break. To ensure that this is not
the reason causing problems, be sure that you test the communication with both the power supply and
the battery inside the housing connected.

2.1.4 Cable Test

Check the cable for electrical short circuits or discontinuities using a multimeter (resistance tester).

e Keep the cable connected to the instrument, and disconnect the cable from the Interface box, PC
or power source.

e Pin 1 & 2 should show similar magnitude of Ohm. The same goes for pin 3 & 4 and 5 & 6 (see table
below for approximate values).

Pin Value of Ohm
1&2 1 MOhm
3&4 130 Ohm
5&6 1 MOhm
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2.1.5 Check Current Drain

If you have the possibility to power the instrument with a power supply that displays the current drain,
this could give good diagnostic data. Send the commands listed in the table below in the Terminal
Emulator. The instrument should not drain more than 0,5A continuously. Typical current drains are (15V):

Mode Command Current Drain
Command mode <BREAK> 8-12 mA

Power down PD 1-2mA
Measurement mode ST ~3-150mA (cycling)

When performing a current drain test here, we usually leave the power on for about 12-15 hours (perhaps
even longer) in advance to make sure the internal battery is fully charged. Note that the values above is
for RS232. Using RS422 will result in different values. Note also that the Continental has much higher
current drain.

2.1.6 Check fuse

If the instrument does not drain any current, disassemble the instrument and find the 3A fuse that is
protecting the power input. There should be close to 0Q between the terminals on the fuse. In other
words if your input power source is 15V there should be 15V on both terminals of the fuse.

=8 2-3: Fuse on circuit board

2.1.7 Check LED Indications

The midlife hardware has a dual LED consisting of one green and one red LED. The firmware uses the LEDs
to indicate the state it is in. The following combinations are used:

e Ashort red flash occurs when the board boots. This means that reception of a break will also cause
a red flash as well as start of a new measurement based on an alarm from the real time clock and
when power is applied to the board.

e Continuous green and red indicates that the board is in firmware upgrade mode.

e Continuous green only indicates command mode.

e In measurement mode, the green LED will flash when either of the beams pings. This will typically
indicate which part of the measurement cycle the system is in as the ping rate is usually much
higher in wave/diagnostics mode than during the regular profiling/point measurement.

| 2-4: LED light on circuit board
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2.1.8 Check Interface Box

e Check the LED light display. The lights will turn red in case of error.

o The upper light (“Power on”) shows the status of the main power, and will lit green when the power
is on.

e Rx and Tx indicators describe the status of the receive signal and the transmit signal, respectively.
The Rx will blink when the instrument receive signals, the Tx will blink when it transmits.

e The Error power and Error cable indicators lit in case of power or cable failure.
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2.2 INSTRUMENT STOPPED DURING DATA COLLECTION

There are mainly two problems that may cause an instrument to stop during data collection; power is
discharged or the recorder is full.

2.2.1 Power

The software that came with the instrument allows you to calculate the anticipated power consumption
as a function of the sampling scheme and planned deployment duration. The predicted power
consumption is given in percentage, where 100% signifies complete depletion of a chosen battery pack
for the particular instrument. Make sure the power requirements calculated in the deployment planning
dialog (see figure below) are met before deploying. Note that this calculation is based on using new
batteries only, and we recommend that you to always use fresh batteries when deploying an instrument.
It is just not worth taking any risk with possible non-collection or loss of data or any instrument failure
due to low battery level. Consider the cost of deployment and recovery of an instrument and place that
against the cost of a fresh battery pack. As standard practice, we always install a fresh battery pack before
every instrument deployment.

2.2.2 Full Recorder

Always start a new deployment with an empty memory. To erase the instrument's recorder:

e Make sure that you have transferred all the data you want to retain to your computer (if applicable)
and that the data is in good shape.
e Click Deployment > Erase Recorder.

It is also a good routine to pay attention to the Memory required review in the right side of the
deployment planning dialog (see screenshot below)

Deployment planning

Battery pack: | Alkaline - |

Battery capacity (Wh: 50
Assumed duration (days): 30

Batteny utilization 40
(% of capacity):

Memory required (MB): 0.5
Werical vel. prec. fcmss). 0.7
Horzont. vel. prec. (cm/is): 2.2
Fcell vel. prec. [cmis): 13
Compass update rate (s): 600

Power level: HIGH

2-5: Deployment Planning
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2.3 Suspicious DATA

If your data does not look right, the first step should be to check how the instrument was deployed.
Inspect its Pitch, Roll and Heading readings, in addition to pressure. This will in an efficient way tell you
how the instrument has behaved during deployment, and, most importantly, indicate whether the data
are trustworthy or not.

2.3.1 Signal Strength

The instrument cannot measure velocity properly if the water has too few scatterers. Your data will be
guestionable when signal levels are down around the noise level (around 20-30 counts), a rule of thumb
is that the signal should be at least 6dB higher than the noise floor. If your data does not look right,
particularly if you have unrealistic vertical velocities, consider the possibility that one or more of the
beams were blocked. If the blockage is somewhere inside the measurement cell of one beam, you should
see elevated signal strength for that beam. If the blockage is closer to the instrument, the signal strength
may not look very different from the other beams, or it could be substantially reduced. Below are some
examples of both good and bad amplitude profiles.

Signal strength Beam 3 (co  2¢10: 228 Signal strength Beam 1 (counts)
06.03.2011 07:20:00 25.10.2010 06:40:00
_|mm Prof 2 ===== Prof 1666 e Prof 42 === Prof 1042
50 i J
] Surface 2
N ok
45| 13_
40 i ]

A 1 2-6: Left: A good profile. The signal
12 strength profile starts high and

1 exponentially decreases with range.
At some point it increase

104 substantially because the transmit

\ pulse has met a boundary (surface
| or bottom). Note also the Noise

\ 8 Floor graph. The signal should be at
least 6 dB higher than the noise

g floor.

Distance (m)

\ J Right: Short range. The signal no
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2.3.2 Boundaries

In open waters, boundaries are not a concern, but if you want to use the instrument near the bottom or
surface, you should think about the boundaries as you design your experiment. If one of the beams cross
a hard boundary, whether surface, bottom or wall, velocity data from that beam will be bad, as seen in
the figure above. There are several different ways to improve the situation; one example is to change the
orientation of the instrument.

Profilers looking up or down typically loose data near the surface or bottom. This loss is caused by
contamination of the near-surface data by sidelobe echoes. The acoustic beams focus most of the energy
in the center of the beams, but a small amount leaks out in other directions. Transducer sidelobes are
rays of acoustic energy that go in directions other than the main lobe. Because sound reflects stronger
from the water surface than it does from the water, the small signals that travel straight to the surface
can produce sufficient echo to contaminate the signal from the water. Note that because the instruments
beams are narrow, sidelobes are not always a factor in your measurements. In general, sidelobes may be
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unimportant in water with strong backscatter, but they may contaminate your data when backscatter is
weak. Read more about sidelobes in the Principles of Operation.

The sidelobe interference will typically result in a bias towards zero for a bottom, unless the bottom is
moving. For the surface the bias will depend on the sea state or surface wind conditions.

2.3.3 Noisy Velocimeter Data

You may experience that the Vector works as it should, but that there is a lot of noise in the velocity
measurements. Noisy data may be caused by:

e Not enough particles in the water. Velocimeters cannot measure velocity properly if the water has
too few scatterers. Your data will be questionable when signal levels are down around the noise
level (less than 60 counts).

e The Velocity Range is set too high.

e The sampling volume is located beyond the bottom (typically if your test bucket is too small)

e Reflection and reverberation conditions at the bottom creating pulse-to-pulse interference
between acoustic pulses. Try moving the Vector probe up or down relative to the bottom.

e Probe malfunction. Test the probe (Online or Data Collection > Start Probe check). If the probe
really is malfunctioning, report the probe check result to Nortek.

e Grounding issues

2.3.4 Grounding Problems

Tests in laboratory tanks can sometimes lead to grounding problems that show up as elevated noise
levels, but only after the instrument is submerged in water. You will not automatically see the increased
noise level in your data if your signal from the water is above the noise, but the increased noise level
could look like signal. If grounding problems cause elevated noise levels, you may be able to reduce your
problems by coiling your cable into a tight bundle and raising the cable above the floor (i.e. placing it on
achair). Also, feel free to call us for further guidance. Keep in mind that grounding problems occur around
man-made structures, and are not normally a problem in the field.

Vector: One way to tell the noise level in the tank is to collect with the transmitter out of the water but
the receiver arms in the water. The signal you now see is noise only. Grounding problems will disappear
when you disconnect the Vector from the computer and from the external power supply. Collecting data
to the internal recorder using batteries can be an option to remove possible grounding problems in indoor
environments.

2.3.5 Velocimeters: Phase Wrapping

Please check out the Principles of Operation and “A Practical Primer for Pulse Coherent Instruments” (TN

027) (http://www.nortek-as.com/en/knowledge-center/technical-notes) for details regarding phase

wrapping. The essential is that the Doppler phase shift is computed using the covariance method, and
this restricts solving the phase difference within the range of [-i, ] or as reported by the planning
software. This introduces the problem of ambiguous determination of the phase shift; if the phase
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difference goes outside the range of im, the measurement uniqueness is lost, something known as
velocity ambiguity.

We see this phase wrapping in a velocity trace as an abrupt, unrealistic change in magnitude, usually with
a change in sign. While it is possible for phase wrapping to occur without a sign change, this would be the
result of an extremely large wrap where the phase shift exceeds 2m, in which case decorrelation would
likely occur first.

It is generally best to avoid phase wrapping issues as the time spent correcting them is often significant.
The best tip is to have some prior knowledge about the area of interest, so that you can set the Velocity
Range properly.

2.3.6 Velocimeters: Diagnostic Testing Using the Probe Check Function

The Probe Check is a powerful tool to give insight into the operation of the instrument. The check gives
you "eyes" onto the region where the instrument is making measurements by showing how the signal
varies with range. The figures below show you Probe Check displays resulting from different problems.
All of the following apply for probes in the water, unless otherwise noted. These probe checks are from a
Vector, but the same effects are valid for the Vectrino as well.
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Boundary too close: The leading edge (G) of the boundary echo should be no closer than 110 sample
counts. If the boundary is close to the sample volume, scrutinize the velocity to make sure it is OK.

0 150 300 [mm] 450

Too little backscatter: The signal level (H) should reach at least 70 counts.
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Broken probe indicated by flat signal around 40 counts: Return the instrument to the factory!
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Weak or non-functioning receive transducer: If one receiver differs from the others by more than 20 counts
(1), clean the receive transducer and make sure it is not blocked. If this does not rectify the problem, return

the Vector to the factory.
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Noise level is too high indicating a possible grounding problem: If the average signal in the area marked
(J) is more than 80 counts, you may have a grounding problem — see Grounding Problems.
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Grounding problem: This illustrates a testing of the probe by placing the receivers in water, but leaving
the transmitter out of water. The grounding problem in indicated by the signal in region (K) being above
70 counts — see Grounding Problems in this chapter of the manual.

2.3.7 Velocimeters: Mooring Vibrations

Excessive mooring vibration can adversely affect your data. Vibration introduces spurious velocities and
interferes with the proper operation of the tilt sensor. You may be able to detect intervals of excessive
vibration by looking closely at your data. If you discover that mooring vibration is a problem, you should
try to find ways to reduce the vibration. Read more about this in the Mounting Guideline.

2.3.8 Vessel Mounted Current Profiler Data

2.3.8.1 Unrealistic Values

The problem may result from three different reasons:

e Missing or bad quality data from the GPS. You should check that the interface is present and
installed with correct port number and baud rate.

e Low amplitude. Observe the Signal Strength under the Vessel Profile Graph display. A stable low
counts value (straight vertical line) at all depths is a strong indicator that something is wrong. The
cause of low amplitudes may be barnacles present on the transducers, thus they need to be
cleaned. In case, it is highly recommended to avoid using strong detergents. You may also want to
check that the depth cell chosen (Calculations menu) for closer review has amplitude high enough
(>5 counts above noise floor) to give credible data.

e Bad or no calibration. The directional information appears to be random or unlikely, e.g. the sticks
in the stick plot tend to turn along with the vessel heading, or there is asymmetry in the velocity
sticks. The solution is recalibration. Follow the calibration procedure described in the VMCP Quick
Guide

e Unstable current readings; each second, instrument produces very different current readings. Set
the averaging interval to a minimum of 30 seconds.

2.3.8.2 No or Intermittent Data

The problem may result from three different reasons:


http://www.nortek-as.com/en/support/manuals
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e Failure of the Interface box. You should perform an inspection of the Interface Box. If one of the
two lower LED lights lit red, there is most likely a problem with the cable.

e Failure of the cable or connection. Please perform a Cable test; check the Ohm value of the 6 pins
(see values here: Ohm values table).

e Failure of the instrument. If the cable, interface unit and PC appear to be ok, and the system is still
failing, please contact Nortek in order to discuss further actions. In case, please send the following

raw data files

o SurveyVM v1: *.adp, *.gps, *.gyr, *.rcf,

o SurveyVM v2: *.wpr, *.ves, *.svm,
preferably also with a completed Trouble Report (Appendix B) to inquiry@nortek.no for further
guidance.

2.3.8.3 Calibration Sanity Check

The VMCP scaling corrects for sound speed errors and hull-induced flow effects. Because both of
these are normally small, the correction should be between 0.9 and 1.1 —ideally between 0.98 and
1.02. You can detect small errors in your calibration parameters by inspecting the stick plots:

e If you see a consistent current to the right or left of the ship track, suspect a small error in
the heading offset. If you see a current that tends to follow the direction (or opposite the
direction) of the ship, suspect an error in the VMCP scaling.

e If you have a large error in either factor, you will see a large error in the readings that should
be quickly apparent. For example, if your display shows strong currents across the ship track,
but the ship’s compass lines up with the course track; suspect a large error in your calibration,
or that profile averaging includes the bottom.

In installations in which the navigation system provides compass readings already corrected to true
north, your heading offset angle should reflect primarily the transducer mounting angle offset. You
can quickly check this offset in the Current display. When you click the RAW button, the next
Current display will show you the uncorrected current. This current should point opposite the
direction of the ship (see figure below).
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2-8: Example of a "RAW" current display, i.e. when the heading offset includes correction only for installation offsets, but not
compass offsets.
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2.4 RETURNING INSTRUMENTS FOR REPAIR

Before any product is returned for repair, you must have obtained a Return Merchandise Authorization
(RMA) number in writing from Nortek AS. Copy the Proforma Invoice (Appendix C) template, or make
your own, but be sure to include all the information requested in the Proforma Invoice. Also, be sure to
include a copy of all shipping and export documents inside the freight box.

Important! Nortek AS does not cover freight insurance on repairs. You must make sure your goods are
properly insured before shipment. Nortek AS is by no means liable if instruments are damaged or
disappear while being shipped to Nortek for repair. Likewise, Nortek AS is not liable for consequential
damages because of instruments becoming damaged or disappearing while being shipped to Nortek AS
for repair. Nortek AS will insure the instrument upon returning the goods to you and invoice you for this,
along with the repair- and freight costs. If the instrument is under warranty repair, Nortek AS will cover
the transport and freight insurance from Nortek AS back to you.



Chapter

3 SYSTEM INTEGRATOR - LIGHT

This chapter covers:

v" Analog Inputs
v" Analog Outputs
v" Synchronization

This chapter cover the subject on how to use Nortek instruments together with other instruments. For a

more comprehensive System Integrator Manual, check out the one available here: http://www.nortek-
as.com/en/support/application-development. This manual provides the information needed to control a

Nortek product with a non-PC controller. It is aimed at system integrators and engineers with interfacing
experience.
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3.1 ANALOG INPUTS

You may connect external sensors to the two analog inputs of most Nortek instruments (not the Vectrino).
They may be powered, and their data output may be stored in the instrument during a deployment or
downloaded in real time. The instrument can read both analog inputs at the same time. The input range
of the analog signal is 0-5 volt. The reported value from the Nortek instrument is counts. The scaling is V
= (Counts/65536)*5 due to 16 bit AD converter.

Power out can be software selected by sending a HEX command in a terminal emulator.

Voltage Level Command Maximum Current
RAW OPWRBA 500 mA
+12V OPWR12 100 mA
+5V OPWR5V 250 mA

Be aware that the power out is turned off when the instrument is in sleep mode, as this contributes to
reducing the system’s power consumption significantly. Consequently, the external sensor used must be
capable of automatically resuming its duties once the power comes back and it must do this within 1 sec
after power up in order to provide correct data for the first sample. Please be aware that

e Power at 5 and 12 VDC comes through switching regulators. This means that power drawn from
the battery pack is 15-18% greater than the power consumed by the external device.

e The output voltage is protected against short-circuit with a 1-amp fuse. To protect the Vector
circuitry against external sensors providing an output voltage in excess of +5.0V, there is a clamping
diode on the input with a current limiting resistor in series. The diode will conduct at voltages above
approximately 5.3V. To achieve stable conditions during testing, the +5V_SEN net can be powered
up from command mode by sending the hex command 435001C4.

e The output voltage turns on at least 0.8 s before the beginning of a measurement interval, and it
turns off again at the end. The first measurement of the analog inputs occurs roughly 0.9 s after
power is applied.

e The planning software does not consider power consumption of your external devices when it plans
deployments.

o The data from the external sensor will not be affected by the instrument data quality. For example,
the external sensor’s data will be totally unaffected even if the instrument is out of water and thus
measuring noise only.

e The input impedance of the analogue inputs is 468 kQ/100 nF
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For the Vector, there is a choice between fast and slow sampling. When choosing slow, the sampling is
done once a second together with the other non-velocity sensors. If fast is chosen, the analog sensor is
sampled together with the velocities at for instance 8 Hz.

To activate powering of the external sensor:

o Inthe instrument software click Deployment > Planning > Use existing or use Load from Instrument.

e Check the “Use Advanced Settings” box and go to the Advanced tab.

e Define which analog input (1, 2 or both) to use. AquaPro: Profile is used to sample data at the same
rate as profile measurements are started, while Wavesample is every time a wave burst
measurement is started. The Profile & Wave is used to sample data every time a profile or a wave
burst measurement is started. Only one of the inputs can be set to sample while wave
measurements are made. A warning will appear if you attempt to set them both to wave related
sampling. AWAC: The difference from the AquaPro is that Wave samples every time an AST wave
measurement is started. The Profile & Wave is used to sample data every time a profile or an AST
wave measurement is started. Vector: Fast is used to sample data at the same rate as the Vector
itself, while Slow samples once per second. Only one Slow input is permitted.

If you want to power the external sensor from the instrument you must check the Output power box. The
output power is configured in hardware by Nortek and can be raw (i.e. battery power), +5V, or +12 V (c.f.
table above). The raw setting is the default setting and all instruments come with this setting unless
otherwise was specified upon ordering.

3.1.1 Example of Calculation of Energy Consumption

If you are interested in calculating energy consumption, the following example might be helpful. It covers
the energy consumtion of an OBS3+ sensor, 15 mA, 5-15V supply, that are set up for 30 days deployment.

Duty cycle of OBS: (2048samples/4Hz)/1200sec measurement interval = 43%.

Output power voltage set to battery: 11V*15mA*43% = 71mW per sensor. Energy per sensor:
30days*24hours*0.071W = 51 Wh. That is 102 Wh for two OBS sensors.

Output power voltage set to 12V: 1.25*%12V*15mA*43% = 97 mW per sensor. Energy per sensor:
30days*24hours*0.097W = 70 Wh. That is 140 Wh for two OBS sensors.

Output power voltage set to 5V: 1.25*5V*15mA*43% = 40mW per sensor. Energy per sensor:
30days*24hours*0.040W = 29 Wh. That is 58 Wh for two OBS sensors.

3.2 ANALOG OUTPUTS

Our single point instruments have the option of outputting data analog represented. The voltage output
is 0-5 volt. To use this function Nortek AS need to provide a head file with this enabled. Available outputs
are 3 velocities (E/X/B1 N/Y/B2 U/Z/B3) and pressure. For standard cable only 3 outputs are available — 3
velocities are default. 0 m/s is reported as 2.5V, -velocity range as 0V and +velocity range as 5V.
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In both the Vector and the Vectrino, the scaling output for the velocities is chosen in the deployment
planning. It is important to select an analog range that matches the velocity range. You could in principle
use an analog range of +/-7m/s and a velocity range of +/- 1m/s, but you would lose a lot of precision.
The best thing is to first decide what maximum velocity that you want to measure and then select the
minimum velocity range and analog output range that includes that velocity.

Example:

The maximum expected vertical velocity is 0.8 m/s.

The maximum horizontal velocity is expected to be 2.3 m/s.
Select the +/- 2m/s velocity range

Select the +/- 2.5m/s analog range

If the expected maximum horizontal velocity had been 2.9 m/s instead, you could still use the +/- 2m/s
velocity range, since the maximum horizontal velocity would then be 3.5 m/s. But you would then need
to use the +/- 7m/s analog output range to be able to represent the velocities from 2.5 m/s to 2.9 m/s
with the analog output voltages. Note that the velocity range is different in the vertical and horizontal
direction whereas the analog output range is the same for all components, beam, XYZ or ENU.

3.3 SYNCHRONIZING WITH OTHER INSTRUMENTS

3.3.1 Vector

Sync out

The Vector can be synchronized with other instruments via the Syncln and SyncOut. The synchronization
option requires that the correct wiring harness is installed in your system. The SyncOut signal consists of
1.95 ms long, 3.3V pulses that can be configured for two different schemes of output synchronization.
The selection of the type of SyncOut signal is made on the Advanced tab in deployment planning. If Output
Sync for other sensor is selected, the SyncOut pulse will be output in the middle of each velocity-sampling
interval. If Output Sync for Vector is used, the SyncOut pulse will be output at the completion of each
sampling interval. In addition, one SyncOut pulse will be output when the sampling of velocities is started.

Sampling
interval

I
|
|
|
I -
I Output sync for other sensors
: p

I

'

Output sync for Vector

3-1: Sampling Interval

Syncin
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The Syncln signal permits external control of the sampling. There are three possible modes of operation
that can be set for Input Sync:

e No Sync. Inthis mode, the Vector ignores the Syncin signal and data collection starts under software
control only.

e Start on Sync. In this mode, the Vector starts data collection on the rising edge of the Syncln signal.
Sampling of velocities then proceeds at the set sampling rate. After data collection is started the
Syncln is ignored.

e Sample on Sync. In this mode, the Vector outputs a sample after every rising edge of Syncln. To use
this mode, the Start on Sync mode must be used as well. Therefore, the first rising edge starts the
averaging process for the first sample only. The first data sample is output on the second rising
edge of Syncin. The output data at each rising edge of Syncln will correspond to an average since
the previouis rising edge of the SyncIn. The Vector must be configured with the setup software for
a sampling rate that is equal to or higher than the sampling rate that will be used. For example, if
the signal on the Syncln input to the Vector is generated to correspond to a sampling rate of 25 Hz,
the Vector should be configured in software for a sampling rate of 32 Hz. In most cases, it will be
sufficient to synchronize different Vectors using Start on Sync. Instruments shipped after November
2000 are fitted with a real time clock with an accuracy of +1 min/year over a temperature range of
0-40 °C. Over a burst period of for example 1 hour, the maximum clock drift between two Vectors
will then be 13.7 ms. Since they will operate at the same temperature the clock drift is likely to be
even smaller. At 8 Hz sampling rate, this will be 1/10 of a sampling interval over one hour of
measurements.

