Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the |Jsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: Qmetrix BV

Address: P.O.Box 7435
2701 AK Zoetermeer

Phone: +31 79 3165314
E-mail: Sicco.kamminga@ametrix.nl _‘
Filled in by: Sicco Kamminga

2. Which wave measurement instrument(s) does your company sell?

Nortek — AWAC,

Nortek AquaDopp,

Nortek — AquaDopp Profiler,
Nortek - Vector

3. Give a short description of the functions of the(se) wave measurement

instrument(s)?

All instruments are deployed from the bed and measure acoustically.

AWAC: measures a current profile and wave full directional spectrum acoustically
using the Maximum Likelihood method and a vertical acoustic beam

AquaDopp, AquaDopp Profiler and Vector measure current and a wave full directional
spectrum using the PUV method.

The difference is that the AWAC can measure also short waves while it is deployed in
coastal waters up to 50m deep. We will focus on the AWAC here.

4. What is the brand(s) of the(se) wave measurement instrument(s) (if your company
sells more than three different brands of one instrument, then please list only the three
most suitable for wave measurements on the lJsselmeer or Slotermeer (see
accompanying letter)):

Nortek
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5. The wave measurement instrument(s) consists of:

The instrument itself in a Delrin housing, underwater cables and as an option a battery
container.

5. Which materials the wave measurement instrument(s) consist of?

Delrin housing, titanium screws and urethane transducers The cables are
polyurethane.

6. What are the physical specifications of the wave measurement instrument(s)?

See attached drawing

7. What is the enerqv use of the wave measurement instrument(s)?

The energy consumption depends strongly on the instrument configuration.

8. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

On the extreme would be 45 days of continuous 4 Hz sampling with a wave averaging
interval of 20 minutes. The instrument would then acquire 150 Mbytes of data and use
500 Wh of energy (large container, double large container is available)

9. How sensitive is the wave measurement instrument(s) for damage of storm, ice,
driftwood or vandalism?

Hardly, but there are limits of course. When the instrument is mounted at the seabed
in a structure which protects the instrument chances of damage are very low.

10. What is (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

Price start at euro 21.000, ex VAT and shipping, for a single instrument. A brochure
with specifications is attached.

11. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

Yes, we at Qmetrix have a unit available for trials or lease. Standard delivery time is 2
weeks after purchase ex Norway.

12. What does the output data consist of (e.q date, wave height, wave direction,
etc)?

Standard output is raw data, meaning measured velocities and surface elevations. An
internal computational board is available (at extra costs) which computes wave
parameters in the instrument.
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13. Is it possible to transfer the output data (for example with GSM/Satel transmitters
(9600 Bps)) without interruption of the measurements?

Yes. Standard raw data output is quite a lot for a 9600 Bps modem. Then a
computational board is required.

14. Does the wave measurement instrument(s) measure continuously (3600sec/h and

24h/day)?

The instrument measures in wave bursts. A burst is f.e. a measurement during 1024 s
and sampling at 4 Hz. In between wave burst a current profile is measured with f.e. an
averaging period of 60s. The wave interval could be 1200s or larger in this case.

15. How much output data does the wave measurement instrument(s) produce in one

day (MB)?

Depends strongly on configuration. Up to 3 Mbytes per day.

16. How much output data can be stored by the wave measurement instrument(s)

(MB)?

154 MByte (2 MByte is standard)

17. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

The instrument should be mounted nicely flat and stable.
Site selection is always important, it is hard to measure waves close to structures.

Wave height is being measured with a vertical beam. This method is robust.
Wave direction measurements have limits in measuring short waves.

18. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp,Tm01) and wave heights), please specify ?

Wave Height accuracy is better than 1 cm.
Period estimates are 0.1 s or better.

Accuracy of estimated parameters depends on conditions, especially wave shape.

19. Can the wave measurement instrument(s) accurately measure at a sample

frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

The vertical acoustic beam (wave height) samples at 4 Hz. The other beams sample
at 2 Hz.
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20. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmO) of 5-200 cm?