_ Sample on sync

Start on sync oy ¥

Sync 1n signal
Sampling intervals

Data out

3-2: Description of sync and sampling and data out intervals.

Output of the Vector system data (compass, tilt and temperature) is not synchronized between different
Vectors through the use of the Synclin signal. Instead, the start on the sync edge that is present in both
synchronization modes is used to start the 1 Hz output of the system data. Each Vector will then output
its system data based on its internal real time clock. This implies that the number of system data outputs
may vary slightly from one instrument to another. Note that this is not a problem for the synchronization
of the velocity measurements. The compass and tilt data are used internally in the Vector to ensure
correct transformation of the velocities to earth coordinates when ENU is selected as coordinate system.
In detail, each Vector configured for Start on Sync will output system data in a certain order at the start
of continuous measurement and at the start of each burst when configured for burst measurements. The
system data are output in the following order:
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1. Output header containing noise measurements and date/clock.

2. Output one sample of system data.

3. Wait until external trigger is detected and then start to output system data at a 1 Hz rate based on
the local clock. Velocity data will be output according to the configured synchronization scheme.

Specifications of Signal Levels

The Syncln input voltage must be between 0 V and 5.0 V. The Syncln is a Schmitt Trigger input with a
pulldown resistor of 100kQ to ground. The input threshold values for the Syncln are:

e Vt+ input positive threshold, 2.2 V
e Vt—input negative threshold, 0.9 V

A
5V
High
2.2V
0.9V
Low
ov >

3-3: Input threshold values for Syncin
The output voltage levels for the SyncOut are:

e Voh high level output voltage, min 2.5V
e Vol low level output voltage, max 0.45 V

3
5V
Von high
2.5V
0.45Vv
oV Vo low "

3-4: Output voltage levels for SyncOut

There is spike protection on both signal ports but there is no filtering on the input port. It is important to
consider noise issues (ground loops, etc) as noise may cause an unwanted start on sync trigger.
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Example 1 Running three Vectors with synchronized sampling of velocities in continuous mode.

Connect the SyncOut line from one Vector to the Syncin line on the two other Vectors. Connect the ground
cables together. Choose Output Sync for Vector for the first Vector. This will be the master. In the setup
for the two other Vectors that will be slaves, check both boxes in the Input Sync (Start on sync and Sample
on sync). With the rest of the setup identical for the three instruments start the two Vector slaves first.
When the master Vector then is started, it will trigger the start of the other two Vectors.

Example 2 Running three Vectors with synchronized sampling of velocities in burst mode.

Connect the SyncOut line from one Vector to the Syncin line on the two other Vectors. Connect the ground
cables together. Choose Output Sync for Vector for the first Vector. This will be the master. In the setup
for the two other Vectors that will be slaves, check both boxes in the Input Sync (Start on sync and Sample
on sync). Use identical setup for the rest of the configuration parameters for all three instruments.
Synchronize the clocks in all the Vectors. Start Recorder Deployment for the master Vector setting the
deployment time to the time when you want the instrument to start (for example 4.00.00 p.m. or 16.00.00
— exact time format depends on your computer’s settings). Start Recorder Deployment for the two slave
Vectors setting the deployment time to the deployment time of the master Vector minus 10 seconds (in
this example 3.59.50 p.m.). The two slave Vectors will now wake up in each burst 10 seconds ahead of
the master Vector. After outputting the burst header and one set of system data they will then wait for
the start on sync trigger from the master Vector so that all three instruments will start the data acquisition
simultaneously (in this example at 4.00.00 p.m.). The two slaves will then continue taking data at the
identical rate of the master Vector as they receive the sample on sync triggers from the master Vector.

The same procedure can of course be used if only synchronized startup is required. The only difference is
that the Sample on sync box in the Input Sync configuration must be left unchecked.

Example 3 Starting three Vectors simultaneously from another instrument

Connect the Syncln signals from the three Vectors together with the sync output line from the instrument
providing the start on sync signal. Ground all the four instruments together. Using identical and desired
setups for the three Vectors start all of them with the Start on sync option configured. Generate the start
on sync trigger from the other instrumentation.

3.3.2 Vectrino

Your Vectrino can be synchronized with other instruments via a pair of sync lines. To avoid noise problems
and to make cabling easier, the two sync lines are RS485 which is balanced and bi-directional. The sync
lines are labeled Sync—and Sync+.

Synchronizing Multiple Vectrinos

e Connect all the Sync+ lines together and all the Sync— lines together. All instruments should share
a common ground.

e Select one instrument as the master and the rest as slaves (Input sync) in the software.

e Start data collection in all slaves before starting the master. The slaves will then wait for the first
sync pulse from the master before sampling commences. If you use Sample on sync, all instruments
should be configured with the same sampling rate.
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Synchronizing From a TTL Source

TTL signal levels can be mixed with the RS485 levels of the Vectrino: Connect your sync pulse to Sync+
and connect Sync— to a constant voltage, 1.5 volts for instance. This provides a defined transition when
the TTL signal changes, which is not the case if you ground Sync—.

When Vectrino functions as master, the Sync+ line can be connected to the TTL input and the two systems
must be connected so they share common ground.

How Synchronization Works

Output Sync (operating as the master) transmits a pulse on RS485 with a duration of 40 us. SyncOut for
Vectrino transmits the pulse by the end of the sampling interval and a single pulse at the beginning of the
first sampling interval to start everything. For other sensors, SyncOut transmits a pulse at the middle of
the sampling interval. Input Sync triggers on any edge, rising or falling, on RS485. After each trig, the input
is discarded for the next 64 ps.

RS485 levels
These levels define the signal the Vectrino reads for Input Sync:

e High level: Sync+ > Sync— by 200 mV
e Low level: Sync+ < Sync— by 200 mV

Noise problems

If you encounter noise problems, try terminating the Sync+ line at the TTL input by connecting a 120 ohm
resistor in series with a 1nF capacitor between the Sync+ line and ground. The best solution for external
sync is using RS485 as the input/output device.

Note: This implies that a Vectrino can operate as a master for a Vector, but the opposite is not possible.
Example: Vectrino master and Vector slave

e Connect ground of the two systems together

e Connect sync+ (sync2) on the Vectrino to Synclnput on the Vector

e Configure the Vectrino with the desired velocity range, 30 Hz sampling rate and select output sync
for Vectrino and check the box for master

e Configure the Vector with the desired velocity range, continuous sampling, the next higher
available sample rate (so 32 Hz in this example) and check the boxes for start on sync and sample
on sync

e Select the file name for disk recording in both software instances and make sure you also start disk
recording in both software instances at this point.

e Press Start Data Collection in the Vector software

e Press Start Data Collection in the Vectrino software

e The measured data will now be shown on the display and stored to file, synchronized to each other.
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Chapter

4 MOUNTING GUIDELINE

This chapter covers:

v" What considerations should be made before deploying
A brief review of the forces working on a typical mooring
Mounting alternatives and equipment

Deployment planning and special considerations

ASANE NN

List on how to ensure quality data

The primary goal of any instrument deployment is to keep the mooring at the chosen location and to
make as accurate measurements as possible. The success of a deployment depends both on the ability to
estimate the range of conditions that the deployment site may be exposed to and to design a structure
that will survive those conditions. The most important environmental conditions are wind, waves,
currents and tides. In addition, the pressure constraints, fouling and corrosion are aspects that will
influence the deployment to a certain degree.

It is wise to think through all aspects affecting the deployment and to have a clear target for the
deployment. What do you want to measure, and for how long? At which location and what influences will
the surrounding environment have on the measurements? The different seasons of the year may also
present different limitations and challenges.

The deployment site should be carefully assessed. There are a number of aspects to consider regarding
the deployment site that might play a role when it comes to successful data collection. To mention a few:
An idea about the bathymetry of the area and the bottom conditions may avoid failure during
deployment. Burial of the instrument in sandy areas is of course something that should be avoided. The
salinity (and temperature, but this is measured directly) affects the speed of sound, and knowing the
salinity level ahead of the data collection may save time when post-processing the data. The scattering
level is usually not a problem, but should be considered in areas with few particles in the water (e.g. the
area between 1000 m below the surface and 100 m above the bottom is challenging from a Signal-to-
Noise Ratio (SNR) point of view). If the instrument is located in an area with seasonal sea ice, a surface
signature (buoy) is usually not recommended. If there are any other human activities at the site, e.g.
trawling, this can be disruptive and even destructive for the measurements. The choice of mooring line,
flotation and anchor should depend on the type of mooring and environment in which it is deployed.
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4.1 FORCES ACTING ON A DEPLOYMENT

When working with mooring design it is important to find the appropriate compromise between the
various forces acting on the deployment system.

Forces in the vertical direction include:

e Buoyancy (mass * gravitation), which is positive upwards (buoy) and negative downwards
(anchor).

e Tension from above.

e Tension from below.

e Drag from any vertical current.

Forces in the horizontal direction:

e Angled tension from above.
e Angled tension from below.
e Drag from any horizontal velocity.

4.1.1 Buoyancy

Positive buoyancy comes from objects that have an upward directed force when submerged, that is,
objects that have a density that is lower than the water around it. Negative buoyancy represents a
downward force. To determine the buoyancy of an object, knowledge about the mass and the volume of
the object is essential. Remember that the actual buoyancy is the mass of the seawater the object
displaces (volume of object * density of water) minus the mass of the object (Archimedes law). It is of
primary interest to keep a mooring as vertical as possible; therefore, sufficient buoyancy is essential, at
the same time as the handling of the deployment is not affected (e.g. not too heavy).

4.1.2 Tension

The tension in the mooring line is the sum of the static and the dynamic load. The tension pulls downward,
upward (depending on buoyancy) or in an angle, but it never push. The static component is linked to the
weight of the mooring line, the instrument and the other immersed constituents of the deployment. The
dynamic load is induced when the deployment moves up and down in step with the vertical and / or
horizontal motion introduced by waves and currents. The dynamic load is also influenced by drag forces
(explained in the next section) caused by the mooring line and payload’s instantaneous speed, and the
inertia force, caused by the mooring line and payload’s instantaneous change of speed.

4.1.3 Drag

The drag force (hydrodynamic resistance) is a resistive force that opposes the motion of an object through
a fluid. The drag experienced by an object depends on the size and form of the object, and the velocity of
the surrounding currents or the wind. The drag force is a combination of viscous and pressure effects.
These two effects are concurrent, and their relative magnitude depends on the flow past the object. If
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the flow is laminar, shear stresses dominate, and the drag is mainly due to friction of the fluid on the
surface of the object. The combination of fluid speed and shape of the object may result in a wake behind
the object. The pressure difference between the upstream and downstream side of the object causes
pressure drag.

Most drag data are empirical and obtained by direct measurements, but for an approximate calculation
of the drag, the following equation can be used:

(1) F = CppAV?

Here, F [N] is the drag force, p [kgm_3] is the mass density of the fluid, A [m?] is the cross-sectional area
and V [ms~1] is the relative velocity. The drag coefficient,Cp, is a non-dimensional force that is dependent
upon the body shape in the flow field, and can be calculated by:

@) Cp= 2= f(Re,a)

Where a is the angle between the flow direction and the specified body axis (no tilt: a = 0). Re is the
dimensionless Reynolds number, defined as:

_yd
(3) Re=V~

Where d [m] is the characteristic length scale of the object and v [m?s~1] is the kinematic viscosity. The
Reynolds number is used to characterize flow regimes; it tells us what type of flow we can expect in the
wake of an object. It describes the ratio of the inertia forces over the viscous forces. In case of low
Reynolds number (Re < 1) the viscosity effect is large and we can expect laminar flow behind the object.
If the Reynolds number is large (Re > 1000), the flow is turbulent. Note that these quantities / limits should
only be considered indicative. The take home is that the flows become turbulent at high values, where
“high” means values much greater than unity. When the flow is turbulent, vortex shedding may occur.

There are two primary problems associated with the drag force; mooring excursions and inclination of
the mooring components. Horizontal displacements cause errors in current observations. This is due to
the reduced velocity relative to the current sensor during the period the mooring needs to reach its
equilibrium after a change in currents. The instrument may also move deeper (lay down) in the water
column as a result of exposure to drag forces, with measurements in a different location than intended
as a result. In addition, the velocity data may be contaminated / useless due to excessive tilt. In addition
to the steady drag force, there are also fluctuating lift and drag forces associated with the already
mentioned shedding of vortices.

In order to predict changes in the excursion and inclination when designing a deployment, drag forces
must be calculated for the expected current conditions. These can also be used to predict errors in the
data, since a certain amount of movement cannot be avoided.
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Most Nortek products can be used in either stand-alone or online mode. In stand-alone mode, data are

collected to the internal recorder and power comes from internal or external batteries. In online mode,

data are transmitted to shore in such a way that the measurements are continuously available.

4.2.1 Stand-Alone

4.2.1.1 In-line Mooring

Two general in-line mooring methods are presented, referred
to as an L-mooring and an I-mooring.

The L-mooring, illustrated in the figure to the right, is a
deployment setup that is suitable for shallow water moorings.
The advantage of the L-shape is that the instrument is
protected from the winds, waves and currents that the surface
buoy is exposed to. This will prevent waves and bad weather
from influencing the data quality (depending on the distance
from the surface of course). Having the hardware submerged
and away from the most dynamical part of the water column
leads to a considerable reduction in component fatigue due to
surface-wave action. The surface buoy works as a signature of
where the instrument is located, and as an aid in the retrieval
of the system.

It is recommended to attach a subsurface buoy along the
mooring line resting at the bottom. If something should happen
with the surface buoy or the mooring line attached to the
surface signature, this form of backup recovery is a good idea.
It is easier to catch the line if it is lifted off the bottom by the
buoy compared to when it is resting along the bottom. Another
improvement recommended is to add a subsurface buoy above
the anchor to the left, as illustrated. This will prevent abrasion
of the line during e.g. low tide. The magnitude of the buoyancy
must be such that no part of the cable touches the ocean floor
under slack conditions.

The bottom mounted surface penetrating I-mooring can be
used at all depths. The figure to the right shows a typical I-
mooring with the instrument pointing downward. An
alternative is to mount the instrument looking up.

The disadvantage of using a surface signature like this is that
the buoy is exposed to storms, waves, winds and strong surface
currents. The motion transferred to the buoy by the

Figure 4-1: L-mooring

Figure 4-2: I-mooring

environment makes this method tortuous, as this motion contaminates the instrument measurements.
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One must thus consider the effect of surface waves, ocean currents, bio-fouling and other factors that
can vary with the time of year, location and regional climate and weather patterns. Storms, ships, ice, and
vandalism can damage surface buoys. A good alternative is to use a subsurface float; an acoustic release
mechanism is a keyword for this solution.

A taut mooring extending from the surface to the bottom must include a mooring line that has the ability
to stretch, to compensate for the large vertical excursions that the buoy may experience during the
change of tides and with passing waves and swells. A taut mooring has the advantage of reducing the
buoy watch circle (the freedom of movement of a buoy, defined by the mooring length) and sensor
motion, and it is relatively easy to deploy. The disadvantage is that the wave action and high static tension
under severe current conditions cause high dynamic loading. The latter can be reduced by replacing a
part of the mooring line with a slack part, as the figure above illustrates, referred to as a semi-taut
mooring. The disadvantage then is that the motion of the buoy and the sensor may become considerable,
thus introducing errors in the measured velocity. In the above illustration, a chain (working as a dead
weight anchor) is added right above the slack part to reduce excessive motion. In addition, it is a good
idea to include a subsurface buoy along the slack line, to prevent the slack part to be exposed to rubbing
against the anchor and bottom during e.g. low tide.

A taut mooring is recommended where there is minimal variance of water level, low currents and small
waves. The dynamic loading requires use of a larger size anchor than semi-taut mooring. The semi-taut
mooring enables more buoy movement than the taut mooring, but it absorbs better the energy that might
disrupt the performance of the taut mooring.

It is possible to attach several instruments along the same mooring line. The vertical distance between
each instrument attached (and the along beam range of each instrument) must determine if the
instruments should transmit signals out of step with each other, to avoid interference. To ensure vertical
orientation for each instrument along the line, you should include a subsurface float above each
instrument. The minimum distance between the instrument and the buoy should be 10 m, to avoid
interference from the buoy in the collected data.

The design of the mooring must focus on minimizing the motion of the instrument and disturbance in the
flow, so that the sensor does not sample in its own turbulent wake, as this may generate significant errors
in the data.
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4.2.1.2 Subsurface Buoy

The most common reasons for mounting an instrument in

a subsurface buoy are 1) measurements required in &
deeper water and 2) better resolution of high frequency é
waves. These two reasons are intimately coupled. Long

term directional wave measurements in deep water
environments are intrinsically difficult to achieve. This

depth limitation has to do with the spatial separation of

the measurement cells, described briefly in Measuring

Waves section, and more thoroughly in the Principles of

Operation document, part |ll. The ability to mount a wave

\
|
1
close enough to the surface for high quality wave ‘;
measurements yet be removed from the dangers of L//\.l

-
-

gauge on a subsurface buoy permits the instrument to be

exposure at the surface.

The type of subsurface buoy illustrated in the figure to the Figure 4-3: Subsurface buoy with instrument
. . . . . mounted inside

right is designed to allow the instrument to make velocity

profiles unobstructed by the mooring hardware. The

advantage is, as mentioned, that the buoy is located away from surface forcing, thus it is not subject to
surface excitation. The disadvantage is that if the currents in the area are too strong, lay down of the
mooring and unrecoverable high tilt may invalidate the measurements. In addition, current profilers
cannot measure the top 5-10% of the water column due to acoustic Sidelobe interference (cf. Principles

of Operation, Part ).

A deployment can be improved by adding a subsurface buoy right above the anchor to the left (figure
above), to avoid rubbing, and a buoy along the line resting at the bottom, to make it possible to catch and
retrieve the instrument in case of surface buoy loss or mooring line snap.

The subsurface buoy may rotate under the influence of tides, waves and currents. This restricts the use
of subsurface buoys to deployments with the goal of measuring current profiles or current areas, and to
instruments capable of processing wave data using the SUV method (Surface tracking and U & V velocities,
cf. Principles of Operation, Part Il), if wave data is of interest. The movements of the buoy are measurable

by sampling compass, pitch and roll data simultaneously with velocity measurements, with the same rate,
enabling elimination of the buoy movement from the data. Most wave processing methods are
mathematically incapable of solving wave parameters if there is instrument movement and thus require
that the instrument does not move or rotate during data collection. This problem is solved by utilizing the
SUV processing method. This method requires AST and is therefore exclusive to the AWAC system.

As an alternative to the surface buoy signature, the instrumentation may be recovered by disconnecting
the mooring line from the anchor by use of a pop-up buoy with an acoustic release mechanism. With a
pop-up buoy, the surface signature is no longer needed.

Using a subsurface buoy with a short mooring line to the bottom (corresponding to a bottom mount) is
convenient in coastal areas with moving sand, waves or very soft bottom types, as this avoids burial. In
regions with irregular / sloping bottoms, use of subsurface buoy facilitates vertical orientation of the
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instrument, as opposed to using bottom frames. Subsurface buoy moorings are also favorable at latitudes
with seasonal ice, because the buoy allows continuous collection of data undisturbed of the sea ice.

When using a subsurface buoy it is important to understand how the natural frequency of the buoy may

contaminate the data collection.

4.2.1.3 Bottom Mount

The bottom frame is typically used in fixed deployment

situations. The advantage of mounting the instrument at the é -
bottom is the reduced chance of measurement errors due to
instrument motion and movement from interaction with the

surface (waves, wind), or motion transferred from the

mooring line during in-line mounting. When using a bottom

mount, the emitted beams are not in the risk of encountering

any obstructions related to the deployment setup. It also

avoids shipping hazards to some extent.

If the deployment depth is shallow, the mounting frame may

be exposed to strong forces due to the orbital currents that [ -

waves generate. The design of the frame should therefore be »  #\

compact and heavy. This and other considerations regarding

bottom frames are listed in the next chapter. Note thatif your  rigure 4-4: Bottom mount

plan is to make measurements near the surface from a

bottom mounted instrument, the tilt must be as small as possible. If the bottom is not level, it might a
good idea to use a gimbal together with the AWAC, or use a subsurface buoy as mentioned in the previous
section.

If measuring waves is the focus of a deployment, bottom mounted gauges work well in shallow water.
However, in depths greater than a certain limit, bottom mounted wave gauges are not able to provide
the directional resolution necessary for most research and commercial requirements. This limit is
determined by the signals associated with orbital velocities and pressure attenuation, and the fact that
they attenuate exponentially with depth. Read more about this in the Principles of Operation, Part Il.
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4.2.2 Online Mode

4.2.2.1 Offshore Cable

The Nortek cable is specifically designed to withstand
the harsh ocean environment, suited for applications
requiring robust communication or large bandwidth.
The cable is tough, resilient and easy to handle. Nortek
recommend using this cable for all long term monitoring
projects. This is an excellent solution for online
applications where the risk of losing a surface buoy is
too great. Depending on the instrument configuration,
the cable can be use in applications that require up to
2000-3000m cable.

Figure 4-5: Bottom mount and offshore cable

The instrument is connected to a 2-m extension cable
(see below)that is molded onto the tough online
cable. To make sure the instrument connector does not easily come loose, a braided jacket ("Chinese
finger trap", see element 0 in the Figure below) with strength of several 100 kg is attached to the online
cable and should be attached to the deployment frame before or during deployment. The cable is suitable
for providing power and communication to Nortek instruments (typically the AWAC) for distances of up
to 5 kilometers. The outer jacket of the cable is a tough and plyable polyurethane jacket that is especially
formulated for exposure to abrasion. The cable has a breaking strength of more than 700 kg but should
not be used for hosting purposes.

Cables arguably provide the most reliable means of communication. A less obvious drawback is that due
to their exposure there is an element of survivability which is very dependent on the environment around
the cables. It is important to be aware of these risks as well as the precautions that can be taken to
minimize them:

Weighting cables. This is important in order to reduce the exposure of a cable. The cable has a weight of
27 g per meter in seawater and a specific gravity of 1.23. Thus, the cable has negative buoyancy (it will
sink). Nevertheless, it should be firmly weighted to the seafloor as this makes the cable less susceptible
to wear and tear. Exposed cables are more susceptible to being snagged by fishing gear and anchoring.

Strain relief. The concept here is that when the cable is exposed to heavy loading, the connectors will
stay connected, but separate before the cable breaks. The strain relief mechanism is designed to take a
load of 200 kg. The already mentioned “Chinese finger trap” attached to the frame relieves the connector
between the instrument and the cable.

Voltage drop. The voltage drop (Vdrop) along a cable is a function of the current drain (1), linear resistance
of the cable (RI), and the cable length (L); Vdrop = I*RI*L. The typical current drain during the
measurement cycle for an AWAC is 1 amp. The Nortek cable has a linear resistance of 10.6 Ohms/km. A
cable of 1 km will thus have an expected voltage drop of 10.6 volts. Since Nortek equipment typically
operates between 8.5-16 volts, it is often easier to use a DC-DC converter at the instrument. For cables
longer than 50 m, a DC-DC converter is required. Nortek offers the AWAC with a 48 volt DC-DC converter.


http://www.nortek-as.com/en/products/online-systems/cabled-1/online-cable
http://www.nortek-as.com/en/products/online-systems/cabled-1/online-cable

Page |71

Segmented cables. For distances greater than 1000 meters, using a cable composed of segments is often
recommended. In the event of a cable break the cable will have to be replaced and this can become
expensive if the cable is in one piece. One solution is to construct the cable as a series of cables. If one of
the segments breaks, then just that segment needs to be replaced. Since connectors represent a large
part of the cost there is however a trade-off as to the length of the segments. The segments are linked
with an underwater linkable connector that can be detached or attached by a diver. Nortek’s experience
is that segments of 500 meters are reasonable for the bottom and segments of 200 meters for the portion
that extends through the energetic portion of the water column (sea-air interface, surf zone, etc.).

f

Figure 4-6: Nortek cable. Element 0: “Chinese finger trap”, 2: Strain relief, 3: Interface connector

Almost all installations have the cable lying on the seabed; however there are some installations with
cables pulled up to buoys. The latter configuration is however generally discouraged unless one is certain
that surface conditions never become severe (e.g. small enclosed bodies of water). Surface buoys tend to
rotate, either due to waves, changing wind conditions or tides, and sooner or later the cable will break
due to twist caused by this rotation.

It is possible to add backup batteries and memory to online systems. The battery will ensure that the
instrument continues to collect data even if the cable is disconnected and the extra memory ensures that

the data are stored.

4.2.2.2 Inductive Modem

The Aquadopp Inductive Modem option enables communication over a jacketed (isolated) mooring line.
The purpose of an inductive modem system is to retrieve data from the instrument without the need for
a sophisticated underwater cable. Instead, a low-frequency signal is generated in the mooring cable. The
communication to the topside device is handled with the Seabird inductive modem whereas support for
the Inductive Modem Module (IMM) communication protocol and transfer of data from the Aquadopp
to the IMM is provided by a special version of the Aquadopp firmware.

The Aquadopp can be configured and deployed through the Aquadopp software, and it can be set to store
data in either ASCIl or binary format on the IMM. The Aquadopp can communicate inductively through
the IMM which is located next to the Aquadopp electronics inside the pressure housing (see illustration
below). The board is seamlessly integrated with Aquadopp electronics and can be an upgrade to any
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Aquadopp shipped after the summer of 2008 (firmware version 3.xx and above). The IMM is connected
to an inductive coupler, which in turn is clamped onto a jacketed mooring line to form a loop, using
seawater as the return path.

Surface inductive modem

Surface buoy

End of wire exposed to sea (ground point)

Surface coupler

Insulated wire (plastic coated)

_|__—— Internal IM module

Internal batteries to power IM
/ p

\

Modem Coupler Housing

(

End of wire exposed to sea (ground point)

Bottom mooring

Figure 4-7: The main components of an inductive modem system

Before you can use the inductive modem option, the IMM must be enabled and the device ID and the
IMM'’s transmit power level must be set. This must be done before the deployment as part of the
deployment planning process. As with standard deployment, the instrument must be in deployment
mode in order to work with the inductive modem. Online measurements with the Aquadopp can be
conducted only when the IMM option is disabled. A description of inductive modem integration can be
found in the System Integrator Manual.

Data collected during the deployment will be stored in the Aquadopp recorder and also sent to the IMM
electronics module. The data are then transferred from the IMM module to the Surface Inductive Modem
(SIM) as part of the inductive communication between the IMM and the SIM.

Note: If diagnostic data collection is enabled in the deployment planning menu, the diagnostic data will
not be transferred to the IMM and the data will only be collected after the regular data has been
transferred to the IMM. Consequently, the collection of diagnostic data can be delayed if the Aquadopp
is waiting for access to the IMM. This will be the case if the IMM is busy communicating with the SIM.

Read more about inductive modem integration in the System Integrator Manual.



http://www.nortek-as.com/en/support/application-development

4.2.2.3 Acoustic Modem

The acoustic modem option makes it possible to transfer
data from the instrument to the surface without the use of
cables.

The Nortek Acoustic Modem is constructed of a Benthos
OEM Modem, an omni-directional transducer and a DC-DC
converter that allows the system to be operated from the
same battery power as the Nortek instrument. Only AWAC
current and wave measurement system fitted with a
ProLog wave processor is supported. AWACs shipped prior
to January 1, 2009 require a hardware upgrade in order to
support the Prolog and the acoustic modem.

The intended use of the acoustic modem is to transfer
blocks of data associated with an individual measurement
event, which include current profiles and estimates from
wave burst measurements. This means that data is
streamed from the Nortek instrument. Two-way
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RF, GSM or Indium telemetry

()

y
P

Acoustic

2)) modem

Figure 4-8: Bottom mount and acoustic
modem

communication or data download at a user specified time is not supported.

The modem has been configured with settings that are optimized the fidelity of communications and
battery life. This means that the end user does not need to configure the modem itself. The end user is
only required to properly configure the Nortek instrument so that it (a) has the correct baud rate setting

and (b) streams data out the serial line. More about the configuration can be found in the System

Integrator Manual.

It is worth taking a look at some of the more practical aspects of acoustic communication and the
associated limitations. Reliability of the modems can vary due to acoustic conditions in the water. The
most common issues that can reduce the fidelity of the communications are:

e Competing acoustic instrumentation that operates in the same frequency band as the modems will
likely present a problem for communication. It is advisable to identify and remove all sources that
could harm communications. Typical sources of noise are echo sounders from ships. Acoustic
communication is surprisingly resilient to out-of-band noise from sources such as shipping traffic.

Multipath, known as reception of the same signal or message due to reflections from boundaries.

Clear Line of Sight. If you do not have a clear line of sight between the modemes, it is very unlikely
that there will be communication between them. It is also unlikely that an acoustically rigid
boundary can be used to reflect energy in order to achieve an indirect transmission path.

Shadow Zones. A shadow zone is defined as a region with no direct path of acoustic energy, and
only reflected energy may enter this zone. An acoustic shadow zone will occur if the speed of sound
profile is not uniform; this will lead to bending of the transmission path or “rays”. A conceptual
example is presented in the figure below. The trouble with shadow zones is that they can often
exist with a mildly non-uniform speed of sound profile, and that they are usually non-stationary
over time. This means that a location may have variable reception.

Range and Depth. Communication over short distances (approximately 200 meters) is quite
reliable. This is particularly true for vertical communication in deep waters with few boundaries.


http://www.nortek-as.com/en/support/application-development
http://www.nortek-as.com/en/support/application-development
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Horizontal communication in shallow waters is increasingly more challenging as the depth / range
aspect ratio becomes smaller. The best operation is when the modems are oriented vertically; the
surface modem oriented downwards and the bottom modem oriented upwards. As a rule, vertical
communications and short ranges are reliable (i.e. bottom mount to a buoy / boat), whereas
horizontal communication (particularly in shallow water) become increasingly challenging with
greater modem separation (e.g., 10 meter depth and 500 meter range).

e Air Bubbles. From an underwater acoustics standpoint, air-water interfaces are more or less
impassable. Clouds of air bubbles can largely inhibit acoustic transmission. This is usually a greater
problem at the surface where breaking waves create clouds of air bubbles. For buoy mounted
acoustic modems we advise mounting the modem away from the surface where the buoy itself
contributes to bubble formation.

Depth

Sound Spee

Figure 4-9: Illlustration of the shadow zone. Note the non-uniform speed of sound profile to the left.
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4.3 EQUIPMENT

4.3.1 Standard Equipment

4.3.1.1 Surface Buoy

The surface buoy may work as a surface signature, retrieval float, as a mounting structure for instruments,
as a provider for buoyancy on top of a mooring line or as a surface expression for telemetry. It is important
to have sufficient buoyancy on top of the mooring to keep the mooring components as vertical as possible
as the mooring must satisfy the depth excursion and instrument inclination criteria. Thus the surface buoy
should make sure the instruments maintain constant depth, even during high and low tides etc.

The shape and dimension of the buoy must be considered with the purpose and the design of the
deployment in mind. The buoy should in most cases contribute to as little dynamic stress to the mooring
line as possible. The buoy will naturally follow the motion of the waves both heave and roll motion. The
degree of this motion transferred to the instrument should be restricted, to the greatest extent possible.
Spherical buoys are commonly used due to their great strength of weight, ease of construction and their
common availability. It is recommended to use hard plastic buoys filled with either foam or air, and not
air filled soft plastic buoys. There are cases where the soft plastic buoy has punctured.

4.3.1.2 Subsurface Buoy

A subsurface buoy is used to minimize wave-induced motion of the mooring line and to keep the mooring
as vertical as possible. A subsurface float can also help support the weight of the instrumentation and the
mooring line itself. In addition, with such an arrangement, if the cable or mooring line should snap, the
instrument will have enough buoyancy to rise to the surface (backup recovery). By adding positive
buoyancy above the anchor, the risk of entanglement and wear and tear from the bottom is minimized.
It is also recommended to attach a buoy along the mooring line resting at the bottom when using an L-
mooring. If the surface buoy should be lost or the mooring line should snap, a backup recovery in form of
catching the mooring line at the bottom is an option, which is greatly simplified if the mooring line does
not rest at the bottom.

When using a subsurface buoy in the upper part of the water column, the buoy should have as low density
as possible. The efficiency of the buoy decreases rapidly with its weight. The floating material density
must increase with depth to resist the increasing hydrodynamic pressure. Note that the pressure
resistance is of concern only for deeper waters. Synthetic foam resists the highest pressure of the ocean;
in addition, it is attractive for use in high current regimes. It is wise to use one buoy with large diameter,
as this will reduce the drag compared to using a number of small buoys. The buoyancy of the subsurface
buoy has considerable influence on the response of the mooring systems.

It is also possible to mount the instrument in a subsurface buoy. For this type of deployment, there are

several aspects to consider. The shape of the buoy is not irrelevant; an ellipsoid shaped buoy has for
example lower drag than a spherical buoy. The ellipsoid is a good alternative in calm areas, or when the
instrument is to be mounted close to the bottom. In areas exposed to relative strong currents, the
ellipsoid buoy is not recommended. This is because strong currents will tilt the buoy more and more, until
the bottom of the buoy is faced upstream. Then the drag contribution becomes severe. An alternative is
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to use a streamlined subsurface buoy (shape of a torpedo) called SUBS, that states to be very stable and
reduce mooring excursions and inclinations. The SUBS will keep the instrument orientation vertical, even
in high current regimes.

The ellipsoid buoy has a tendency to rotate more than the SUBS, but data from an experiment comparing
the two buoys (“Wave measurements from subsurface buoys” (N4000-722) at http://www.nortek-

as.com/en/knowledge-center/bibliography) shows that the rotation is slow enough so that the compass

is able to keep up with the rotation and provide accurate measurements. Conversely, the SUBS is more
stable for the roll (side to side), but the pitch becomes larger during time of increased wave energy.

4.3.1.3 Mooring Line

The type of load, rope material, ease of handling, duration of deployment and the surrounding
environment are components that are worth considering when choosing a mooring line. Different rope
materials have different properties: Strength, drag, stretch, endurance, weight, and floating / sinking
capacity.

When determining the design of a mooring in the deep ocean, the drag on the mooring line over the
entire length is an important factor. As a starting point, it is a good idea to choose the mooring line with
the smallest diameter possible to avoid excessive drag. The diameter represents the largest portion of
overall drag contributions due to the large cross-sectional area (A in Equation (1)) of the long line. Shallow
water moorings, on the other hand, are subject to currents that outweighs the contribution from the
diameter of the mooring line; the tidal, wind and wave-induced currents (V2 in Equation (1)) are the
factors that should be of primary interest when choosing mooring line. E.g. a heavier sinker may be
required to hold the mooring in position because there will be more tendency for the buoy to lift the
anchor under rough sea conditions.

The stretch or amount of elongation of the line will determine the location of the instrument and the
surface buoy at any time. When considering a deep-water mooring, the objective of keeping the mooring
line taut is adapted by using elastic synthetic rope. The elastic stretching of the rope reduces the effect
of instrument movement due to currents and waves, and it may not pull the surface buoy under the
surface. Under adverse environmental conditions (excessive wind and waves), the energy of the
movement of a surface buoy can be absorbed by the elasticity of the rope. Note that the elasticity of a
synthetic rope is non-linear and changes with time. Several hundred meters of mooring line may be
required for full ocean depth (>1000 m) mooring, so the weight of the line itself is not negligible. Use of
elastic synthetic rope in shallow water is usually not recommended due to the short length that one would
have to use (in order to avoid wearing from the bottom). An alternative is to use floats along the line to
keep the mooring off the bottom. Note that synthetic ropes are made of visco-elastic materials, so their
stiffness characteristics are not constant and vary with the duration of load application, the load
magnitude and number of cycles. In general, synthetic mooring lines become stiffer after long use.

Avoid knots on the rope, as this reduces the breaking strength with up to 50%.

4.3.1.4 Anchor

The ability of an anchor to hold a position on the seafloor is dependent on several factors; the seabed
type, the anchor material, shape and weight. Failure of the anchor can have serious effects on the
deployment.
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Primarily, the anchor weight must be sufficient. It is essential to have enough weight on the bottom of
the mooring to allow the assembly to sink and remain firmly at the sea floor. It must be able to withstand
any vertical and horizontal tension that may be placed on it. With an anchor that weights too little, the
mooring system might shift location during e.g. high tide or high current situations. On the other hand,
the anchor size and weight must be kept within reason due to ease of deployment. The site condition is
also an important factor when determining the anchor weight.

Generally, the more cohesive the bottom type, the more horizontal friction there is between the anchor
and the bottom, the more force is required to move the anchor. Soft bottoms will generally have more
holding force than rocks, gravel or shells. The shape of the anchor will help increase the holding power of
the anchor.

The density of the anchor material is critical due to the loss of weight that
Dead weight

anchor

materials experience when fully submerged. For example, the weight of 4
submerged concrete is only 56% of dry land weight. Because the reduced weight §
9

of concrete anchors, larger sizes may be needed to achieve the desired weight.

When using an acoustic release, the anchor is abandoned at the seafloor, thus it

should be able to disintegrate after a certain amount of time so that it is not an

obstruction to others. Another benefit of an anchor that disintegrates is that the

system will eventually refloat if e.g. the acoustic release should fail.

Slack

correspondingto
is used to resist vertical pull of the system; some weight underneath the maximum tide

Dead weight anchor: The dead weight anchor (illustrated in Figure to the right)

instrument will keep it from bouncing around in rough weather. A length of
chain is recommended due to the reduced chance of Sidelobe interference u
compared to when using weight with a larger surface area. Ballast underneath iy e 4.10: iiiustration of
the surface buoy has the same effect, and the risk of entanglement of the use of dead weight
mooring line is reduced. A length of chain placed above the anchor will reduce anchor.

the tension the anchor experiences.

4.3.1.5 Connecting Hardware

Shackles, swivels and links are used to connect the different components of the mooring and to secure
the instrument in line. The strength required to resist the tension from the different components it
connects is the important factor when choosing dimensions. Remember that a mooring is only as strong
as its weakest link.

Swivels are sometimes inserted to permit rotation of one of the two components it connects, as this helps
reducing the torsion stress on the line.

Another aspect to focus on is to avoid contact between metals / alloys of different qualities to the greatest
extent possible. By doing this, the possibility of corrosion is reduced.

Note that the shackles must be secured with a safety pin. Remember that the safety pin must also be of
corrosion resistant material to not contribute to increased corrosion of the shackles.
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4.3.1.6 Bottom Frame

When designing or selecting a bottom frame, you should consider a few things before you drop your gear
in the water.

Stability. The frame should sit on the bottom and not move or rock back and forth. One common solution
is to use a tripod leg configuration. Stability naturally improves with a larger frame "footprint" and a lower
profile. The frame will normally have the battery canister on one of the legs. If possible, put the battery
inside the leg, and not outside. Have an equal amount of weight on each side / leg; the frame might tip
over if the weight is too little and / or uneven. Make sure that the weight is correct underwater.

Mobility. Clearly, the frame should not move while on the bottom. Movement can come from strong
mean currents or wave generated currents. Wave generated currents can be particularly troublesome in
shallow waters or environments where waves are large and long. The frame must also be firmly attached
to the bottom if the bottom type is relatively soft. Note that shifting sediment or sand can undermine
bottom fasteners.

Ease of deployment. This should be considered if the frame is to be deployed by divers or handled by a
small boat. If a large amount of weight is used to eliminate mobility, it may not be manageable by a small
boat or crew.

Orientation. The instrument should be placed vertically and in the case of the AWAC, with AST, a tilt less
than 5 degrees should be the aim. For other instruments, the performance deteriorates quickly for tilts
greater than 10 degrees. A gimbal is the best solution if you do not use divers to ensure the proper
orientation of your frame / instrument.

Retrieval. This is perhaps more of a deployment consideration; however, some method should be kept in
mind for a retrieval system that does not interfere with the instrument's performance. Surface buoys
floating above the instrument can interfere with the acoustic beams; moreover, they may be dragged
away or lost due to shipping traffic or curious mariners. Alternative methods of retrieval include acoustic
releases (from bottom weight), pop up buoys with releases, drag lines and/or offset mooring systems.

Trawl resistance. Bottom fishing is perhaps one of the most challenging issues for bottom-mounted
systems. Trawl resistant bottom frames are designed for protecting the instruments from trawler gear.
The frames can reduce the risk of being impacted by trawlers, but the risk is not completely eliminated.
Two good alternatives are the Ocean Science Sea Spider
(http://www.oceanscience.com/Products/Seafloor-Platforms/Sea-Spiders.aspx) and the Miniaturized

Trawl Resistant Bottom Mount (MTRBM) systems (http://mooringsystems.com/mounts.htm).

Multi-sensor mounting. Since Nortek instruments provide the possibility to integrate external sensors,
this should be considered when deciding on a frame.

Ease of shipping. Some frames can be separated into sections for easy shipping. This of course reduces
operational costs when testing is performed at different locations.

Corrosion resistance. All materials of the frame must be corrosion resistant. Materials such as fiberglass,
stainless steel (316), aluminum, and plastic are good alternatives.

Burial. This is also a challenging issue for bottom-mounted instruments. Low profile frames may not be
the best alternative in locations with large sediment deposits or moving sand. Sometimes it is just a
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matter of time before the frame slowly sinks or sand builds up; in these situations, some users (of online
systems only) have found sensors measuring distance from the instrument to the bottom useful. If mean
currents and wave-induced currents are manageable at the bottom, a solution against burial is to mount
the instrument on a subsurface buoy located just above the bottom.

Magnetic deviation in the instrument compass due to a magnetic source on the bottom frame should be
taken into account by calibrating the compass before deployment (for more on this, read the Service
Manual).

4.3.2 Ancillary Equipment

4.3.2.1 Gimbal

On an uneven sea floor, a gimbal provides proper orientation of the transducer head. Since a gimbal uses
gravity to keep the instrument upright, it is necessary to have a counter weight underneath the
instrument. This is particularly important for the AWAC since it is "top heavy". Make sure there is enough
space below the instrument's gimbal; an uneven bottom or settling frames will have reduced clearance
and could cause the gimbaled instrument to tilt. A gimbal should not be used in combination with an open
bottom frame in areas with high currents, as the gimbal then might work counterproductive, leading to
more tilt.

4.3.2.2 Acoustic Release

An acoustic release system is deployed in-line on a mooring, close to the anchor. When activated from
the surface unit, the release system disconnects from the anchor, and the mooring system ascends to the
surface. Note that it is important to have enough buoyancy close to the bottom and / or along the mooring
line to make sure the system reaches the surface.

4.3.2.3 Pop-up Buoy

The pop-up buoy is recommended when use of a surface buoy is impractical. Most of the pop-up buoy’s
life is spent submerged, secure from storms and surface traffic. It functions by attaching one end of a line
to e.g. the bottom frame and the other end to the buoy. Upon receiving an acoustic command, the buoy
rises to the surface and works as a surface signature, and the line attached to the buoy can be used to
pull up the equipment directly. The Spin buoy by Abyssus, the Fiobuoy by Fiomarine and the 875-PUB by
Benthos are good alternatives. Make sure to obey the depth limitations specified by the manufacturer.

4.3.3 Mounting Device

4.3.3.1 AquaFin

Nortek's AquaFin optimizes the instrument’s ability to measure without flow disturbance while
simplifying in-line deployment. The AquaFin shackles in-line and swivels the instrument so that its beams
always face into undisturbed flow. In this context, it is especially useful to use swivels instead of shackles,
as mentioned earlier. The instrument’s compass has no trouble compensating for the heading changes.
The AquaFin works equally well for the Aquadopp and the AquaPro.
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4.3.3.2 AquaClamp

The AquaClamp is similar to the AquaFin in that it is used to mount an Aquadopp current meter or profiler
on a mooring line. The AguaClamp mounts in-line in the mooring line, and it is used when clamping the
instrument directly to the mooring line is not practical or desired.

4.3.3.3 Clamparatus

The Oceanscience Group's "Clamparatus" makes it easy to mount an acoustic Doppler profiler, acoustic
modem or other instrumentation on an existing navigation buoy. Find more information at
http://www.oceanscience.com/Products/Clamparatus/Home.aspx.

4.3.3.4 AWAC Platform Head Mounting Bracket

The AWAC platform head-mounting bracket, made by Ageotec, Italy, facilitates easy installation of the
asymmetric AWAC with battery canister. The only thing needed on the platform leg is a horizontal flange
on which the Ageotec bracket is mounted. The AWAC and its battery canister can easily be removed from
the mounting bracket for servicing and change of batteries.
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4.4 SpeciAL CONSIDERATIONS

4.4.1 Measuring Waves

Refer to the Principles of Operation, Part Il for in-depth Depth Tp [s] Hs [m]
explanation of wave and wave processing methods. The 5.8 0.75
most important things to consider regarding deployment of 6.4 0.60
instruments measuring waves are the focus here. 20 7.2 0.35
8.3 0.30

What considerations that must be taken into account first 101 0.20
and foremost depend on the wave frequency of interest, =0 050
and on what processing method that can / will be used.
Knowledge about the limitations that exists when 15 Zz 8;(5)
measuring waves and having an anticipation of the waves i i
that are to be captured is critical to determine the /1 0.20
instrument’s depth and ultimately successful data 8.7 0.15
collection and post-processing. Therefore the aim is to 4.1 0.40
achieve a ‘Target Depth’. This is the deployment depth that 4.5 0.30
will capture as much of the wave spectrum as possible with 10 5.0 0.20
the greatest amount of accuracy. Knowing the types of 5.8 0.15
waves the instrument is likely to be exposed to, and what 7.1 0.10
types of waves that are of interest to measure, makes it 2.9 0.20
much easier to decide upon the deployment depth. 3.2 0.15

5 3.6 0.10
PUV method: Pressure, U and V velocity components 21 0.07
(orbital velocity components) are the parameters of 0 0.05
interest. The pressure and orbital velocity signals attenuate >3 012
with depth, thus the signals from the waves are not 5% 010
detectable at a certain depth. If you know the significant

3 2.8 0.05
wave height of the area and the prevailing period of the
waves, you can find the depth in Table 2 that are able to 3-2 0.04
measure the waves of interest. This table provides a general 3.9 0.03

guideline for the limitations when measuring waves. 4-11: Limitations of the measurable waves (PUV
method) with regard to depth, peak period (Tp) and

Array method: The difference between PUV and the Array significant wave height (Hs).

method is that the latter measure U and V closer to the surface with the consequence that shorter waves
can be measured. The pressure is measured at the level of the instrument. The measurement of U and V
are still limited by the frequency of the waves; as the deployment depth becomes greater, so does the
horizontal separation between individual measurement cells in the surface array. In order to resolve wave
direction at any given frequency, the horizontal separation of individual measurements must be less than
half a wave length.