Accuracy of surface elevations is typically 2-3 mm with a range of 0.5 cm to 10 m.

21. What is the wave frequency range of the wave measurement instrument(s)?

The minimum wave frequency is 2 Hz. The maximum wave frequency depends on
configuration. Maximum wave averaging interval is 2048 s.

22. How robust is/are the wave measurement instrument(s) (like how large is the risk
that the instrument(s) or its electronics fails or becomes unreliable during a storm)?

Nortek instruments are very reliable. Basically the same electronics is used for
deployments in deep oceans where costs of deployment are high so requirements on
reliability are high.

23. Can any measuring or processing errors be expected during asymmelric or
breaking waves? If so, how large are those errors, and what type?

Asymmetry does not necessarily give measurement errors. The AWAC can measure
in waves with a height / length ratio of 1/7. Asymmetry may lead to processing errors
as the inherent wave model is then not adequate.

Breaking waves are in principle a problem as bubbles may be entrained in the water
column. In practice, loss of data is limited to 1 or 2 %, see attached memos (Gabbard
memo and memo Oceans2002) and does not significantly influent final results.

24. |s it possible to check the performance and abcuracv of the wave measurement
instrument(s) in the field without removing it, and if so how?

If the instrument is operatéd online all data is available to the user and checks can be
made.

25. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

None and no re-calibration is necessary either.

26. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s)?

We can supply the AWAC with the computational board. In this case we could acquire
data from other sensors.
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27. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

The instrument has no moving mechanical parts. The housing is of Delrin material
which is very smooth and generally is not very sensitive to fouling. Generally when
mounted at the bed it is good to clean the instrument periodically without removing it.

29. Are there any reference customers we could approach for an user interview?

We could give you the full address of the users which have cooperated in the test as
attached.

30. Is there any other relevant information about the wave measurement instrument(s)
we need to know for finding the best wave measurement instrument(s) for
measurements at the IJsselmeer and Slotermeer?

The AWAC can now configure itself based on its own measurement data. Deployment
is not difficult anymore.

The instrument has additional sensors for water temperature, pressure and instrument
orientation (Pitch, Roll, Heading).

Software is available for configuration, data acquisition and post-processing.
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Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the lJsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: General Acoustics GmbH
Address:

Dorfstralle 57
24107 Ottendorf/Germany

Phone: ++49 (0)431 -5 80 81 81
E-mail: hbalzerek@generalacoustics.com
Filled in by: Dr. Heiko Balzerek

2.  Which wave measurement instrument(s) does your company sell?

LOG_alevel®: Autonomous Remote Sensing of Water Levels and Waves

3. Give a short description of the functions of the(se) wave measurement
instrument(s)?

It is a complete, remote sensing, stand-alone wave and water level gauge on the
basis of air ultrasound (optional with solar power supply and wind generator).

The system works automatically and is independent of any external connections. Via
telephone line or wireless data transmission all measurements are available online.
With a help of a terminal program the measurement system can be monitored and
controlled remotely.

To guarantee the highest measurement and data security, a level of redundancy can
be built into the system (e.g. buffer battery, data logger, etc.).

Data deriving from external sensors - as there are anemometer, rain gauge or others
— can be saved, processed and exported together with the recorded wave data.

High performance ultrasonic sensors guarantee robust, reliable, fast and precise
measurements of all kinds of waves and their dynamic — up to very steep waves.

4. What is the brand(s) of the(se) wave measurement instrument(s) (if your

company sells more than three different brands of one instrument, then please list only
the three most suitable for wave measurements on the IJsselmeer or Slotermeer (see
accompanying letter)):

LOG_alevel®
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5. The wave measurement instrument(s) consists of:

- Ultrasound sensor: With elaborated features - e.g. narrowed sound beam, high
emitting power, receiving sensitivity, practically free of side lobes.

- Controller in stainless steel housing: Combining all functions - e.g. operation
control, sound velocity gauging and calibration of the total system, data
processing, time stamping, data storage/interface, data transmission, system
control, energy function, etc.