This aliasing presents a spatial Nyquist limit and leads to a “cutoff frequency” where wave directions
cannot be resolved. For example, a gauge deployed 40 m below the surface has a directional cutoff
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frequency of about 0.23 Hz, that is, a period of 4.35 seconds (cf. Table below). This means the gauge will
not be able to resolve directions from waves shorter than 4.35 seconds at 40 m depth.

MLMST and SUV method: The same limitations of measuring U and V velocities using the Array method
applies to the MLMST and SUV. The MLMST and SUV methods use the AST to measure wave energy; a
method that is often more accurate because it is a direct measurement of the surface position, as opposed
to the inferred pressure. The wave resolution from the AST measurements is not completely independent
of deployment depth either; some high frequency wave

information is lost at greater deployment depths. This limit Depth Cutoff freq. Cutoff T
has to do with the size of the AST footprint on the sea surface > 0.7 1.45
relative to the measurable wavelength. The size of this 10 0.45 22
circular footprint is determined by (a) the beam width and 20 0.32 3.1

(b) the distance from the sea surface. The size of the 30 0.26 3.85
footprint will increase with wider beam width or with greater 40 0.23 4.35
distance from the sea surface. The difference between | 20 0.20 5.0
MLMST and SUV is that the latter permits the instrument to | 60 0.18 5.5

rotate during the wave burst (i.e. instrument mounted on a 4_35. (imitations of the measurable waves (Array
subsurface buoy), while the MLMST method depends on method) with regard to depth, cutoff frequency [Hz]

. L and period, T, [s].
measurements retrieved from a not-moving instrument. P [s1

4.4.2 Natural Frequency of Subsurface Buoys

Each subsurface buoy has its own characteristic response. For instruments mounted in a subsurface buoy,
this motion may contaminate the collected velocity data. The characteristic response is based on several
design parameters, such as mass, buoyancy, drag and mooring line length. Balancing the forces on the
buoy, given a nominal displacement from equilibrium, results in a simple, linearized differential equation
of motion. This can be used to estimate the natural frequency of a subsurface buoy to first order as

follows:
R
(4) Wy = ML
2w
(5) T = o
(6) R = Fpg
(7) M= Mbuoy + Mudded

wy,is the natural frequency of the mooring system, T is the corresponding period of oscillation, L is the
mooring line length, R is the cable tension of the mooring (restoring force), Fgis the buoyancy in mass
units [kg], and M is the mass of the buoy itself plus the mass added to the buoy (the mass of the
instrument).

The idealized motion of subsurface buoys most closely resembles an inverted pendulum. Once displaced,
the mooring system returns to its equilibrium position, swinging back and forth at its unique natural
frequency, thus creating an apparent velocity in the velocity measurement cells. The most likely
explanation for possible false velocities, and thus poor directional performance (increased directional
uncertainty in the wave measurements) at certain periods, is that the buoy is being displaced from its
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equilibrium position with wave energy at other frequencies. During periods of low energy the associated
wave orbital velocities have decreased amplitude and therefore are more vulnerable to sources of noise.

It is important to get a good understanding of the expected motion of the subsurface buoy to ensure that
the response of the buoy has a natural frequency outside of the dominate wave frequency when
collecting data. To avoid that the natural frequency and the wave frequency are in the same band, the
design of the mooring should be carefully considered. Each term in equation (4) has a certain significance,
but the term that can easily be adjusted to contribute to a higher or lower natural frequency is the length
of the mooring line (L). The natural frequency decreases with increasing L. Thus, if the calculated
frequency is too high / low, one can extend / shorten the length of the mooring line. One may also
consider the buoyancy of the system and the total mass.

4.4.3 Damping Factor

The damping factor (£) can be calculated to make an indication of the potential for resonant behavior at
the system natural frequency. The damping factor ¢ is defined as:

(®) $= i |5

Here, D is a coefficient defined by the buoy drag coefficient, cross sectional area and water density, M is
the mass term described earlier, R is the reserve buoyancy, and L is the mooring line length.

An overdamped system is defined as £ > 1 and returns to its equilibrium position without overshoot; no
free oscillations are possible, even at the system’s natural frequency. An underdamped system has a & <
1, and suggests a system capable of overshoot oscillations (e.g. when disturbed can sway back and forth
through multiple cycles before returning to rest). Underdamped systems experience resonant motions if
the external forcing, in this case waves, occurs at the system’s natural frequency. While both over- and
underdamped systems respond to wave forcing across the spectrum, the underdamped system is the
most troublesome since it can create persistent artificial velocities at the natural frequency of motion.
One should thus focus on designing the system to be overdamped.

4.4.4 Mooring Vibrations

High frequency mooring vibrations due to vortex shedding are caused by current flow past a mooring
structure, such as surface and subsurface buoys, mooring lines, risers etc. Alternating vortex shedding
produces pressure fluctuations with a dominant component in the direction across the flow direction.
The mooring structures, if not mounted rigidly, are very sensitive to excitation from vortex shedding,
especially if the frequency of vortex shedding matches the resonance frequency of the structure. This
results in resonant vibrations transverse to the flow direction of the ocean currents. The occurrence of
vortex induced motion also increases the mean drag force in the current direction, contributing to
aggravating the data collection. Increased offset implies increased mooring line tensions. It also causes
oscillations in the line tension, which may contribute to fatigue damage.

The part covering vibrations on the mooring is especially important to users of the Vector. This instrument
has a high sampling rate, making it especially prone to data contamination due to vibrations. Excessive
mooring vibration can adversely affect the data; vibration introduces spurious velocities and interferes
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with the proper operation of the tilt sensor. The impact of mooring oscillations must be carefully
considered. A general solution to improve on data quality is to design a more stable deployment by
considering the components that generate mooring vibrations. The addition of aerodynamic devices may
partly prevent and partly reduce the strength of vortex induced vibrations.

You may be able to detect intervals of excessive vibration by looking closely at your data. For more
accurate measurements of vibration, an accelerometer is the solution. An Integrated Motion Unit (IMU)
is a system that consists of an accelerometer, a gyroscope and a magnetometer that samples at 10 kHz,
and can be integrated with the Nortek Vector. By measuring the acceleration, the tilt and the heading,
one can correlate vortex induced vibrations with the sampled current velocities, and during post-
processing the measured sensor motions can be removed from the velocity data. Note that the use of
IMU demands the use of ProLog, due to the amount of data collected.
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4.5 MECHANICAL AND PROCESSING METHODS TO ENSURE QUALITY PROFILES

4.5.1 Configuration

General recommendations:

e Choose a profiling interval that captures the expected variations. For example, a typical tidal cycle
is well resolved with a profile measured once every 5, 10, 20 or even 30 minutes.

e The cell size has a default setting that corresponds to the instruments transmit frequency. This
may certainly be changed, but be aware that smaller cells increases the measurement
uncertainty, while large cells reduce the measurement uncertainty. Note that when doubling the
cell size, you also double the power consumption. This is because you inject more energy into the
water. Doubling the cell size thus also adds 10% to the profiling range.

e The number of cells should be selected so that it extends a few cells beyond the bottom or surface
boundary (depending on whether the profiler is surface or bottom mounted). This improves
quality control of the data during processing.

e Typical moorings allow the instrument to tilt and rotate freely. It measures tilt and heading and
uses this compass information to convert the data to true earth coordinates. How often the
instrument reads the tilt and heading depends on the deployment method used. Buoy mounted
profilers should have the compass set to update relatively fast (every second) so that buoy motion
is accounted for in the velocity estimates. For bottom-mounted instruments, it is enough with
one compass update per burst, while instruments mounted on a mooring line should update the
compass every other second. The predefined setups in the deployment planning in our software
provide a compass-reading frequency reflecting the application. Because the magnetometer uses
energy, the instrument reads heading only as often as it needs to. This trade-off between power
consumption and the need for accuracy is well taken care of in the predefined deployment setups.
We therefore recommend that you stick to the predefined compass update rates (as they appear
when you select a deployment environment) when creating your own deployment setup, unless
you have good reasons for doing otherwise.

o If magnetic fields are present in your deployment location, consider collecting data in XYZ
coordinates rather than relying on the magnetometer to rotate the results into ENU coordinates.

e Salinity should be adjusted in the advanced menu options if it is significantly different from the
default value.

e The Average Interval (Al) is the period over which the instrument measures and averages before
it reports. The default 60 seconds is adequate for almost all applications. Changing this to a longer
or shorter period is a tradeoff between improved resolution and power savings, respectively. In
protected areas with 3-4 s waves, Al of 60 s is fine. Along the coastline, with 10+ s waves, 60 s is
not enough. If your average time is too short, short-term effects like surface waves could
dominate the estimate of the mean currents. With an averaging interval of e.g. 2.5 minutes, all
influence from surface waves will normally be gone. The advantage of using longer averaging
interval and lower measurement load is that you get better statistical averages.

e From signal theory we know that the more pings there are within an averaging period, the better
the estimate of the true value we are measuring. A high ping rate will thus reduce the standard
deviation (called Precision in the Deployment planning menu).
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A 100% measurement load means that the instrument pings as fast as it is able to. Consequently,
a measurement load of 50% means that the instrument pings at half that rate. By increasing the
measurement load, the precision in the velocity measurements increase, but alas at the expense
of battery consumption. By decreasing the measurement load, it is the other way around. The
exact relationship is shown in the advanced tab in the Deployment planning menu. If you really
want to go into details, you can save power by increasing the measurement load while keeping
the number of pings constant.

When using an AWAC for currents and wave measurements, we cannot provide specific
recommendations on sampling rate other than the general criteria you need to sample at least
twice as fast as your signal of interest in order to resolve it unambiguously (i.e. the Nyquist
sampling criteria). Note that when specifying the number of samples and measurement interval,
one should take into consideration that both current and wave measurements are made in turn
(or cycle). Therefore, there must be enough time to make a wave and current measurement for
each interval. A warning message will appear if there is a conflict.

It is important to adapt the wave interval to the wave periods that are dominating in the area of
interest. Waves are random and therefore measuring waves requires sampling over a period of
time that will best “capture” or represent the complete sea state. For long waves, it may be
necessary to increase the overall sampling period in order to ensure a proper statistical
presentation. As a rough rule of thumb we try to get 100 cycles of the longest wave we would
expect; this means for instance that if we expect the longest wave period to be 10 seconds for a
particular body of water, then 1000 seconds is the preferred sampling length.

Make sure you are using the most recent software and firmware for your instrument. Visit
http://www.nortek-as.com/en/support/software regularly for updates.

If you are using the High Resolution (HR) Profiler, make sure to understand the limits of the
ambiguity velocity and have an educated guess of the maximum velocities expected at your site.
See the technical note called “The Aquadopp HR Profiler: Extended Velocity Range Mode” (No.
028) at http://www.nortek-as.com/en/knowledge-center/technical-notes for more.

A useful parameter when planning a HR Aquadopp Profiler deployment is the velocity-range
product. This is a number with dimensions of L2 /T (length squared over time). As a guideline
when planning a deployment for the HR Aquadopp Profiler, this number should not exceed 0.5
m? /s for the 2 MHz system, and 1.0 m? /s for the 1 MHz system. If Extended Velocity Range (EVR
— read more about this in the already referenced note named “The Aquadopp HR Profiler:
Extended Velocity Range Mode”) is used with a 2 MHz system, the product should not exceed
0.9 m?/s. For example, if you require a profile range of 1.0 m, then the maximum horizontal
current velocity should not exceed 0.5 m/s (velocity-range product = 0.5 m?/s). This parameter
is simply a way of encapsulating a few of the tradeoffs and primarily deals with the relationship
between profile length, pulse distance, and the ambiguity velocity. By staying below this value,
the instrument is far more likely to measure good quality data, but it is only a rule of thumb and
not a guarantee.

The HR Aquadopp Profiler can measure with a fast sample rate and large measurement cell size,
or a slower sample rate and smaller measurement cell size, but not a fast sample rate and small
measurement cell size. Fast and slow are of course somewhat relative, but the smallest
measurement cell size will not permit measuring at the highest sample rate and vice versa.
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Deployment

It is important to remember that any motion of the instrument can significantly alter the flow
pattern and amplify the vortex-induced forces. A primary goal is thus to keep the instrument from
moving.

Self-disturbance of flow is a chief source of data contamination with traditional current meters.
Flow disturbance affects your measurements by changing the flow and by making it non-uniform
across the instrument beams. Significant errors can be generated when the sensor samples in its
own turbulent wake. Thus, it is important to consider the effects large objects will have on the
flow itself. A rough rule of thumb is that objects disturb the flow as far as 10 diameters away from
the object. Flow disturbance is greatest directly downstream in the wake behind the object. If you
use e.g. an Aquadopp attached directly to a rope or cable, you can position the center of the
measurement cell further away from the instrument to avoid the problem of self-disturbance.
For most mooring situations, you can easily move an Aquadopp's cells more than 10 times the
dimension of either the Aquadopp or the mooring structure.

Use extra attention to ensure that no part of the deployment comes in the way of the beams
(mooring lines, docks, frame, etc.). Objects in the way of the beams will reduce the profiling range
as well as corrupt the data for the cell location of where the object is located. When mounting
the instrument near large obstructions (bridges, piers, walls, etc.), ensure that the acoustic beams
do not “see” any obstructions. Objects interfering with the beams may violate your data.
Usually we aim to classify the incident wave and current field, therefore it is critical that we deploy
the instrument in a location that exposes it to an incident wave environment that is undisturbed
by its surroundings. Some neighboring structures that influence the data collection could include
piers, breakwaters, unusual changes in bathymetry, as well as rivers (or exposure to high
currents). Such structures affect the local wave field by reflections, diffraction, refraction,
evanescent modes, etc. For example, an instrument deployed in front of a breakwater would be
exposed to the combined incident and reflected waves. The PUV approach does not have the
ability to separate these two fields. Therefore close proximity to any of the above listed is
discouraged, unless of course the objective of the data collection exercise is to measure the locally
influenced wave environment at the particular location of deployment. The AWAC, on the other
hand, can provide information both about the incident and reflected waves.

Understand that the profiling range starts at the location that is equal to the Blanking distance
plus one cell size. A 1 MHz profiler will start at 1.4 meters from the transducer head with the
default settings.

The range limit is either limited by a) a boundary where any one of the beams intersects it, or b)
where there is not enough return signal from the scatters in the water (too little signal-to-noise
ratio, SNR). In case a) the range is limited to 90% of the distance to the boundary (e.g. 18 meters
for a bottom mounted profiler at 20 meter depth). The limit for b) is much more dependent on
the clarity of the water; the more scattering particles there are in the water, the better the return
signal strength (SNR).

Mounting on or near metal that influences the magnetic field should be avoided. If this cannot be
avoided then the user can either calibrate the effects (cf. compass calibration in the Service
Manual, at http://nortek-as.com/en/support/manuals), or note the orientation of the profiler in
its deployment position (profiler heading) so that it may be corrected during data processing. The
data can also be collected in XYZ coordinates instead of relying on the magnetometer. By using
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XYZ coordinates, the data will not be transformed to ENU coordinates, and are thus not in the risk
of being incorrectly transformed.

If you are using an AWAC with AST it is important the bottom frame does not tilt too much (<5
degrees). Excessive tilt will reduce the quality of the vertical beam measurements. If possible,
check the frame with a diver / camera after deployment to assure proper orientation.

The deployment might move into a different measurement site if care is not taken. The shifting
tide combined with a slack mooring line might result in data collection in different locations. It is
important to consider stretching of the mooring components under tension, especially the
mooring line, in order to know the exact horizontal and vertical position of the instrument.

The depth should not exceed the depth limitations of the instrument’s pressure sensor. The
pressure sensor can handle pressure twice its maximum reading, for example, the standard 50 m
pressure sensor can safely withstand 100 m depth, but it will not record meaningful data beyond
50 m. Beyond 100 m it will be damaged.

Special consideration must be taken when using a Vector with a cable probe (opposed to the fixed
stem type). For the cable probe, it is critical that during data collection in ENU coordinates, the
“X” receiver arm (marked with red) is aligned with the “X” mark on the Vector housing. This is
because the compass and tilt sensor is located in the Vector housing. The internal tilt sensor
determines up or down, and ultimately ensures that the correct coordinate system is used for the
directional estimates. If you collect data in beam or XYZ coordinates, you can mount the probe in
whatever direction you want.

Boundaries are not a concern in mid waters, but if you want to use the instrument near the
bottom or surface, you should consider the boundaries as you design your experiment. Read
more about Sidelobe interference in Principles of Operation, Part I.

If the batteries need to be changed or the data need to be downloaded on a regular basis, the
deployment should facilitate easy recovery and redeployment.

4.5.3 Data Processing

Since there are numerous possibilities for things that can go wrong during a deployment, we need to use
all the information we have to qualify if data is good or bad. Bad data should be discarded or flagged.
Many of the steps below are performed in the processing of the Storm and Surge software.

The first step is to make sure that the instrument was oriented as intended. This is done by
checking the time history of the tilt (Roll and Pitch) and heading sensor data.
o If the tilt is large (greater than 10 degrees) then a post-processing option such as
“map to vertical” is encouraged.
o If the tilt is excessive (greater than 30 degrees), it may indicate current profiles are
suspect to error.
o If the tilt or heading measurements change greatly from profile to profile (buoy
mounted), it is wise to ensure the instrument was configured as a buoy mount or with
a suitable Compass update rate (check the deployment file or the header file).
The next step is to check that the pressure sensor is reasonable. In case of a sudden change in
pressure or pressure reading indicating shallower water depth than expected, extra attention
should be used. These events usually occur during the deployment, retrieval, and the occasional
curious mariner. Data collected during these events should be avoided in the post processing.



Page |89

e Perhaps the most important parameter to check for is the signal level for each of the individual
beams for the full measurement profile. The typical behavior of the signal strength profile is that
it starts high and exponentially decreases with distance from the instrument. At some point it
either significantly increases because the transmit pulse has met a boundary (surface or bottom),
or the signal no longer decreases and becomes constant. The cells where the signal begins to
increase are likely to be corrupted by interference with a boundary, and should be removed from
the profile. The constant signal level indicates the “noise floor”; as long as the signal level is above
the noise floor, the measurement in the associated cell is valid. Cells in a beam that have signal
level near the noise floor are not valid; usually any current measurements beyond this range are
erroneous and invalid. See the Troubleshooting Guide (http://nortek.no/en/support/manuals)

for examples.

e |t does occur that just one beam is bad (signal near the noise floor in all cells). The data are still
usable. One has to process the data with the two other beams (perform a two-beam calculation
to retrieve 2D currents). Note that the processing makes one important assumption; the vertical
currents are zero. This is a reasonable assumption in the vast majority of current flow.

e Current profiles that show large current variations vertically or vertical structures should be
flagged suspicious. The ones that are most doubtful are those that are physically unrealistic (e.g.
1 m/s changes over a few meters). The measurements in a profile that are far from the mean are
best removed.

e Raw wave data: The raw pressure signals give an immediate indication about the wave condition;
long waves (T>8 s) give a strong pressure signal at the bottom and a variation of 1 m in the
pressure signal mean that the wave height is at least the same. On the other hand, a very weak
signal in the pressure sensor (variations of only a few cm) usually means that the waves are small.
The raw wave velocities will appear noisy even at moderate sea states. Only at times with large
waves can you expect a smooth signal. Even so, the noise should not be excessive and it should
be possible to see the wave signal when there are significant wave action on the surface. Watch
out for large jumps or discontinuities; this could mean that part of the sampling volume has
touched the surface, which would render the velocity data invalid. In the raw AST signal you
should look for appearance, i.e. that the data look reasonable and that you have no data loss, and
above all, that the data is similar to the pressure measurements.

4.5.4 Practical Considerations for HR AquaPro

The following paragraphs are also outlined in the AquaPro HR software’s Help guide (accessible from the
Deployment Planning pane), but are repeated here due to their importance. The principles of pulse
coherent profiles can be found in Principles of Operation, part I.

The first step of data collection, transmitting an acoustic pulse and recording the echo, is normally a
trouble-free process. The second pulse is transmitted only a short time after the first one (of order ms)
and recording the echo from the second pulse is the critical process in any HR system. If the echo from
the first pulse, for any reason, overpowers the echo from the second pulse, we have a situation commonly
referred to as "pulse-to-pulse interference". Avoiding this type of situation is one of the main difficulties
in properly configuring a HR profiler and the user is normally forced to make several trade-offs.
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HR Aquadopp Profiler deployment planning involves balancing multiple factors when setting up the
profile parameters. The depth cell size, profile length, pulse distance, sample rate, and distance to a
boundary (if applicable) will all need to be considered to achieve the highest quality data for a given
deployment. It is recommended to read the technical note named A Practical Primer for Pulse Coherent
Instruments, available at http://nortek.no/en/knowledge-center/technical-notes (No. 027) for a

thorough review of the subject.

To assist in configuring the HR-profiler, the standard software menu encourages the user to choose
between three common mounting scenarios. The software will then automatically select some of the
configuration parameters in what we believe is the best possible way. If none of these scenarios properly
describes the measurement situation, the user must manually configure the profiler using the advanced
menu. The standard scenarios are:

1) System oriented downward and mounted at a known distance above the bottom.

If practical, this is normally the easiest way to get good data from a HR profiler. The software will use the
distance entered as the key parameter and the spacing between the acoustic pulses is set to be slightly
larger than the distance to the bottom. Because the strong bottom echo from the first pulse reaches the
transducer right after the second pulse is transmitted, the acoustic interference does not affect the
velocity close to the bottom. In addition, if the bottom consists of mud, silt or sand, the first pulse will
often die out once it hits the bottom. As a result, there is no pulse-to-pulse interference. If the bottom is
made of strong acoustic reflectors such as rocks, coral reefs, etc., the first pulse will generally not die out
and some level of interference should be expected.