- Power supply: 12/24 V DC; 230 V AC (standard); solar panel, wind generator,
backup battery (accessories)

5. Which materials the wave measurement instrument(s) consist of?

Housings: stainless steel

6. What are the physical specifications of the wave measurement instrument(s) ?

Depending on detailed specification:

- Housing (without battery 200x200x150/ with battery from 300x300x150 mm up to
600x600x300)

- Sensor (100x50 mm in size) needs clearance of 1,50 m form disturbing reflectors
within the signal path

- Sound velocity gauging (size 200 mm)

7. Whatis the energy use of the wave measurement instrument(s)?

Depending on specification: starting from 3 W (smallest package)

8. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

Depending on battery size, equipment components and measurement task up to 1
year

9. How sensitive is the wave measurement instrument(s) for damage of storm. ice,
driftwood or vandalism?

Due to the fact of contactless measuring from above the water level the system is free
of icing, soiling and poliution as well as independent of driftwood. The small size of the
system — especially the tiny sensor, which can hide easily — and the high security lock
for the housing makes the whole gauge saver than other measurement systems.

10. Whatis (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

The basis price is 4,820. It consist of:

- Stainless steel casing 200x200x150mm, IP 66 (optional 69k)
- Ultrasound sensor IP 68; connector cable 2 m

- Sound velocity reference gauge (sensor REF 200)
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- Controller module for signal processing and sensor control/data acquisition (incl.

timer)
- Digital data transfer via interface RS 232

Suas
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11. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

yes

12. What does the output data consist of (e.q date, wave height, wave direction,

etc)?

Data stream consist of a header and data row. Both are ASCII format and directly

readable:

- Header: time (e.g. 00:33' 50" 280 ms), date, sample frequency, GPS pps
availability, system status in Volt,

- Data row: wave height in respect to a reference point (e.g. mean sea level)

13. Is it possible fo transfer the output data (for example with GSM/Satel transmitters
(9600 Bps)) without interruption of the measurements?

Yes
GPRS also possible

14. Does the wave measurement instrument(s) measure continuously (3600sec/h

and 24h/day)?

yes

15. How much output data does the wave measurement instrument(s) produce in one

day (MB)? '

Depending on the sample rate
5 Hz: approximately 24 MB

16. How much output data can be stored by the wave measurement instrument(s)
(MB)?

Depending on the size of the PCMCIA card (64 MB up to 2 GB)

17. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

Single potential mavericks — being labelled as such outlier — should be eliminated
before calculation.
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18. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp,. Tm01) and wave heights).please specify ?

Resolution up to 1 mm

Accuracy up to 1 cm (depending on measurement range) 2?7

The row data must be analysed by post-processing in order to achieve Tp and TmO01
etc.

In case of a demand the post-processing software can be offered, too. In addition,
service can be offered by General Acoustics.

19. Can the wave measurement instrument(s) accurately measure at a sample
frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

Yes, The sample rate can be increased up to 8 Hz.

20. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmO) of 5-200 cm?

Range: 6000 mm. Resolution: 1 mm
Yes, the measurement system not only fulfils the requirements but exceeds them

21. What is the wave frequency range of the wave measurement instrument(s)?

Regarding the Nyquist theorem the maximum wave frequency may be half the sample
frequency. Wave frequency range = 4 Hz

22. How robust is/are the wave measurement instrument(s) (like how large is the risk
that the instrumeni(s) or its electronics fails or becomes unreliable during a storm)?

The system is extremely reliable, robust and all weather proof. It measured the last
storm tide season 2003-2004 at the Harbour of Hamburg without a breakdown — the
data received are of outstanding quality.

23. Can any measuring or processing errors be expected during asymmetric or
breaking waves? If so. how large are those errors, and what type?

Steep waves can be measured with a rate of 1 : 11. That means that the smallest
roughness of every single wave supports the signal reflection.

In case of especially abruptness a lost of isolated pings might be possible. But a
higher sample rate measurement serves as a kind of redundancy.