Note that if the distance to the bottom is set to be smaller than what it actually is during the deployment,
the second pulse will be transmitted too early. As a consequence, the profiler will not collect data close
to the bottom. If the distance to the bottom is set to be larger than what it actually is during the
deployment, the second pulse will be transmitted too late. The consequence is that data will be lost in a
band close to the instrument. Normally, the data close to the bottom is more important than the data
close to the profiler so if the distance is not precisely known, it is better to fail on the side of
overestimating the distance to the bottom.
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2) System oriented toward the surface, deep water.

A practical approach to the meaning of “deep water” is a little more than twice the desired profiling range.
If you choose this configuration, the distance between the pulses is set to be a little more than the
requested profiling range.

In this situation, pulse interference is rarely a problem. The exception is the cases where strong acoustic
scatters congregate just beyond the profiling range. For example, a fish swimming 1.5 m above the
bottom could give interference in the velocity profile if the profiling range is set to 1 m. The interference
will show up as an outlier in the data collected at a range of 0.5 m (roughly). Since the amplitude data for
the HR system is normally recorded while registering the echo from pulse number one, the source of the
interference cannot easily be identified.

3) System oriented toward the surface, shallow water.

Shallow water does in this case mean that we have to worry about acoustic interference from the surface
echo. Intuitively it may seem that this situation is similar to the downward looking profiler (close to the
bottom) but two phenomena make the surface acoustically different from the bottom:

- The echo does not die out when it hits the surface.

- The position of the surface can vary over time (tides or waves).
The software’s deployment planning menu takes a conservative approach to this situation and sets the
profiling range to be a little less than half the distance from the instrument to the surface. This ensures
that it is possible to listen to the echo from both pulses without interference. However, it is only possible
to measure the lower part of the water column and data will be lost toward the end of the profile if there
significant surface wave activity. A more aggressive approach in this situation would be to pretend that
this case is similar to the situation where the profiler is mounted profiling downwards. However, this
approach will give high quality data only when the surface is very smooth and the velocity profile
measurements can break down completely if there is significant wave activity. Our recommendation is
that alternative instrument configurations are considered only after experience has been gained about
the exact situation at the deployment site (i.e. test deployments).

4.5.5 Practical Considerations for Velocimeters

Other than sampling rate, the most common parameter changed on acoustic Velocimeters is the Velocity
Range. Setting this to an appropriate value for the flow being measured is the most important instrument
parameter in determining data quality. Too large a velocity range will result in noisy data because the
detected phase shift is very small relative to the ambiguity velocity. Too low a range will result in de-
correlation of the return signals or phase wrapping. The appropriate Nominal Velocity Range will generate
good quality data minimizing data quality problems. Other factors, such as low SNR and high shear in the
sample volume, will also affect data quality and need to be evaluated on a case-by-case basis.

The Vector, Vectrino and Vectrino Profiler are pulse coherent systems, and as such, they are susceptible
to pulse interference when measuring near boundaries. This especially applies to Vectrino Profiler, as this
is a profiling instrument. Pulse interference for acoustic Velocimeters is called a “weak spot” and will
show in the data as low SNR and correlation values, as well as noisy velocity traces. The weak spots are
related to the spatial separation between the pulse pairs transmitted by the Velocimeters. A weak spot
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occurs when the first pulse hits the bottom and the reflected signal of the first pulse reaches the sampling
volume at the same time as the second pulse goes through the sampling volume. The table below
summarizes the distances where weak spots occur for the Vector and Vectrino indexed to the Nominal
Velocity Range setting. Changing to the next higher or lower velocity range as appropriate will eliminate
the problem. Alternatively, moving the instrument (measurement volume) up or down away from the
boundary by just a few centimeters can reduce the weak spot effects. Note that the distances to
boundaries specified are approximate and will depend on the speed of sound and the boundary surface.
The Vectrino Profiler makes use of adaptive ping intervals to reduce weak spot interference. This allows
the ping intervals to be adjusted dynamically during data collection to account for changing conditions
within the environment. Options range from Once (perform adaptive check only during the configuration
phase at the start of acquisition) or 1/sec (dynamic checking). The adaptive ping algorithm and the finer
velocity range adjustment mean it is easy to move a weak spot out of the profile.

Velocity Range (m/s) Vector (m) Vectrino (m)
0.01 3.12

0.03 0.38,0.75
0.10 0.46 0.23,0.45
0.30 0.20 0.10,0.23
1.00 0.08,0.20 0.05,0.12
2.00 0.05, 0.09

2.50 0.03,0.10
4.00 0.03,0.06 0.02, 0.05
7.00 0.04,0.02

4-13: Weak spots listed as the distance from Sample Volume to boundary for the Vector and Vectrino. Note that the weak spot
location is dependent on the speed of sound and the boundary surface, so the values given are only estimates and weak spots
may be encountered a centimeter or more away from these values

The instruments generate acoustic streaming, or secondary flows, as the pulse is transmitted. If ambient
flow velocities are of the order of potential acoustic streaming velocities, acoustic streaming may
represent a significant source of bias. A range of options exist for accounting for streaming when it is
unavoidable, including measurement of streaming magnitudes with the Vectrino itself and analytical or
numerical modeling. For the interested reader; a research article covering acoustic streaming, named
“Acoustic Doppler velocity-induced acoustic streaming and its implication for measurement” (N4000-750)
is available at http://nortek-as.com/en/knowledge-center/bibliography.

When using a Vectrino in a laboratory flume, it is important to ensure alignment of the coordinate system.
For a quick setup, aligning everything by eye works surprisingly well if you have good references to align
against (e.g. flume walls). For a more rigorous setup, two spirit levels mounted orthogonal to one another
can be used to make sure the mounting fixture and probe are level. This assumes the top of your flume is
level since everything is usually mounted on a cross piece to it.

When two probes are close together, there is a chance of acoustic cross interference. Mostly, this should
happen when one unit is transmitting and the other is receiving. For this reason, it is probably wise that
the two probes are not mechanically coupled. Otherwise, the cross interference is going to be a function
of the particle concentration - lots of particles give strong return signal and the effect of the cross
interference will be less important. Please be aware that the transmitters in the two systems are


http://nortek-as.com/en/knowledge-center/bibliography

Page |93

asynchronous - even if the data collection is synchronized using the synch input/output lines. This also
means that a test to check for cross interference should be left to run for at least 5 minutes.

If the flow is dominantly 1D, the side-mounted configuration where the transmitter is orientated
perpendicular to flow direction is preferable. There are two main reasons for this:

- It avoids any possible flow interference from the probe into the sampling volume
(especially relevant for wave measurements)
- It avoids bottom interference through the weak spot problem.



Chapter

5 PRINCIPLES OF OPERATION

This chapter covers

v Basic Doppler principles

Difference between our instruments with focus on measurement method and area
Coordinate systems and tilt

How wave measurements are made

AN NI

Different processing methods

Our products are based on the acoustic Doppler principle and span from single point turbulence sensors
to long range current profilers. The instruments can be divided into three main groups:

Current Meters: Aquadopp Current Meter and Deep Water Aquadopp Current Meter (DW) measure
water currents at one level. The Aquadopp Current Meter, henceforth called Aquadopp, has three
acoustic transducers that can be arranged in a variety of head configurations. Current meters are simple
to use and appropriate when only one measurement point is required, or when measurements at great
depths are of interest. The Aquadopp and Aquadopp DW are available as 2 MHz systems. The DW
Aquadopp is designed for deployments down to 3000/6000 m. The Current Meters are equipped with
temperature, compass, tilt and pressure sensors, and an internal battery pack that enables autonomous
deployments for very long periods of time.

Current Profilers: The Aquadopp Profiler (AquaPro) and the Acoustic Wave and Current Profiler (AWAC)
measure current speed and direction in multiple layers through the water column. Nortek makes current
profilers with ranges from a few cm (High Resolution (HR) mode) to several hundred meters, available as:
2,1, 0.6, or 0.4 MHz (for the AquaPro, the latter three frequencies for the AWAC) and 2/1 and 2/0.6 MHz
(Z-cell profiler). The AWAC may also be used as operational Vessel Mounted (VM) systems. The Aquadopp
Z-cell is an extension of the AquaPro; it has the same specifications, but with the added capability of
measuring the current at the level of the instrument (“Cell Zero”). The Current Profilers are equipped with
temperature, compass, tilt and pressure sensors.

Velocimeters: The Velocimeters belong to a special class of high-resolution 3D instruments used to study
rapid velocity fluctuations in the laboratory or in the ocean. These instruments have three or more
focused beams to measure with high sampling rates in a small volume (single point). The basic
measurement technology is coherent Doppler processing, which is characterized by accurate data at high
rates with no appreciable zero offset. The Vector is a field instrument designed for measurements of rapid
small scale changes in 3D velocity, used for turbulence, boundary layer measurements, surf zone
measurements, and measurements in very low flow areas. The Vectrino is used in hydraulic laboratories
to measure turbulence and velocities in flumes and physical models. The Vectrino Profiler is a profiling
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version of the Vectrino, with a 3 cm profiling zone. The Vector is equipped with temperature, compass,
tilt and pressure sensors. The Vectrino has a thermistor embedded in the probe.

Waves: Some of the instruments can be used as wave gauges in addition to current meters. Wave systems
measure both wave height and direction. The AWAC is perhaps the most respected,
sophisticated and frequently used acoustic Doppler profiler and directional wave gauge in the world. The
AWAC is able use a combination of the Acoustic Surface Tracking (AST), velocity data and pressure data
to make high quality wave measurements, and may be deployed up to 100 m below the surface. The
AquaPro and Vector are also able to burst sample the pressure sensor and one cell of current velocity.
Due to the very small sampling volume that can be precisely positioned, the Vector is an excellent choice
for making wave measurements in very shallow water or in the surf zone. Alternatively the Aquadopp
may be regarded as a more cost effective directional wave gauge. The AquaPro, Vector, and Aquadopp
are PUV wave measurement instruments.
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5.1 PARTI: CURRENTS

5.1.1 The Doppler Effect

The Nortek instruments measure the velocity of water by utilizing a physical principle called the Doppler
Effect, illustrated below. The Doppler Effect is the change in frequency of a wave when a wave source
moves with respect to an observer, or when the observer itself moves relative to the wave source. For
example, if a train whistle is heard when standing still, the sound waves will travel with the same speed
in every direction, and an observer (not moving) will hear a uniform sound. When the train starts to move
towards the observer, each sound wave originates from a position that is one step closer to the observer
for every second. The time it takes for the sound wave to reach the observer declines steadily, i.e. the
waves arrive with decreasing time intervals, and this can be construed as a frequency shift in the sound
wave. Based on this perceived frequency shift, the speed of the train can be measured. When the
observer moves and the source of the waves is still, the Doppler frequency shift still appears because the
velocity of the sound wave relative to the observer is changed.

R
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5-1: An acoustic echo reflected from moving particles is shifted in frequency (Doppler shifted) in proportion to the particle velocity.
F: is the frequency of the transmitted pulse

Acoustic Doppler instruments transmit a short pulse of sound (“ping”) of constant frequency into the
water, listen to its echo and measure the change in pitch or frequency of the echo. The difference in
frequency between the transmitted and the received pulses is proportional to the velocity of the water.

The emitted sound pulse does not reflect from the water itself, but from small suspended particles. These
particles are typically zooplankton, sediment or small air bubbles. The scattering material float passively
in the water and it is assumed that they move with the same speed as the water - the measured velocity
of the particles is the velocity of the water surrounding the particle. This is a key assumption for the
Doppler approach to measure water velocity.

The sound pulse scatters in all directions when it hits the particles. Most of the sound continues forward,
but a small amount is reflected back to the source. The figure below also illustrates the Doppler Effect;
the pulse is shifted/compressed to a higher frequency upon return. This illustrated shift indicates that the
reflecting particle moves toward the instrument. In the opposite case, when the target moves away, the
received signal pulse is stretched compared to the transmitted pulse. When the target is stationary, the
received signal will have the same frequency as the transmitted pulse. Only changes in the distance
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between the beam and the scattering particle can be measured since this is the only motion that affects
the Doppler Shift. It does not sense the velocity perpendicular to the beam at all since there is no change
in distance between the scattering particle and the beam. The Doppler Shift is thus used to calculate the
velocity of the water along the path of the acoustic pulse. The following equation expresses this:

V= FDoppler " E

F.'S‘O'LLTCB 2
Here, V' is the current velocity, Fpoppieris the change in received frequency (the Doppler Shift), Fsoypce is
the frequency of the transmitted wave and C is the speed of sound in water.

The first term on the right hand side of the equation tells us the same as the figure below illustrates; if
the distance between the transducer and the scattering target increases (decreases), the frequency of
the reflected pulse decreases (increases). The rightmost term includes the speed of sound, so that the
actual velocity is calculated.

b) Transmit ping a) Reflected ping from
particles in the water

S Particles in
-
water

5-2: lllustration of a pulse transmitted (a) and reflected by particles in the water (b).

There are many ways to measure the Doppler Effect, each with its own advantages and drawbacks. In
most cases, Nortek implements a narrowband auto-covariance method because it has been established
as robust, reliable and accurate. Auto-covariance is a statistical method similar to the covariance method,
which calculates how much two variables change together. The auto-covariance covers the covariance of
time series; a variable is compared to the time-shifted version of itself.
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5.1.2 Pulse Coherent Profilers

A pulse coherent profiler must transmit at least two pulses in order to obtain a measure of the current
velocity, as opposed to the method described above, where a measurement of radial speed along the
acoustic beams is obtained through the calculated Doppler shift from one emitted pulse. The Aquadopp
HR-Profiler, the Vector and the Vectrino are Pulse coherent instruments. The backscattered signal is
range-gated (separated into different segments for independent processing) for each pulse. After the
second pulse is range-gated, the phase difference between the backscattered signals is calculated for
each range cell. The phase difference is a direct measure of the velocity, expressed as

ApC

V= ———
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Here, V is the current velocity, Agpis the phase difference, F;pyrce is the transmitted frequency and At is
the time difference between two consecutive pulses.

The Doppler phase shift is computed using the covariance method. By computing the complex covariance
of the two return signals, the Doppler phase shift can be calculated by taking the four quadrant arctangent
(atan2 in most programming languages) of the real and imaginary parts of the covariance function. This
restricts solving the phase difference within the range of [-m, 1t]. The calculation of ¢ is beyond the scope
of this manual, but the impacts of using this method is important. It introduces the problem of ambiguous
determination of the phase shift; if the phase difference goes outside the range of +m, the measurement
uniqueness is lost, something known as Velocity ambiguity. For example, a sine wave with phase -1t looks
the same as a sine wave with phase . Read more about this ambiguity velocity.

Pulse coherent systems are typically used for difficult measurement situations such as turbulence
measurements, very slow, low energy flows, and rapidly varying flows requiring high single ping accuracy.
They can work well in areas with high shear, near boundaries, under breaking waves, and many other
situations. Pulse coherent data from single or small ensemble average measurements are useful because
of the individual measurement accuracy and low noise. Pulse coherent profilers can measure in far
smaller cell sizes (on the order of 1 cm) providing more details of the flow than standard Doppler systems.

The Pulse Coherent Primer document (Technical Note 027) that discusses the basic theory and operations

of the instrument using pulse coherent methods is highly recommended reading for users of pulse
coherent profilers. It provides explanations and examples of common issues such as ambiguity velocity,
correlation and coordinates transforms.

5.1.3 Doppler Beams

Doppler current sensors use large transducers (relative to the wavelength of the sound) to obtain narrow
acoustic beams. Narrow beams are essential for obtaining good data. E.g. the beams on the AquaPro have
a width of 1.7° (2 MHz), 3.4° (1 MHz), 3.0° (600 kHz) or 3.7° (400 kHz).

One beam is required for each velocity component, so to obtain data for three velocity components (e.g.
east, north and up), three beams are required. The beams measure the velocity of particles in three
different places. The instrument combines the three along-beam velocities and uses the relative
orientation of the transducers and basic trigonometry to calculate the 3D water velocity.
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5.1.3.1 Mono-static Dopplers

Mono-static systems use the same transducer to both transmit and receive signals. The transducer
generates a sound pulse at a known frequency, and when the pulse hits the particle, some of the energy
is reflected along the same axis as the transmitted pulse, and is registered by the instrument. The three
beams measure the velocity in three different locations, due to the convex design of the instrument head.
An essential and reasonable assumption for this calculation is that the flow is uniform across layers of
constant depth.

5.1.3.2 Bi-static Dopplers

Bi-static systems use separate transmit and receive beams. It transmits through a central beam and
receives through the beams displaced off to the side (see figure in the Velocimeter section). The physically
separated transmitter and receiver result in motion along two axes, corresponding to each transducer's
normal vector, contributing to the motion. Thus, the motion along the angular bisector is what is actually
measured. Here the assumption of homogeneous flow, as required for the mono-static systems, is not
necessary. Bi-static systems simultaneously sample small volumes or areas, thereby providing full three
dimensional measurements of the velocities.

5.1.4 Sensors

5.1.4.1 Pressure Sensor Performance

All Nortek products with pressure sensors use the same silicone piezoresistive sensor. The biggest
advantage of this sensor over older sensors (i.e. strain gauges) is their low noise level. Pressure sensor
specifications can be confusing and misleading - the purpose of this section is to clarify what these
specifications mean and how you can use them. It will also describe how pressure is measured in these
instruments and what your choices are so that you can achieve the best results with them.

Data

The figure below shows spectra from two different measurements using the same Vector Velocimeter,
which has a pressure sensor with a range of 0-200 m. One site was a tidal channel in which the primary
fluctuations were caused by turbulence. The other site was a shallow site (8 m deep) that was dominated
by surface waves at frequencies below 0.3 Hz and by turbulence above 0.5 Hz. The instrument was
sampled at 16 Hz in the tidal channel and 32 Hz in the waves.



Page | 100

Tidal channel
Coastal waves

Pressure Power Spectrum {n‘?ﬁ-lz]l

-7
10 — : 'u
10° 10
Frequency (Hz)

5-3: Pressure spectra from two different sites, both using the same Vector Velocimeter. The horizontal black line is at 3x10-7
m2/Hz

Both measurements bottom out at a noise level near 3 x 10-7 m?/Hz. For the 16 Hz tidal channel
measurement, this corresponds to a single-sample uncertainty of around 1.5 mm, and an uncertainty for
a 1s average of around 0.4 mm (see below). If the wave spectrum bottoms out at 3 x 10-7 m?/Hz as well
(we do not see enough of the flat part of the spectrum to be sure), then its single-estimate uncertainty
would be around 2 mm. Another data set from a lake with very weak flow produced a noise level of 1.3 x
10-6, using 4 Hz sampling - this corresponds to a single-estimate uncertainty of 1.7 mm.

Combined, these results tell us that the single-estimate uncertainty in a 200 m pressure sensor is around
1.5-2 mm.

Equations for noise level and uncertainty

Many sensors produce white noise in absence of signal. The measurable signal is the part of the signal
spectrum that rises above the noise level. Given the noise level, the following equation tells you the single-
sample uncertainty:

STD(p) = (ns/2)Y?

where STD(p) is the standard deviation, or single-estimate uncertainty, of the pressure p, n is the spectral
noise level, and s is the sample rate. If each sample is independent of the next (which is true if the noise
spectrum is white), then averaging multiple samples reduces the uncertainty according to:

STD(p|n) = STD(p)/n*?

where p|n is p obtained by averaging n samples.
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How our instruments sample pressure

Vectors sample pressure each time they report a velocity, and Aquadopps, Aquadopp Profilers and
AWACs sample pressure once each second. For a Vector, this means that rapidly sampled velocity will
produce more independent pressure estimates in a given interval, which in turn lowers the noise level.
For example, if sampling once each second produces an uncertainty of 2 mm, averaging 16 estimates each
second reduces the uncertainty by a factor of four, to 0.5 mm.

Vectors and Aquadopps record pressure with 24-bit numbers. With a standard resolution of 1 mm, the
maximum pressure is greater than 16 km. For 200 m pressure sensors, digitizing with a resolution of 1
mm adds insignificant uncertainty. This is because the uncertainty (standard deviation) associated with 1
mm resolution is around 0.3 mm, which is far smaller than the 1.5 mm single-estimate uncertainty of a
200 m pressure sensor.

Pressure sensors with smaller ranges could benefit from finer resolution. For example, a 50 m pressure
sensor should have a single-measurement uncertainty of around .4-.5 mm. At this level, the 0.3 mm
discretization uncertainty begins to be significant. The implication is that pressure sensors in the range
10-50 m will benefit from using a resolution of 0.1 mm. This is possible, but you must have the factory set
the resolution to 0.1 mm at the time of manufacture. Then you will have to divide your pressure readings
by 10 to obtain the pressure in meters. For existing systems, we can also provide a modified head
configuration file that you can download, to implement 0.1 mm pressure resolution.

Pressure sensors with smaller ranges should produce correspondingly lower noise levels. The pressure
sensor's single-sample uncertainty should be proportional to the pressure range. This means that the
single-sample pressure uncertainty of a 10 m pressure sensor will be less than 0.1 mm.

What do the specifications mean?
There are three specifications that matter (numbers in parentheses are our specifications). These are:

e Long-term uncertainty or drift (0.25%)
e Resolution (1 mm standard; 0.1 mm optional)
o Single-sample uncertainty (0.001% of full-scale)

Long-term uncertainty matters primarily if you want to estimate tidal levels and changes in sea level. If
these measurements are important to you, however, you must account for changes in atmospheric
pressure as well. Because atmospheric pressure fluctuations are larger than typical long-term drifts,
reducing the drift adds little to overall data quality. The long-term drift in Nortek's pressure sensor is
predominantly caused by changes in temperature.

Resolution and single-sample uncertainty are important when you are observing rapid fluctuations,
particularly waves. Keeping in mind that the discretization uncertainty associated with a given resolution
is about 1/3 of the resolution, the parameter that counts is the larger of the single-sample uncertainty
and the discretization uncertainty. For 200 m sensors, the single-sample uncertainty dominates. For
shallow sensors, the resolution dominates unless you use a resolution of 0.1 mm. When you are
measuring waves, the 0.25% long-term drift is unimportant.
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5.1.4.2 Compass and Tilt

Nortek's compass is a system including a 3-axis magnetoresistive magnetometer, a liquid tilt sensor,
algorithms to convert data from these sensors into heading and instrument tilt, and a calibration
algorithm.

k

L1

1

\ I
Tilt Magnetometer

5-4: Compass system

The magnetometer measures the magnitude of three components of the earth's magnetic field, and the
tilt sensor measures two components of tilt and detects up/down orientation. All Nortek products (with
compass) combine this information to compute the instrument's tilt and heading, then uses the tilt and
heading to correct measured velocities to earth coordinates.

Magnetoresistive (MR) magnetometers sense magnetic fields with thin strips of a metal alloy whose
electrical resistance varies with a change in applied magnetic field. These sensors have a well-defined axis
of sensitivity and are mass-produced in integrated circuits. Nortek's compass includes three MR sensors,
one each for X, Y and Z components, plus a two-axis tilt sensor.

Each compass system is calibrated in the factory to quantify the characteristic response of the individual
components and of the system as a whole. When it leaves the factory, each system can measure its tilt
and the direction of its magnetic field vector accurately, anywhere in the world.

Users disturb the magnetic field near the instrument when they deploy. Adding a battery pack and
mounting the instrument with deployment hardware adds magnetic materials that change the earth's
field at the instrument. The user's compass calibration procedure quantifies this magnetic disturbance,
and the instrument's compass algorithm then corrects for it to obtain accurate heading.
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5.1.5 Measurement Area

The instruments measure the velocity in three dimensions. Each transducer generates a sound pulse and
measures the Doppler shift of the returned signal. The Doppler shifts from all the three beams are
combined to calculate the 3D velocity in a specified depth layer, a sampling volume or in a profile covering
a defined depth. The measurement area varies according to the transducer geometry, the frequency used,
blanking distance, deployment method etc. In this section, the difference between the current meters,
the current profilers and the velocimeters regarding measurement area is in focus.

5.1.5.1 Current Meters

Current meters measure the water current at one defined sampling area. The volume of the body of water
covered by the three beams is dependent on the distance from the instrument, the blanking, the cell size
and the beam geometry. In the figure below, you can see the measurement cell location of an Aquadopp
DW. The same configuration defines the measurement location for the Aquadopp.

75cm 35cm 75cm ' 75¢cm

Transmit Blanking Measurement cell

5-5: Measurement cell location, here for the Aquadopp DW.

Remember that the transducer works as both a transmitter and receiver. The transducer vibrates to
produce a sound wave. It does not stop vibrating immediately after the supplied energy has stopped; the
vibrations are damped with time. This is called ringing. The distance the sound travels during the
attenuation of the ringing is the minimum blanking distance. Thus, blanking is the time during which no
measurements take place, essentially to give the transducers time to settle before the echo returns to
the receiver. The size of the blanking area is user selectable in the software.

One measurement cell represents the average of the return signal for a given period. The cell size and the
transmit pulse are of equal size. The cell is shaped like a triangle, as shown in the figure above, due to
convolution; this is indicative of the weighting of the measurement. Even though the cell extends 150 cm,
the nominal cell size is 75 cm because the cell is most sensitive to backscattered echoes in the middle 75
cm. Thus, the maximum extent of the cell is double the length of the transmit pulse.

The beam geometry is determined by the orientation of the acoustic beams. A variety of sensor heads
are available for the Aquadopp; a Standard sensor head, a Right angle sensor head, a Symmetric sensor
head (as Aquadopp DW in the figure), an Asymmetric sensor head, a Hockey-puck-looking sensor head
and a 2D side-looking sensor head. The flexible transducer design is the key to the wide range of
Aquadopp applications. The Aquadopp beam geometry is one of its innovative features; it gives you more
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flexibility with mounting options. For example it allows you to design your mooring to minimize
disturbance caused by the mooring itself (more on this in the Mounting Guideline).

5.1.5.2 Current Profilers

Current profilers measure current speed and direction in multiple distances (multiple depth cells) from
the transducers. The figure below shows the profiling range divided into a few regions. The current
profilers have three beams oriented at 25° off the vertical axis, and equally spaced at 120° azimuth angles.

Closest to the transducers is a region called the blanking, with the already described purpose of
minimizing the interference from ringing in the data. The size of the blanking varies with acoustic
frequency; lower frequency instruments typically have longer blanking distance (cf. Summary table). The
software sets a default blanking distance, but you can adjust the range out further. The Aquadopp Z-Cell
solves the possible problem of losing near-instrument measurements. This is accomplished by including
three horizontally oriented transducers that measure a 2D current velocity at the level of the instrument.

Sidelobe =

Energy | Sidelobe Interference (10% of Water Depth)
: *3\\§~Pulse Length (Equal to Cell Size)
A
Measurement Area
25’

v
Blanking Distance (0.2 - 1.0 m)

5-6: The AWAC profiling range broken down into different regions.

The Current Profiler will make velocity measurements in the Measurement Area (see figure above). The
measurement location is a function of the time at which the sound pulse hits particles and is reflected
back to the source. The continuous return signal from the transmitted sound wave is received and
amplified before it is sectioned up into smaller segments in the instrument, where each segment
corresponds to a depth cell. Each cell represents the average of the return signal for a given period,
according to the user-specified cell size. The velocities from the three beams are combined at each cell
so that the 3D velocity is calculated, making a velocity profile of the measurement area.

When trying to determine the exact position of the depth cells, consider the following:

e The size and location of the depth cell are determined both by the transmit pulse length and the
size of the received echo segment (“The receive windows” — how long the instrument listens).

e Mathematically, the size of the depth cell is the convolution of the transmit pulse length and the
receive window.
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e The depth cell does not give equal weight to all points within the cell but is weighted towards the
middle. When the transmit pulse and the receive pulse are matched, the weighting function has
a triangular shape.

e Nortek instruments use a transmit pulse that is equal to the user specified cell size, with the
consequence that adjacent cells overlap. The centers of the cells are separated by the user
specified cell size, as seen in Figure 6.

Cell1 Cell2 Cell 3

Blank

Transmit

5-7: A series of cells where the separation between adjacent cells is equal to the length of the transmit pulse.
The n-th cell is centered at a distance equal to:
Center of n — th cell = Blanking + n * cell size

For example, the default AquaPro configuration uses a blanking distance of 0.2 m and a cell size of 0.5 m.
The center of the first cell (n=1) is thus located at 0.2 m + 1 * 0.5 m = 0.7 m from the instrument. The full
extent of the first cell is from 0.2 to 1.2 m. Correspondingly, the center of the second cell is 0.2 m + 2 *

0.5 m = 1.2 m and the full extent of the cell is from 0.7 to 1.7 m. Note that these numbers are projections
1

due to the
cos 25

along the vertical axis, the numbers along the beam axis are larger by a factor of

transducer geometry.

The total range of the measurement area is determined by the acoustic frequency (see Summary table)
and the scattering return from the water.

5.1.5.3 Velocimeters

All Acoustic Doppler Velocimeters send out short acoustic pulse pairs from the transmitter (center)
element. When the pulses travel through the focus point for the receiver beams, the echo is recorded in
each of the acoustic receiver elements. The phase shift between two subsequent pulses is then processed
to find the actual velocity of the water, based on the Doppler shift. The result is scaled with the
measured speed of sound in the liquid, and then the velocity vector is either recorded or transmitted to
a PC at a rapid rate.

Note that for mono-static systems, the relative motion along the transducers’ normal vector is measured.
For bi-static systems, the transmitter and receivers are physically separated. This results in motion along
two axes. The Doppler shift observed at each receiver is proportional to the component of the flow
velocity along the bisector of transmit and receive beams (see figure (a) below). Doppler shifts measured
at all three receivers provide estimates of flow velocity along three different directions, which are then
combined geometrically to obtain the three orthogonal components of the water velocity vector V
(illustrated by the blue arrow in figure below (b)). Thus, by knowing the relative orientation of the bi-static
axes, the velocimeters are able to calculate the 3D water velocity in the sampling volume. The receive
beams are slanted 30°, thus the angular bisector is 15° away from the transmit beam. The result of
measuring the bi-sector is that the instrument is more sensitive to the Z-velocity (the component parallel
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to the transmit beam) than it is to the X- or Y-velocity. Consequently, the Z-velocity component yields a
lower measurement uncertainty.

5-8: a) The transmit/receive beam pair is sensitive to velocity in the direction of the angular bisector between the beams. b)
The blue arrow indicates a positive velocity.

The figure below shows how the Vector beams intersect each other 157 mm from the transmitter. The
measurement volume is defined by this intersection and by range gating in time. The transmit transducer
sends a short pulse that covers only about 4 mm vertically, and the receivers listen to an echo that
corresponds to about 14 mm vertically. Since the Vector use three receivers, all focused on the same
volume, it obtains three simultaneous velocity components from that very volume.

LIWSNVYL

wuw /ST

SAMPLING VOLUME
=14 mm
h=14 mm

5-9: The Vector beams intersect each other at a known distance from the center transducer, defining the measurement volume.

The Vectrino measurement volume is defined as the area where the beams intersect each other and range
gating in time, that is, 50 mm from the transmitter. The transmit transducer sends a short pulse that
covers 3-15 mm vertically (user adjustable), and the receivers listen to an echo that corresponds to this
volume (see figure below). The diameter of the volume is 6 mm. The Vectrino Side-looking probe (figure
below, to the right) has two horizontal beams and two slanted 65° from the vertical. The two horizontal
beams measure the U and V velocity. This means that the two slanted beams are not necessary when
measuring horizontal velocity, thus the side-looking probe can act as a 2D system. Side-looking probes do
not have the problem of weak spots, so they are a little more robust to operate, especially in high flow
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environments. Due to the design, the side-looking probe has higher instrument noise in the vertical than
in the horizontal.

The Vectrino and Vectrino Profiler have four receiver arms as opposed to the more traditional three.
Because of the arrangement of the receiver arms, each pair (composed of two opposing receivers) can
measure a horizontal component and the vertical velocity. Z1 and Z2 are the vertical velocity estimates
associated with receivers 1 & 3 (X) and 2 & 4 (Y) (cf. coordinate transform figure, upper part). Z1 and 72

3-15 mm (user
adjustable)
Approximately i
50 mm

" Approximately
50 mm

i 3-15 mm (user
adjustable)

5-10: The Vectrino beams intersect each other at a user adjustable distance from the transducer, defining the measurement
volume. The Vectrino to the right has a side-looking probe.

are independent measurements of the vertical velocity for the standard downward looking probe. Note
that the side-looking probe does not have a secondary measurement of the vertical velocity. Z1 will be
the correct vertical velocity and Z2 should be output as zero.

The mechanical and acoustic characteristics of the Vectrino and
the Vectrino Profiler are identical; both employ the same probe
assembly and transducers. However, the Vectrino Profiler
provides for profiling over a 30 mm range interval thereby
allowing measurement of the spatial structure of the flow (see
figure to the right). The Vectrino Profiler pulse intervals are

longer than the Vectrino because of the need to sample data

from farther away. Four passive transducers, angled at 30° jjj::tr:btjer
towards the center surround the central active transducer,

allowing 3D velocity measurements. With a profiling range up Upto

to 30 mm, a usable profiling region approximately 45-75 mm in 30 mm

height from the central transducer is provided. A description of
the Vectrino Profiler hardware and software capabilities, some
i . 5-11: Vectrino Profiler sampling area
of the novel features and the algorithms used by the instrument

can be found in [2] (see reference list at the end of this chapter).
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Instrument Frequency | Min. Blanking | Max. # cells | Cell size Profiling range
Aquadopp 2 MHz 0.35m 1 0.75m -
Aquadopp
DW 2 MHz 0.5m 1 0.75m

400 kHz 1m 128 1-8m 60-90 m

600 kHz 0.5m 128 1-4m 30-40 m
AquaPro

1 MHz 0.20m 128 0.3-4m 12-20 m

2 MHz 0.05m 128 0.1-2m 4-10 m

400 kHz 1m 128 1-8m 100 m
AWAC 600 kHz 0.5m 128 0.5-8 m 50 m

1 MHz 0.4 m 128 0.25-4 m 30m

190 kHz 2m 128 2-20m 200 m
Continental

470 kHz 1m 128 1-10 m 100 m
Vector 6 MHz - 1 5-20 mm 0.15m
Vectrino 10 MHz - 1 3-15 mm 0.05m /0.1 m (field

probe)

Vectrino 1-4 mm (user | 40-74
Profiler 10 MHz i 30 selectable) (calibrated)

5-12: Overview of the instrument’s default blanking distances, maximum number of cells, cell sizes and ranges

5.1.5.5 Modes of Operation

The operational modes for any Nortek system are:

Command Mode. An instrument in command mode is powered up and ready to accept your
instructions. If no commands are received for about five minutes, it automatically goes into Power
Down Mode.

Power Down Mode. The Power Down Mode saves power during deployments and prevents your
battery from dissipating between deployments. The instruments automatically powers down from
Command Mode after about five minutes of inactivity.

Data Acquisition Mode. The instruments enter Data Acquisition Mode when you click any of the
Start commands (e.g. Start Recorder Deployment) in the Software. For the Vector, you can choose
between:

Continuous Data Acquisition collects data without breaks. When you start continuous data
acquisition, it is important to do so with the Vector aligned up or down the same way it will collect
data.

Burst Data Acquisition collects data with breaks at regular intervals. When you start burst data
acquisition, the instrument senses whether it is facing up or down at the start of each burst, and it
adjusts itself accordingly.
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5.1.6 Orientation

5.1.6.1 Coordinate System

You may specify the preferred coordinate system in the Deployment Planning menu. The velocity
measurement is a vector in the direction of the transducer beam, which we refer to as beam coordinates.
Beam coordinates can be converted to a Cartesian coordinate system (XYZ) by knowing the beam
orientation. Furthermore, the flow can be presented in Earth normal coordinates (ENU- East, North and
Up) if the instrument is equipped with a compass and tilt sensor. ENU and XYZ coordinates are the most
practical when handling data. Beam coordinates are primarily useful for higher-level turbulence
calculations and for dealing with phase wrapping issues.

The coordinate systems are defined as follows:

e In Beam coordinates, a positive velocity is directed in the same direction as the beam points. Beam
1is marked with an “X” on the head. On the Vector and the Vectrino, Beam 1 is defined as the arm
with the black / red marking (placed opposite of the engraved head ID on the Vector).

e In XYZ coordinates, a positive velocity in the X-direction goes in the direction of the X-axis arrow.
The X-axis points in the same direction as beam 1. Use the right-hand-rule to remember the
notation conventions for vectors. Use the first (index) finger to point in the direction of positive X-
axis and the second (middle) finger to point in the direction of positive Y. The positive Z-axis will
then be in the direction that the thumb points.

e |n ENU coordinates, a positive east velocity goes toward east. This is also a right-handed orthogonal
system.

5.1.6.2 Coordinate Transforms

The transform of the coordinate system from beam to XYZ or ENU coordinates is an important step when
examining Doppler velocity data. Understanding coordinate transforms is important in interpreting
velocity data, fixing problems in a data set, and ultimately, obtaining the highest quality data.

The information needed to convert from Beam to XYZ coordinates is a set of beam velocity measurements
and the instrument’s 3 x 3 (or 4 x 4 for the Vectrino’s) transformation matrix. Each instrument has its own
unique matrix, reported in the *.hdr file, when performing a binary data conversion in the software. Each
row of the matrix represents a component in the instrument’s XYZ coordinate system, starting with X at
the top row. Each column represents a beam. The third and fourth rows of the Vectrino transformation
matrix represent the two estimates of vertical velocity (Z1 and Z2) produced by the instrument.

Recall the basics of matrix multiplication:

Ty Ty Ti3][bs Uq
Ty1 Taz Tos||bz| = [U2
T31 Ts; Tss3llbs Us

Where T;; represents the elements in the Transformation matrix, b; are the beam velocities and u; are
the transformed velocities. When writing out the matrix multiplication above, the following system of
equations is obtained:

Ty1by + Ty2b; + Ty3bs = uy



Page | 110

Ty1b1 + Tozby + To3bs = u,
T31b1 + T53b; + T33b3 = ug

Here we can see how each orthogonal velocity component is a combination of the various beam
velocities. The figure below shows an assortment of velocimeters probes and instrument heads. For the
Vector probe (see rightmost illustration of the figure below, upper part), one may notice that the X
component is predominantly measured by b; with nearly equal contributions from b, and b3. This makes
sense since the XYZ coordinate system is aligned with X pointing along one beam / receiver arm. Beams
2 and 3 are at some angle a to the X axis and measure a component of X proportional to cos a. For the Y-
component, b, contributes to zero (or very near zero) because the Y-component is perpendicular to beam
1. Finally, the Z component is an equal combination of all three beams since the Z-axis is aligned with the
central transducer and each beam is at the same angle to the Z-axis. Note that this applies to other head
configurations as well.

5-13: The Vectrino, Vector, AWAC and Aquadopp (symmetric head) XYZ coordinate systems and beam numbering as defined
relative to the probes/beams. The Vectrino in the upper middle is the side-looking version. Beam 1 of the Vectrino has a red
marking, a black marking defines beam 1 for the Vector (not shown here). For the Vector, beam 1 is also the arm opposite of the
engraved head ID. Beam 1 point in the direction of positive X-axis; the Z-direction is towards the electronics of the instruments.
The Y direction can be found in accordance with the right-hand rule. Beam 1 of the AWAC and Aquadopp is marked with an X
engraved on the housing, barely visible in the AWAC in the lower middle.

The transformation between the beam and XYZ coordinates can be accomplished with no loss of
information, due to the fact that the transformation matrix is used. When converting to ENU coordinates,
the instrument compass update rate sets the limit to which coordinate transforms can be performed. The
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magnetometer measures the magnitude of three components of the earth's magnetic field at a user-
specified rate. All Nortek products (with compass) combine this information to compute the instrument's
heading, and then use this to correct the measured velocities to earth coordinates. Compass is typically
sampled at 1 Hz, meaning the transformation matrix is updated with pitch, roll and heading information
every second. If the current measurement data rate is 4 Hz, it means the four samples in each second
share the same heading and attitude and there the same transformation. If onboard averaging is
performed and the instrument is moving during the average interval, it is not possible to recover valid
XYZ data from an ENU average velocity. With the Vector, it is therefore not recommended to collect
internally averaged beam or XYZ velocity data because of the possibility of bias due to a moving
instrument.

The Vector, Vectrino and Vectrino Profiler measure velocity components parallel to their three bi-static
beams, or in beam components. They can report data in beam or XYZ coordinate systems, the Vector can
in addition report data in ENU. The XYZ coordinates are relative to the probe and independent of whether
the instruments point up or down. The figure above defines the XYZ coordinates.

The assumption of horizontally homogenous flow is a requirement for the mono-static profilers (with
diverging beams) to avoid measurement bias when using XYZ or ENU coordinate systems. This assumption
is required since the beams diverge and the horizontal distance between the beams increases with
increasing distance from the instrument. If the flow is not homogenous, then the velocity reported will
not be representative of the actual flow and generally biased towards zero because XYZ and ENU
velocities are a spatial average of the three beams.

Detailed information about the coordinate transformation equations used can be found on the Nortek
Forum

5.1.6.3 Pitch, Roll and Heading

In their raw format, currents are measured along each of the three beams. In order to get the information
referenced to earth coordinates (ENU) it is therefore necessary to detect the instrument’s orientation in
space. Attitude sensors, such as pitch, roll and compass heading (if equipped) are therefore used to aid in
the transformation needed to correct for the instrument’s attitude and motion.

When the instrument is tilted during deployment, the measurement cell from e.g. beam 1 does not
correspond to the same measurement cell of e.g. beam 2, as sketched on the next page. In this example,
depth cell 6 from the first beam corresponds to depth cell 7 of the second beam when the instrument is
tilted 15°. In all current profilers, the velocity is measured in fixed cells along each acoustic beam. The
length of each cell (“cell size”) is defined as a time interval multiplied by the speed of sound, which is then
projected onto the vertical axis. However, since the beam axis is not vertical (but 25°), the size of the cell
will not be the same in beam 1 as beam 2 when tilted.

Note that the transforms from beam to XYZ or ENU (cf. next section) corrects for tilt (and compass) in the
sense that the final coordinate system is aligned with the gravitational axis (and the magnetic north pole).
However, the data are not automatically corrected for the vertical mapping of the cells (use cells at the
same level) and for this reason, there will be residual errors in the current profile. The residual error can
be characterized by:
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e Smearing of shear. The shear layer will look thicker than it really is, since the measurements are
retrieved at different depths.

e Apparent vertical velocities. In areas of shear, there will appear to be a vertical velocity that is in
fact an artifact of the processing.

Itis possible to remap the velocity cells for each beam and thereby minimize the residual error. This is not
done in the instruments for the simple reason that the mapping is non-linear. Remapping is included as
processing options in the Storm and Surge software. Depth cell mapping matches the cells at equal depth
by using the information from the tilt sensor when computing the velocity, to maintain the assumption
of horizontal homogeneity of the current velocity. Reprocessing with the software will also ensure that
the shear data are as accurate as possible. The best solution, however, is to make sure the instrument is
level during deployment. Tilt degrades data in ways that are not always recoverable, such as increasing
the thickness of the surface sidelobe layer and in some case reducing the effective range of your
instrument.

Celln
Celf p,
Cell 6 | |
Cell g
Ceilt -
. < ceh3

5-14: Tilting of the instrument (here 15°) result in measurements from different cells at the same depth.

Sometimes deployment frames tilt excessively or even fall over. If the instrument’s tilt reading is 20° or
less, your data should be within the specifications. Tilt readings between 20° and 30° affect the data
accuracy in a way that is likely to make the data fail to meet the specifications. Data acquired during tilts
exceeding 30° are in general not reliable and should be discarded. Using an AWAC with the AST option, a
maximum tilt of 5° within the vertical should be targeted.
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5.1.7 Operational Concerns

5.1.7.1 Speed of Sound

As already elucidated, the speed of sound in water influences the calculation of the velocity data. The
time lag between the transmitted and received pulse determines how far the pulse travelled before it
was reflected.

The instruments compute the speed of sound based on the measured temperature (accuracy of 0.1° C).
A nominal salinity is assumed, an assumption that works relatively well because the sound speed is more
sensitive to temperature variation than it is to salinity variation.

Sound speed errors are typically small, but if you must correct velocity data for errors, use the following
equation:

Crew
Veorrectea = Vold(C )
old

Here, V is the velocity and C is the speed of sound.

5.1.7.2 Sidelobe Interference

As the Measurement Area figure illustrates, the water column can be divided into different regions. A

current profiler has a couple of un-measurable areas in its profile; it cannot measure velocities in the area
close to the sensor head, due to the described ringing and the required blanking distance (if you do not
use a Z-cell instrument). In addition, it cannot measure the velocities close to the remote boundary
whether it is the seabed or the surface (depending on mounting location) due to an interference
phenomenon known as sidelobe interference. Data collected by an Aquadopp can also be restricted by
this interference.

Data from the upper region of the water column may be influenced by sidelobe Interference. The acoustic
beams focus most of the energy in the center of the beams, but a small amount leaks out in other
directions. Because sound reflects much stronger from the surface / air boundary than from the water,
low energy signals that travel straight to the surface can produce sufficient echo to contaminate the
desired signal from the water. This type of interference may affect 5-10% of the velocity profile. As
sketched in the figure below, the Sidelobe energy will reflect from the boundary while the main beam is
still in the region near the boundary. If the distance to the surface is A (see figure below), then
contaminations of the current measurements begin at the same distance A along the slanted beams. In
the figure, the top two cells might be contaminated. The following is an approximate equation illustrating
the constraint of near-surface contamination:

Rmax = A cos(B) — Cell size

Here, Rmax is the range for valid data and 0 is the angle of the beam relative to vertical. The take home is
to be cautious in the upper part of the water column. A tip when analyzing data is to check the vertical
velocity (Z) extra carefully in this area. It should read = 0. If not, it might be an effect of interference.
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5-15: The geometry of sidelobe interference. a) a profiler; here an AWAC. The upper two cells are contaminated by
interference. A is the vertical distance to the surface, ¢ is the angle of the beam. b) Aquadopp with definitions of three
positions along the beam; A is where the distance along the beam equals the distance straight up to the surface, B is the
distance along the beam equal to the distance to the surface along a 45° angle, C is the distance along the beam equal to the
distance to the surface along a 15° angle. The shaded area is the proposed measurement area

The extent to which the sidelobe interference will contaminate the velocity measurements is a function
of the boundary conditions, the scattering return strength from the water and the acoustic properties of
the transducers. Because the instrument’s beams are narrow, sidelobe interference is not always a factor
in the measurements. It may be unimportant in water with strong backscatter (i.e. sediment-laden
estuary), but may contaminate when the backscatter is weak.

If you are concerned with sidelobe interference, the figure above (b)) illustrates how to minimize the
possibility of contamination in your data, when you are near the water surface using an Aquadopp with
the sketched head configuration. Sidelobe returning vertically from a smooth water surface (Area A in
figure b)) pose the most likely source of contamination. Even though Sidelobe interference from this
direction is very weak, a smooth water surface is the strongest reflector you will encounter — it behaves
like a mirror. As the angle increases (toward position B), the strength of the surface echo weakens
substantially. From position C and beyond, the angle between the surface and beam become
disadvantageous again, the sidelobe interference begins to increase and your beam may begin to be
affected by surface velocities. This may not be such a problem because the surface velocity is typically
close to the velocity just below the surface.

The situation changes if you place the Aquadopp near the bottom (turn figure b) upside down). Echoes
vertically from the bottom are typically much weaker than the mirror reflection from the surface, so
contamination at Position A will be less serious. However, contamination at Position C could be more
serious; the bottom does not move, and the backscatter from hard reflectors, like rocks, can be large.

5.1.7.3 Weak Spots

The Vector, Vectrino and Vectrino Profiler are pulse coherent systems, and as such, they are susceptible
to pulse interference when measuring near boundaries. This especially applies to Vectrino Profiler, as this
is a profiling instrument. Pulse interference for acoustic Velocimeters is called a “weak spot” and will
show in data as low SNR (Signal-to-Noise Ratio) and correlation values, as well as noisy velocity traces.

A weak spots is related to the spatial separation between the pulse pairs transmitted by the Velocimeter.
A weak spot occurs when the first pulse hits the bottom and the reflected signal of the first pulse reaches
the sampling volume at the same time as the second pulse goes through the sampling volume. The two
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pulses passing through the same volume at the same time creates interference, reducing data quality and
generally leading to unusable data.

The table below summarizes the distances where weak spots occur for the Vector and Vectrino indexed
to the Nominal Velocity Range setting. Changing to the next higher or lower velocity range as appropriate
will eliminate the problem. Alternatively, moving the instrument (measurement volume) up or down
away from the boundary by just a few centimeters can reduce the weak spot effects. Note that the
distances to boundaries specified are approximate and will depend on the speed of sound and the
boundary surface.

The Velocity range specifies the separation in time for the two pulses. This parameter can be adjusted in
the Configuration dialog. The rule of thumb is to set the velocity range as low as possible without the
potential for water velocities to exceed the horizontal or vertical velocity ranges.

The Vectrino Profiler can make use of adaptive ping intervals to reduce weak spot interference. This
allows the ping intervals to be adjusted dynamically during data collection to account for changing
conditions within the environment. Options range from Once (perform adaptive check only during the
configuration phase at the start of acquisition) or 1/sec (dynamic checking) [2]. Using the Max Interval
algorithm (also accessible in the Configuration dialog) allows the time interval to be adjusted manually.
After setting the velocity range as low as possible, the range can be adjusted to a slightly higher range, to
move the weak spots out of the sampling window.

Velocity Range (m/s) Vector (m) Vectrino (m)
0.01 3.12

0.03 0.38,0.75
0.10 0.46 0.23,0.45
0.30 0.20 0.10,0.23
1.00 0.08,0.20 0.05,0.12
2.00 0.05, 0.09

2.50 0.03,0.10
4.00 0.03,0.06 0.02, 0.05
7.00 0.02,0.04

5-16: Weak Weak spots listed as the distance from Sample Volume to boundary for the Vector and Vectrino. Note that the weak
spot location is dependent on the speed of sound and the boundary surface, so the values given are only estimates and weak
spots may be encountered a centimeter or more away from these values.

The vertical extent of the weak spots is a function of the bottom composition. If the bottom is well
defined (e.g. sand) the extent is no bigger than the transmit pulse or about 1 cm. If the bottom is rough,
the vertical extent can be larger. Itis also a matter of the relative strength between the water scattering
and the bottom echo - if the water scattering is high the whole issue goes away.

5.1.7.4 Velocity Ambiguity and Phase Wrap

An inherent problem with coherent Doppler processing is that of the velocity ambiguity. This arises as a
result of the fact that the phase difference can only be determined to within +rt radians. The ambiguity
velocity can be estimated:
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Here, F;ource 1S the frequency of the transmitted wave and C is the speed of sound in water. The choice
of At is crucial for correct operation of the instrument; the size of the separation between pulses
determines the maximum unambiguous velocity that can be measured. Longer lags have lower maximum
velocities, while shorter lags have higher maximum velocities. Conversely, longer lags will typically have
lower noise levels than shorter lags.

If the absolute value of ¢ is greater than m, phase wrapping occurs and the measured phase shift has a
value Qmeasured = Pactual — 27T . We see this phase wrapping in a velocity trace as an abrupt,
unrealistic change in magnitude and almost always with a change in sign. While it is possible for phase
wrapping to occur without a sign change, this would be the result of an extremely large wrap where the
phase shift exceeds 2.

The simplest way to avoid phase wrapping is to have a little prior knowledge of flow conditions and to set
up the instrument appropriately for the environment. The latter is done in the Deployment Planning,
where you can set the Nominal Velocity Range. This is the maximum velocity you expect to measure
during the deployment or experiment. Note that since the transmitter and receiver are physically
separated, the measured velocity is along the bi-static axis (cf. Velocimeters). By decomposing the velocity
along the bi-static axis onto the vertical and horizontal axes you get the corresponding maximum vertical
and horizontal velocity ranges. These ranges are presented in the deployment planning dialog (right part).
Measurement uncertainty is roughly proportional to the Nominal Velocity Range — smaller velocity ranges
give you better measurements regarding uncertainty. An example of the problem with phase wrapping is
discussed in Technical note no. 027; “A Practical Primer for Pulse Coherent Instruments” [1].

For the AquaPro HR, Extended Velocity Range (EVR) may be an option to increase the ambiguity velocity.
It is an extremely useful feature for the HR profiler, allowing its use in much higher energy environments
than pulse coherent profilers typically operate. This is achieved without compromising the low noise and
single ping accuracy pulse coherent profilers are known for. EVR utilizes an additional pulse pair to create
a set of pulses with two different lags and velocity ranges. The longer lag is the standard pulse coherent
lag set by the user, while the EVR lag is shorter and has three times the velocity range. The standard phase
shift is compared to the EVR phase shift and corrected so it matches the EVR data if needed. EVR does
not eliminate the possibility of ambiguity problems if velocities exceed the specified velocity range in the
Deployment Planning dialog. Technical note no. 028, named “Extended Velocity Range Mode” [3] is
recommended reading for users of the HR profiler.

5.1.7.5 Maximum Range and Signal Strength

The profiling range and spatial resolution is primarily a function of the acoustic frequency. Instruments
using a low frequency have longer range than instruments using higher frequency; on the other hand, the
latter has better spatial resolution. The profiling range is also dependent on the scattering conditions and
the cell size. The latter because of the amount of energy transmitted into the water is set according to
the cell size. The concentration of scattering materials and the strength of the scattering return from the
water will influence the profiling range; more particles reflect more sound. The amount of particles in the
water varies with depth, a subject that is covered in the next section.
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Signal strength (amplitude) is a measure of the magnitude of the acoustic reflection from the water, and
is a function of type and amount of particles in the water. Due to spreading and absorption, the signal
strength decreases with range. The signal strength is accessed as raw signal amplitude (using
dimensionless unit called Counts) or as a Signal-to-Noise ratio, SNR (in dB- see definition of SNR). The

determination of the range over which the instrument can measure velocity accurately is the primary use
of the signal strength. It may also be used to retrieve information about the suspended sediment or the
concentration of the scattering materials. Note that this is usually not recommended because different
types of scattering elements produce different echoes, and it is difficult to distinguish between conditions
with few, relatively big scattering elements or many small elements.

When the signal strength reaches the noise level, the maximum range is reached. The Doppler Shift is not
accurately measured beyond this point. The noise floor is typically found at around 25 counts (as displayed
in the figure below). Because of the way we compute the signal strength however, you can actually obtain
good data at signal strengths a few dB below the noise floor. This means the noise floor gives you a
conservative “cutoff” for good data.
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5-17: Measurement range vs. signal strength at 2 MHz. The “+” symbol shows actual data from a river at power level 2.

The figure above shows how signal strength varies with range, based on the Sonar Equation. The family
of curves represent different source levels. The Sonar Equation accounts for the frequency of the
transducers, sound spreading and reduction in signal strength as the sound pulse travels and reaches the
particle, the amount of sound reflected back to the transducer and sound spreading and reduction in
signal strength as the reflected pulse travels back.

In the figure above, it is evident that there is a loss in signal strength with increasing range, as described
earlier. If you know the signal strength at a given power level and a given range, you can use the figure to
predict the signal strength you would have at a different power level and range. If you keep the same
power level and change the range, follow the curve closest to the value you started with. If you change
the power level, move up or down one curve for each power level (the curves are 6 dB apart).
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5.1.7.6 Ocean Scattering

The instruments rely on acoustic backscattering to operate. The amount of energy that comes back from
the water depends on the number of particles that are suspended in the water column. Very clean water
means few particles and it is thus a poor scattering environment. Velocity estimates have greater
uncertainty when the received acoustic signal is very weak. To overcome weak acoustic echo an increase
in the transmit power may be the solution, but this also increases the power consumption. Some
background knowledge about the scattering conditions at the area of measurements is helpful. The water
column in the open ocean can be divided into four zones when discussing acoustic scattering:

e The upper 100 m. Light penetrates and this zone is characterized by high biological activity. The
acoustic scattering is strong and getting adequate SNR is normally not an issue. In this zone, the
instruments can be operated with reduced transmit power to save power.

e The bottom 100 m. Fine sediments are lifted into suspension by turbulence generated as the water
flows over the bottom. In this zone, the SNR is adequate and a profiling instrument has a useful
range. In terms of instrument design, this is an “easy” part of the water column, even if the bottom
is located 6000 m below the surface.

e From the surface to 1000 m. In this zone, there is a gradual decrease in the SNR as you move
downwards. There is still biological activity and the SNR is generally adequate. There is a chance
that the SNR may change with the seasons, so we generally recommend that instruments deployed
in this zone are configured for maximum output power.

e From 1000 m below the surface to 100 m above the bottom. This is the most challenging area,
characterized by minimal biological activity and very weak acoustic scattering. The Aquadopp DW
should always be configured for maximum power output when deployed in this part of the water
column.

There are also certain regions in the world where scattering conditions are less than optimal. These can
vary with season.

e Extreme latitudes. These cold regions tend to be less supportive of biological activity (i.e., plankton)
and therefore there is less scattering in the water.

e Tropical regions. Regions where there is clear visibility from the surface, such as the tropics has
reduced scattering.

5.1.7.7 Velocity Uncertainty

The Doppler velocity uncertainties comprise two types of errors; the short-term error (random) and the
long-term error (bias).

The velocity measurements are the average of many velocity estimates (called pings). The uncertainty of
each ping is dominated by the short-term error. This error is uncorrelated from ping to ping, so by
averaging together many pings, the measurement uncertainty is reduced. The short-term error depends
partly on internal factors, such as the size of the transmit pulse, the measurement volume and the beam
geometry. Beams parallel to the dominant flow will have smaller short-term errors than beams at a steep
angle relative to the flow.

The instrument’s software predicts errors based on the short-term error of a single ping and the number
of pings averaged together. Averaging multiple pings reduces errors according to the formula:
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Where o represents the standard deviation and N is the number of pings you average together. Note that
the software predicts only the instrumental error.

In many situations, external factors such as the environment itself dominate the short-term error. This is
true near an energetic surface and in turbulent flow such as boundary layers and rivers. In situations like
this, your data collection strategy should take into account the nature and the time scales of the
environmental fluctuations. Here are two examples:

o Waves. When measuring mean velocities in the presence of waves you should sample velocity at
roughly % the interval of the dominant wave period, and you should sample through 6-10 wave
cycles.

e Turbulent flow. In boundary layers, a rough rule of thumb is that the RMS turbulent velocity is 10%
of the mean velocity. If, for example, your mean velocity is 1 m/s, you could estimate turbulent
fluctuations to be 10 cm/s. Obtaining 1 cm/s RMS uncertainty would require at least 100 pings.

When averaging several pings to reduce the error, there is a difference between the resulting “mean
current” and the measured current. This deviation from the actual current measurement is called bias.
The bias is often much smaller than the random errors you remove by averaging, and it represents the
limit to how much you can reduce your short-term error. The long-term bias depends on internal signal
processing, especially filters, and by the beam geometry. The long-term bias for the Aquadopp is typically
less than 1 cm/s.

Horizontal and Vertical Velocity Precision

Horizontal and vertical velocity precision is presented in the Deployment Planning menu. The value given
is a theoretical estimate of the precision of the velocity measurements based on how the instrument is
set up. The nominal value is given for the horizontal components in a default instrument acoustic beam
configuration. In order to improve the precision the user may consider one of the following options: (1)
larger cell sizes, or (2) longer average interval (see advanced menu settings).

(1) Standard deviation (accuracy) of the velocity measurements is inversely proportional to the depth
cell size (larger depth cells give smaller standard deviations).

(2) Doppler-based current measurements are a statistical process where you need a certain number
of measurements to average over, in order to get a stable value. Decreasing the averaging time
thus increases the uncertainty in your measurements.
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5.2 PARTIIl: WAVES

5.2.1 Background

All bodies of water experience waves. These may range from long waves, such as tidal waves (caused by
the gravitational forcing of the sun and the moon) to short waves generated by the wind’s drag on the
water surface. If you were to look at the distribution of energy for waves, you would see considerable
variability ranging from 12 hours to 0.5 seconds. A significant contribution of this energy is found in the
band from 0.5 to 30 seconds and is commonly referred to as wind waves (see figure below). Engineers
and scientists are primarily interested in these waves. To measure these waves accurately it often comes
down to how well this band is represented by the measurement method.

This 0.5 — 30-second band that defines wind waves has a variability that makes characterizing waves non-
trivial. Waves begin both smallin height and short in length, created by local winds and grow as a function
of wind strength, duration of wind, and distance the wave can grow. As a result, the wave environment
at a particular location may be composed of a combination of local wind waves from a sea breeze and
long waves (swell) generated by storm events hundreds or thousands of kilometers away. What this
means to someone trying to measure waves is that they need to appreciate the fact that the local sea
state is composed of waves with different amplitudes, periods, and directions.
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5-18: Distribution of energy. The region with periods from 0.5-30 seconds represents the wind wave band portion of the spectrum.
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5.2.2 Modes of Operation

The Aquadopp can use the “diagnostic” mode to configure the instrument to burst sample velocity and
pressure at 1 Hz, in order to make directional wave measurements. Note that the first sample in the burst
mode is the noise floor measurement (no signal transmitted) and is therefore not used in the wave
measurements.
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The AWAC, Vector and AquaPro have two modes of operation; current profiling and wave bursts. The two
modes are sequential, i.e. the system first collets a current profile, then wave data for a period of time
determined by the number of samples and the sampling rate. The system averages the full current profile
over the prescribed averaging interval (illustrated in the figure below, in this example: 120 s). The whole
sequence will start over again each measurement interval. The instrument will not do profiling and wave
burst measurements at the same time, the wave measurements are given priority. The skipped current
profile can be interpolated in the ASCII conversion software afterwards. Note that when specifying the
number of samples and measurement interval in the deployment planning, there must be enough time
to make a wave and a current measurement for each interval.

1024 s 3600 s Wave
Wave Burst Interval
P — Profile Mode

F F I I I l Wave Mode

| | | Profile Measurement
120s 600 s Profile not made
Averaging Interval

5-19: The AWAC, AquaPro and Vector measures profile and waves sequentially. In case of conflict, wave measurements are given
priority over profile measurements. Note that the intervals are user selectable in the software; this is just an example.

5.2.3 Sampling

Waves are random and therefore measuring waves requires sampling over a period of time that will best
“capture” or represent the complete sea state statistically. As a rough rule of thumb we try to get 100
cycles of the longest wave we would expect; this means if we expect the longest wave period to be 10
seconds for a particular body of water, then 1000 seconds is the preferred sampling length.
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5.2.4 Statistical Approach

Since the sea surface is composed of different types of waves and in general is irregular in both time and
space, the sea state is characterized by statistics (wave height, period, direction etc.). A couple of
assumptions are necessary when trying to approximate the wave field; the first is that the wave field can
be described as a summation of many different sine waves with different frequencies, amplitudes and
directions. This makes it possible to use Fourier analysis to reduce a time series of waves to a certain
number of sine waves. Fourier analysis is a mathematical method used to break down and transform a
periodic function into a set of simpler functions (e.g. sine and cosine) thereby providing a simpler, general
solution. For more information, see a textbook covering signal processing, for example Data Analysis
Methods in Physical Oceanography. The second assumption is that the wave field is statistically stable,
meaning that the same statistical result would be obtained if the same wave measurements were made
just a moment later (a so-called short-term description).

5.2.4.1 Time Series

The simplest method for estimating wave parameters is to evaluate the time series of sea surface
displacement from a single measurement point. The resulting time series analysis determines how far the
water surface extends above and below the mean water level. Individual waves can then be determined
by where the trace crosses the mean level; this is commonly referred to as the zero crossing method (see
figure below). The individual waves in the record can be characterized by period (defined by where it
crosses the mean water level) and height (defined by the distance from trough to crest between
crossings). The result of this exercise is a wave record composed of many waves with a variety of heights
and periods. If these waves are ranked by their height and/or period then the resulting rankings can be

used to calculate common estimates of height and period.

5-20: Example of a time series of the surface displacement. Here the zero-crossing technique is used to determine individual wave
heights (H) and wave periods (L).

5.2.4.2 Spectral Analysis

The time series analysis may seem like the appropriate manner to approach wave measurements.
However, two common restrictions keep many from succeeding. The first restriction is that time series
analysis can be a little daunting; the second that many wave measuring devices do not have the
technology to directly measure the surface displacement and, therefore, do not allow for the possibility
of time series analysis. Instead, they measure a wave related property such as pressure or orbital velocity
(cf. next section) and infer the sea state from the spectra of the time series.

A different approach is the spectral analysis, made possible by application of Fourier transforms. A given
trace of the waves can be analyzed by using Fast Fourier Transform (FFT) to produce energy density
spectra (e.g. figure below). The spectrum shows how the energy density is related to different
frequencies. Having obtained a spectrum, the frequency domain wave parameters may be found. Both
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the ease of interpretation and large number of non-direct measuring instruments has left spectral analysis
as the primary method for processing wave results. It provides an enriched collection of wave parameters

and also permits directional wave analysis.
The most complete solution is both a time series analysis and spectral analysis; however, this is often not

possible with the majority of instrumentation available today.
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5-21: Energy density spectrum for a time series. This is ultimately used for estimating wave parameters of height and period.
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5.2.5 Wave Induced Subsurface Properties

5.2.5.1 Orbital Velocity

The orbital velocity produced when a wave passes is the basic mechanism for obtaining information about
the waves on the surface. When a wave propagates past a point it creates local currents below the
surface. These currents are special in the sense that they are changing direction, whereby the crest of a
wave will have the affected water below it moving in the direction of propagation, and the affected water
below the trough moving in the opposite direction of the propagation, as illustrated in the figure below.
This cyclical motion constructs a circular path in deep water and is often referred to as a wave’s orbital
velocity.

VN r—— W.’lvclcﬂglh ———

Direction of waves

- = b S 2 — o =

5-22: Description of the orbital velocities beneath a wave as it propagates. Note that the orbital velocity attenuates with depth.

The ability to measure the orbital dynamics from below allows us to interpret the waves on the surface,
by use of linear wave theory. This provides the means to estimate many of the wave parameters that are
commonly used to describe a sea state. An important detail to understand about orbital velocities is that
they attenuate exponentially with increased depth and shorter wavelength. The wave energy will only
propagate to a certain depth; the energy cannot be seen or measured below this depth. This means that
short waves in deep water do not have an orbital velocity signal that penetrates to the bottom. Higher
frequency waves attenuate more quickly with depth. Thus there exists a tradeoff between the depth of
the measurement location and the ability to measure the higher frequency waves. This is exactly why we
are both depth and frequency limited when measuring waves.

The transformation from along beam velocity measurements to U- and V velocity components assumes
that currents are uniform within the plane created by the three beams. This assumption is clearly not
valid when measuring waves, since the beam cells are spatially separated and therefore the orbital
velocities will not be equal at different cells. However, the directional analysis does not need the exact
magnitudes of U and V. From the definition of the directional Fourier coefficients, the factors multiplying
U and V will drop out from the definitions of the Fourier coefficients relations as long as the factors are
functions only of frequency equal for both U and V [4].
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5.2.5.2 Dynamic Pressure

Another important property when measuring waves is the dynamic pressure. It is largely dependent on
the presence of orbital velocities and this means it also experiences attenuation as a function of depth
and wavelength (see figure below). The dynamic pressure is at maximum under the wave crest. The rate
of decrease with depth is well understood and modeled by linear wave theory. This allows us to measure
the pressure near the bottom, and to rescale the measurement to obtain the wave elevation spectrum at
the surface, by use of transfer functions. Note that the dynamic pressure is sensitive to errors in the

2 . . .
wavenumber (k = 7”), as is evident from the equation below.
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5-23: A wave moving in the direction of the blue arrow. The pressure profile is shown in red. Pressure and velocity (red arrows)
under the crest are in phase with each other (Reprinted from [5]).

5.2.5.3 Transfer Functions

Both the dynamic pressure and the orbital velocities are driven by the surface waves. The signals
associated with these properties are complicated by the fact that they attenuate exponentially with
depth. The exact behavior of the attenuation has to do largely with the water depth and the wavelength.
Briefly the behavior is as follows, (1) as we move down in the water column the signal is increasingly
attenuated, (2) as the wavelength decreases (shorter period or higher frequency) the signal again
experiences increasing attenuation. We use linear wave theory to convert pressure and velocity spectra
to surface elevation spectra. The pressure attenuation factor is given by

T — coshk(h+z)
P~ coshkh '’
and for the velocity as
w sinhk(h+z
T, = (h+2)

coshkh

Here, h is the water depth; z is the position in the water column, w is the circular frequency, and k is the
wavenumber [6]. This attenuation is exactly why the instrument is restricted to measure longer waves at
deeper instrument locations. It is difficult, if not impossible, to measure high frequency waves of low
amplitudes from instruments deployed at large depths.

5.2.5.4 Cutoff and Extrapolation

A matter that must be taken into consideration when using spectral analysis to estimate wave statistics
is that as we move up in frequency there will be a point where there is no response in the signal yet the
attenuation continues to become more significant. This weakening, or attenuation, increases with
frequency. At some cutoff frequency, the velocity and pressure signal becomes so weak that the waves
can no longer be detected.
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The problem arises when the perturbation is less than the sensitivity of the sensor. This leads to a false
growth with the spectral level as we increase frequency (as illustrated in the figure below). The end result
is that the calculated surface spectrum "blows up" into infinity. The reason for this false growth is that as
we move up in frequency, the signal drops into the noise floor while the transfer function decays
exponentially. Therefore, at some frequency in the spectrum a minimum must be chosen before it grows

without bound.

This behavior at high frequencies necessitates the need for defining a cutoff frequency and an
extrapolation from this frequency onward. Since we will ultimately integrate the spectra for the
momentum calculations, we require spectra that are unambiguous and bounded. We assume that the
spectrum follows a Pierson-Moskowitz or JONSWAP type spectrum. This is an empirical spectral shape,

where the tail rolls off at a rate of f~*5.

The frequency at which the cutoff is selected is determined by finding the last local minimum above a
maximum amplification factor in the spectrum as we sweep up in frequency. The problem with a sensors
cutoff leaves the possibility of not detecting wave energy about the cutoff, and this lead to errors in some
wave estimates (H g, Tinoz) if no extrapolation is done. The AST has no extrapolation applied to it because
it does not have a cutoff frequency limitation like the pressure or velocity based estimates. This is because
AST is a direct measurement of the surface, and transfer functions are not used.
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5-24: Example of high frequency extrapolation. Note that the original signal is represented by the dashed line. The figure is
reprinted from [6].

5.2.5.5 Correction for Background Currents

In case of strong background currents, the measured waves may be affected by a Doppler shift. That is,
when currents are directed against the waves, the waves are compressed. When the currents travel in
the same direction, the waves are elongated. The resulting spectra will see the peak energy shift slightly



Page |127

to lower or higher frequencies. It is not just the magnitude of the currents that is essential but also the
direction. Currents flowing in a direction perpendicular to the wave direction will have no effect on the
waves.

The degree to which the Doppler shift modifies the surface waves depends on the current speed relative
to the wave propagation speed. This means that slow propagating (short period) waves are the most
affected by currents.

Measurements that infer the surface waves from either orbital velocity or pressure measurements
require special attention regarding background currents. This is because the transfer function used for
inferring the surface waves is wavenumber dependent, and it is the wavenumber that is modified by the
background currents. The wavenumber solution must take into account the mean current and direction
relative to the wave direction. The post-processing method that relies on the wavenumber solution is the
PUV method, and it is the one which is most sensitive to the effects of currents. The correction for
background currents is done in post-processing software when necessary. The AWAC with AST is a direct
measure of the surface waves and therefore its response is unaffected by background currents.
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5.2.6 Wave Parameters

5.2.6.1 Non-directional

The most common non-directional wave parameters describe height and period of the wave field and are
single values representative of the time series. The instruments collect raw wave data that must go
through a processing step before it can be used to interpret the waves on the surface. The processing will
lead to classic wave estimates for the following wave parameters:

Period (T) is defined as the time interval between two successive peaks (or troughs) passing a fixed point,
measured in seconds. The Peak Period (Tp) is the period associated with maximum peak in the spectrum.
It is found using the spectral analysis method, and it tells the characteristic frequency of the arriving wave
energy (remember that frequency is the inverse of the period). The only parameter needed to find the
peak period is one that varies with the wave frequency, which may be the water level, the pressure or
the orbital velocity. To find the peak period, the spectral analysis is used on the time series of the
parameter used to point out the frequency with the most energy. The Mean Period (Tz) is the mean of all
the periods in the record.

Wave height (H) is the vertical change in height between the crest and the trough. The wave height is
twice the amplitude (a). The parameter most used by oceanographers to characterize a particular sea
state is the significant wave height (H, or H,,,) defined as the mean of the highest 1/3 of all waves in the
record’s ranking. Classically, this estimate is performed by sorting all waves in a time record according to
height (referred to as H; ). However, in our approach, we utilize the spectrum of the sea surface to
approximate this value. A generally accepted approximation is H,,o = 4.0 \v'm0. The mO represents the
first momentum of the power spectrum. The k" momentum is defined by m;, = fka(f)df, where C
is the power spectrum, and f is the frequency [6].

Other wave height parameters of interest are the maximum wave height (Hy,.x), which is simply the
largest measured wave in the record, and the mean of the largest 10% of all waves in the record (Hq,).
These two parameters are commonly used for coastal design and assessment and are only possible when
we have a direct measure of the surface displacement (e.g. AST). Indirect measurements of waves cannot
produce these parameters.

5.2.6.2 Directional

Calculated wave directions are based on the first pair of Fourier coefficients and describe the mean
direction at a given frequency. The directional wave spectrum is commonly expressed as a composition
of the frequency spectrum and the directional spreading:

E(f,0) = S(f) * D(f,6)

Here, fis the frequency and @ is the direction. E is the full directional spectra, S is the energy density
spectra (frequency spectrum) and D is the normalized energy spectra (directional spreading). The energy
density spectrum is retrieved by spectral analysis for the time series of surface elevation (pressure, AST,
orbital velocities), while the estimation of the directional spreading use a combination of the
measurements taken; dynamic pressure + orbital velocities or AST + orbital velocities. The directional

distribution can be approximated by a Fourier expansion according to D(f,0) = %[% + Y {a,cos nb +
b, sinnf}].
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The cross-spectrum is a measure of the similarity of two different measured parameters, clarifying if they
are varying together. If they vary at the same frequency, then it is likely they are related. The full cross-
spectrum is presented as Cyy, = S,Sy, where the * indicates the complex conjugate [6]. The cross-
spectrum is calculated between every sensor, and the directional spectrum is assumed to be linearly
related to the cross-spectrum [7]. It has been shown that the first two pairs of Fourier Coefficients can be
expressed in terms of the cross-spectrum [6]

) = Cu
W) Gt G2
C.
bl(f) = = 1
[C**(Cuu + CUU)]Z
_ Cuy — Gy
a;(f) = Con + Con
2Cy,
b,(f) = R

Here, C,,,, represent the cross-spectra of the u and v velocity components. C,,,, and C,,,, are the velocity
component power spectra, and C,, is the pressure (Cp,) or the surface elevation spectra (Cs)
(depending on the method used).

Generally, the two parameters defining the directional distribution is the mean wave direction (6,) and
the directional spreading (o). The mean direction is expressed as: 8; = arctan 2(b4, a,) . The directional

spreading is calculated as @ = /2(1 — 1;), where 1, = /a? + bZ.

Note that wave directions are always reported as the direction where the waves are coming from.
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Acronyms  Description Range Note
o ) HmO0 = 4.0 x vm0
HMO Calculated from energy spectrum. Known as Significant Wave Height, mo represent the first moment of the power spectrum, 0-20 m
defined as the mean of the highest 1/3 of all waves in the record’s ranking. , fend
defined as m, = ff " S fadf
star
Typically 5% |
H3 Time series based estimate. Mean of the 1/3 largest waves in a record. Zero up crossing t::::nZOSA arger AST only
H10 Time series based estimate. Mean of the 1/10 largest waves in a record. Zero up crossing 1.27*HmO AST only
Hmax Time series based estimate. Largest wave in a record. Zero up crossing 1.67*HmO AST only
Hmean Time series based estimate. Mean value of all waves in a record. Zero up crossing AST only
. mO0
TmO02 Calculated from energy spectrum. Mean period. Tmo02 = -t
m
. . 1
T Calculated from energy spectrum. Peak period of the waves corresponding Tp = 7
P to the peak frequency. peak
f=frequency, S = energy spectra
Time series based estimate. Mean period. This is a direct measurement .
Tz . . Zero up crossing AST only
unlike the spectral equivalent, Tm02.
3 Time series based estimate. Period associated with the 1/3 largest wave in Zero up crossing AST only
the record H3
T10 Time series based estimate. Period associated with the 1/10 largest wave in Zero up crossing AST only
the record H10
Time series based estimate. Period associated with the largest wave (Hmax) .
Tmax . Zero up crossing AST only
in a record
Icul f . Peak direction is th irecti R
TpDir Calculated from ene.rgy spectrum. Peak direction is the W.ave dlrf.ectlon at Zero up crossing 0-360 degrees eBorteci
the frequency at which a wave energy spectrum reaches its maximum. as “from
180
. . 1= 2x(1- —, 1, = VA1? + B1?
Calculated from energy spectrum. Measure of the directional variance at Spr *( A
Sprl Al and B1 are first pair of Fourier coefficients at the 0-360 degrees
peak frequency.
peak frequency
_JS(F) = AL(f) _JS(f) = B1(f)
Alpana = s »Blpana = sH
Mdir Calculated from energy spectrum. Main direction. Weighted average of all Mdir = 2(A1 B1 0-360 degrees Reported
the directions in the wave spectrum. = atan( band; band)' g as “from”
For this case the "band" is the entire frequency range of
the energy spectrum
- Calculated from energy spectrum. Measure of how much of the wave
Unidir. . . -
index energy over the full spectrum is from a single direction. Value of 1.0 0.0-1.0

indicates the energy is from one primary direction
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5.2.7 Processing Methods

The resulting time series of the raw measurements is not particularly useful from a practical standpoint.
The wave data therefore needs to be processed to yield the parameters presented in the previous section
that can broadly, yet accurately, characterize the sea state. Nortek uses the following methods:

5.2.7.1 PUV

This method was perhaps the first approach used for measuring directional and non-directional wave
properties from below the surface. It dates back to the 1970’s and because of its modest requirements
for instrumentation and processing, it is still in use to this day. Nortek offers three instruments using PUV
measurements; the Vector, the Aquadopp and the AquaPro.

The name itself is a description of the method as it is an abbreviation of the three quantities measured:
Pressure and the two horizontal components of the wave’s orbital velocity, U and V. These measurements
are made at the instrument’s deployment depth and because they are co-located at the same point, this
is referred to as a “triplet” measurement.

The PUV analysis must provide an accurate estimate of the wave elevation spectra in addition to the
direction and the directional spreading. The dynamic pressure measurement provides a means of
estimating all the non-directional wave parameters, while the combined P, U, and V measurements allow
for estimating the directional wave parameters.

Since these estimates are based on the wave energy distribution, and not a direct measure of the free
surface, they are considered inferred estimates. Fourier transforms are used to separate the signals into
different frequency bands so that it can determine the direction separately for each band. This means
that if you have a long-period swell coming from one direction, and a shorter period coming from another,
you can tell the direction for each of them separately. The main assumption for standard PUV wave
measurements is that waves at a given frequency come from one primary direction.

The most important thing to understand about the PUV method is that it is limited to (a) deployment
depths that are shallow (less than 10 meters) and (b) waves that are long (approximately periods of 4
seconds or longer). The limitations are a result of the fact that the orbital velocity attenuates with depth.
The limitation of only measuring long waves (swell) is the one that should raise a warning flag for those
who are interested in the complete description of the wave environment. As an example, the PUV may
be successfully used if one wants to investigate a structure’s response only to swell in shallow water. The
accuracy of the solution requires measurements over the entire wind wave band (waves with periods of
0.5-30 seconds). Incomplete coverage of the wind wave band can result in underestimation of wave
height and missing peaks in the spectrum. The only way to improve the coverage of the wind wave band
is to deploy the instrument in relatively shallow water (i.e. 3 meters depth).

To learn more about the PUV method, two papers are recommended. Reference [5] describes the
principles of how the PUV method obtains wave direction spectra, illustrated with results obtained with
a Vector. Reference [8] explains the limitations of the method, including techniques for handling some of
these.
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5.2.7.2 Array Method

The shortcomings of the PUV method prompted the development of a new technique for measuring
waves. This new technique involves employing current profilers to measure orbital velocities closer to the
surface where the velocities are less attenuated by depth. As a result, the shorter waves could be
measured at greater depths. A more complex processing method is required since the measurements are
no longer co-located (triplet measurements), but are in the formation of an array of measurement cells
(“Projected Array”). The most common array processing method is the Maximum Likelihood Method
(MLM), a method that has demonstrated very favorable results. There is an effective doubling of
performance; the deployment depth can be doubled or the cutoff period is reduced by half. The MLM
makes it possible to resolve the wave field in every direction.

The directional estimates of short waves are limited by the size, or the horizontal separation distance
between the cells, of this projected array - which again is dependent upon the deployment depth. As the
deployment depth increases, so does the horizontal separation between individual measurement cells.
Increased separation distance will lead to a larger minimum wavelength that can be resolved for
directional estimates. A rough rule of thumb is that directional estimates for waves that have a
wavelength that is two times the separation distance or greater can be resolved unambiguously. This
aliasing presents a spatial Nyquist limit and leads to a cutoff frequency where wave directions cannot be
resolved. For example, a gauge deployed 40 m below the surface has a directional cutoff frequency of
about 0.22 Hz (4.5 seconds). This means that the gauge will not be able to resolve directions from waves
shorter than 4.5 seconds. The cut-off frequencies for the AWAC can be seen in the figure below.

An important detail about the array solution is that the complete wind wave band (0.5-30 seconds) is still

not covered and underestimation is possible if the instrument is deployed in typical coastal depths (e.g.
greater than 15 meters).

Depth Dependent Frequency Limits

< T
AN
N
N
>~
N,
~

—_ b b b i b
- B W P NOYI0D

1
t
1
1
1
11
\
i
|
i
\

o o oo
» ~N o ©
sl

Frequency limit (Hz)
o o
= (5,

i

02

5-25: The cutoff frequencies for the
AWAC - both for direction and non-
directional estimates. This
limitation is a result of the
horizontal spacing of the velocity
cells that construct the array near
the surface.

Directional Limit
Non-directional Limit

01 | I 1 I I
0 10 20 30 40 50 60
Depth {m)



Page | 133

5.2.7.3 MLMST and SUV Utilizing Acoustic Surface Tracking

5.2.7.3.1 Acoustic Surface Tracking (AST)

In 2002, the AWAC was first released with the AST option. The vertically oriented transducer in the center
of the AWAC use the echo sounder principle, the travel time from the instrument to the surface and back
allows us to estimate the distance to the surface for each ping. The strong impedance mismatch at the
water — air interface provides a near perfect reflection, and thus provides a strong return. Although the
transmit pulse is rather short, we have a large receive window so that we ensure a surface detection. High
resolution of the surface is ensured by finely discretizing the receive window into smaller bins. Each one
of the return bins is 2.4 cm. Even greater resolution of the exact surface is achieved through quadratic
interpolation of the peak point and its neighbors. The final resolution of the distance to the surface is
Imm.

The record of the distance to the sea surface gives the user the possibility to see the exact wave profile.
The direct measure has many advantages; the first, and most profound, is that there is effectively no
depth limit for coastal waters and that the largest possible portion of the wind wave band is covered. The
AST measurement also allows for both time series and spectral analysis. This means design parameters
such as Hyy and H,,4, can be measured directly. The ability to measure the wave parameters by use of
AST is limited by the size of the area that is ensonified by the AST beam, called the AST footprint. The size
of the footprint is determined by a) the beam width and b) the instrument distance from the sea surface.
The beam width is fortunately quite narrow, both the 1 MHz, 600 and 400 kHz AWACs has a beam width
of 1.7 degrees. The size of the footprint will increase with wider beam width or with greater distance from
the surface. The cutoff frequency (limit of shortest measureable wave) is affected by the size of the
footprint. As a rule, we follow a Nyquist like reasoning; the frequency limit associated with the footprint
is when half the wavelength is on the order of the diameter of the footprint. This clearly is the absolute
shortest measurable wave. Below you will find a table that shows deployment depth, footprint size, and
the resulting shortest measureable wave.

Since the inception of the AST, it has remained the cornerstone of the success of the AWAC. Numerous
comparisons have been made with independent and trusted references; the data return has always been
near 100% and the estimates of the wave parameters very favorable. In short, the AST circumvented all
the shortcomings associated with subsurface wave measurement instruments and allows for the best
possible coverage of the wind wave band.

Depth [m] Footprint diameter [m] Wavelength [m] Wave period [s]
6 0.20 0.40 0.5
12 0.38 0.75 0.7
24 0.74 1.47 1.0
36 1.08 2.16 1.2
48 1.42 2.85 1.4
60 1.79 3.58 1.5

5-26: Depth dependent AST limits
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5.2.7.3.2 MLMST

The MLMST is a version of the array method, adapted for surface tracking measurements instead of
pressure measurements. The AST is included in the MLM solution to improve upon the accuracy of the
directional estimates. Wave orbital velocity measurements are still made close to the surface like the
array solution, but instead of the dynamic pressure, the AST option is utilized to estimate the non-
directional spectrum (figure (a) below). This is an adequate solution for a bottom-mounted instrument.
The directional estimates are limited by the horizontal separation of the wave measurement cells and AST
(figure b)), and the non-directional estimates are limited by the AST footprint, as described in the previous
section.

5-27 (a) AWAC and the array of measurements cells for orbital velocity measurements (yellow) and the Acoustic Surface Track
option (red), (b) looking down from above at the array of measurements from the AWAC, (c) Axial velocity components of U and
V.

5.2.7.3.3 SUV

If the position of the measurements in the surface array are not stationary (if the instrument is mounted
in a subsurface buoy there will always be some motion), then array processing methods like MLM and
MLMST become mathematically impossible to solve and cannot be used. Nortek developed the SUV
method to solve the problem of directional wave measurements from a moving subsurface buoy. This
means that when wave measurements are desired in waters where it is not possible to use an array
solution (60-100 meters deep) the AWAC may be placed in a subsurface buoy and positioned closer to
the surface (e.g. 30 meters below the surface). The result is that the AWAC measures directional wave
characteristics as if it was mounted on a seabed at 30 meters, yet it has the flexibility to be mounted at
depths determined by the subsurface buoy’s mooring system. Wave orbital velocity measurements are
still made close to the surface like the array solution, but instead of an array, the velocities are converted
to the co-located velocity components of U and V (see c) above). The other difference is that the dynamic
pressure is replaced by the AST option.

The method may also be used for bottom-mounted deployments even if data was collected without the
SUV mode turned on in the AWAC’s deployment configurations. The method is also better suited (than
MLM) for deployments where the waves are exposed to large mean currents. Mean currents can present
a Doppler shift on the wave field and introduce error in the directional and non-directional estimates if
not corrected; the SUV method does not require this correction. For more on the SUV method, please
read “Wave Measurement from a Subsurface Platform” [4].
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APPENDIX A

Final test checklist

Order number

| Head ID

|Hardware ID

|Frequency

NORTER AS
Vangkroken 2
N-1351 Rud
MNorway

Tel: +47 6717 4500

l:‘ Pitch up
l:‘ Roll up
l:‘ Status bit

l:‘ Pitch down

l:‘ Roll down

pitch & roll within + 0.2°

v
l:‘ Down

tolerance: = 0.2°

[ ]

[ ]

tolerance: = 0.5% of

L.

<[]
(o

System type | Firmware version fax +47 6713 6770
inquiryi@nortek-as.com
(] Aquadopp Comments www.nortek.no
Aquadopp profiler
D Lable checked
l:‘ Vector
[ Jok
[] awac
l:‘ Continental Dock test
I [ Jok
Tilt check Heading Pressure Temperature

[ ]ok

tolerance: + 0.1°

l:‘ Headfile checked
l:‘ Saved as read only

DOK

Beam check
Correct Moise floor Amplitude Range Velocity
order in tank direction
Beam 1 [] ok > [] ok [(Ix [] E
Beam 2 [] ok > [] ok [y [ n
Beam 3 [] ok | ‘ > [] ok [(]z [ v
Beam 4 [] ok | ‘ > [] ok
Head file Harness test Recorder erased

I:‘OK

Type: |

Rec. size:

I

External sensors

Power down

[[]ok

Battery disconnected
upon shipping

day month year

Date

Signature

NOM 03-110-01
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Trouble Report - VMCP
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Company:

Contact Person:

Instrument ID: Color of Cable:

Software Interface Box: O LED
Version: [0 Mo LED

Has the instrument ever worked?

O No

O ves

Details about what was done immediately before the problem (e.g. New PC, new serial port, cable junction, etc...) or any
error messages at the time can be helpful when diagnosing and fixing the problem:

Describe the error by using the checklist below, and perform the suggested solution:
Note that the table below is divided into two sections. Follow the section that belongs to the type of error that applies to your

problem.
OUnrealistic values ONo er intermittent data
Lcprs OLow Amplitude [Bad/No CIFailure of OFailure of the O
[missing calibration the Interface | cable or Failure
or bad gquality biow connection of the
data) instru
ment
LCheck that [ Observe the Signal OThe _IPerform Orerforma LIif the
the interface is strength under Vessel directional an Inspection | Cable test; check cable,
present and Profile Graphs display. A information of the the Ohm value of | interface
installed with stable low counts value appears to be Interface Box | the 6 pins (cf. unit and
correct port (straight vertical line) at random or (cf. margin table and PC
number and all depths is a strong unlikely, e.g. on the description in the | appear
baud rate. indicator that something | the sticks in previcus margin on the to be ok,
IS Wrong. the stick plot page). fone | previous page). and the
[check that tend to turn of the two system is
the incoming You may want to check along with the || lower LED O check that no still
= format is that the depth cell chosen | vessel lights lit red, | serial mouse or failing,
5 correct, e.g. by (Calculations menu) for heading, or there is most | other device please
E using a terminal | closer review has there is likely a driver is installed contact
= or serial port amplitude high enough asymmetry in problem with | on any of the Mortek
g emulator (=5 counts above noise the velocity the cable. serial ports used in order
5 Program. fleor) to give credible sticks. by the VIMICP or to
% datz. external sensors. | discuss
further
(3] actions.
Barnacles on transducers; | Recalibration, || Please send the raw data files (SurveyVM v1:
needs to be cleaned. K is follow the *_adp, *.gps, *.gyr, *.rcf. SunveyViv w2 * wpr,
highly recommended to Calibration * ves, *.svm) together with this report to
avoid using strong procedure. inguiry@nortek.no.
detergents.

| Date f Signature:
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APPENDIX C
Proforma Invoice =N
NOT A SALE - TEMPORARY EXPORT TO NORWAY FOR REPAIR :| s
SENDER (Exporter) RECEIVER
MName: MName: MNortek AS

Address: Vangkroken 2
Address:

City: M-1351 Rud
City Country: Norway

Tel: +47 67174500
Country:

Fax: +47 67136770
Tel: E-mail: inquirg@nortek no

Contact: Jonas Restad
Fax:

Customs Account No: 28605-56
Ref: VAT/Company No: 976 119 185

Date: Mo. of Units: Weight:
Delivery Terms: Customs Account MNo:28605-56
Description of Goods: Origin: NO Value:

Total Value:

Mortek RMA No:

Reason For Export:

Place:

Date:

Exporter’'s name:

20