24. Is it possible to check the performance and accuracy of the wave measurement
instrument(s) in the field without removing it, and if so how?

Yes. The data header, which can be received by telemetric fransmission together with
the logged data also carries status information, informing about the performance.
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25. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

By using a timing module — which we recommend — working with a high accuracy GPS
(pps, 1 ms accuracy) a time drift won't appear.

In order to calibrate the fluctuation of temperature, air humidity and the changes of air
pressure a sound velocity gauging — done by a special sensor — is taking place to
probe the speed of sound, which depends on these described factors. The results are
permanently calibrating the measurement system.

The main gauging always measures the distance to the water surface. A drift doesn’t
exist for the logged data.

26. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s)?

Within the menu it is possible to determine the averaging value (none, 10s, 30s, 1
min., 5 min., or 10 min.). The data output only gives the averaged mean water level.

In order to measure waves, the averaging value has to switched off. In that case all
data logged are a constant flow of raw data in respect to every single wave. A post-
processing is utterly necessary to obtain the mean water level additionally.

We propose to measure the wind data by using a sophisticated high resolution 2D
ultrasound anemometer, which can be integrated to our station. The data concerning
to the wind direction and speed as well as the air temperature (0.5°C accuracy!) will be
logged within the LOG_al evel station. Together with the wave data the wind
information appear in the header.

27. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

Not necessary

29. Are there any reference customers we could approach for an user interview?

Yes.

Amt fur Strom und Hafenbau Hamburg:
Name: Dipl.-Ing. Strothmann
Phone: 0049 (0) 40 42 84 72 463

30. Is there any other relevant information about the wave measurement
instrument(s) we need to know for finding the best wave measurement instrument(s)
for measurements at the lIJsselmeer and Slotermeer?

None.
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Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the |Jsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: Sonar Research and Development (SRD)
Address: Unit 18

Grovehill Ind Estate

Beverley

Eact Yrarkehire HII17 Ol E | lnited Kinodom
Phone: +44 (0)1482 869559
E-mail: alan.mccloud@srduk.com
Filled in by: Alan McCloud

2. Which wave measurement instrument(s) does your company sell?

Digital Tide Monitor

3. Give a short description of the functions of the(se) wave measurement

instrument(s)?

Although designed as a tide monitor, a wave meter function is to be added within 6

months. Its specification will be designed beyond the requirements as specified by
yourselves

4. What is the brand(s) of the(se) wave measurement instrument(s) (if your company
sells more than three different brands of one instrument, then please list only the three
most suitable for wave measurements on the lJsselmeer or Slotermeer (see
accompanying letter)):

Digital Tide Monitor

5. The wave measurement instrument(s) consists of:

An electronics display/control unit and remote transducer. Because this is an acoustic
system, we strongly advise that the transducer be operated within a tube.

6. Which materials the wave measurement instrument(s) consist of?

The electronics control unit is manufactured from impact resistant Polycarbonate and
sealed to IPB65. The transducer is manufactured from Black Ertalon.
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6. What are the physical specifications of the wave measurement instrument(s)?

Control Unit: 213mm (width) x 185 (height) x 117 (depth)
Transducer w/o ref bar: 165 (dia) x 160mm (height)
Transducer with ref bar: 165 (dia) x 910mm (height)

7. What is the energy use of the wave measurement instrument(s)?

0.3A at 220v AC
0.15A at 12v DC

8. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

Internal battery is only 1.2Ah and can only supply power for 8 hours
12v DC options are available for external battery supply.

9. How sensitive is the wave measurement instrument(s) for damage of storm, ice,
driftwood or vandalism?

We recommend fibreglass/stainless steel marina cabinet installation of the control unit.
The transducer will be mounted on a tube.

10. What is (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

Standard Digital Tide Monitor (up to 12 metres range): £3,500
Mounting tube (MDPE, up to 12 metres in length): £600

11. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

Will be available before February 2005 (earlier if urgently required)

12. What does the output data consist of (e.qg date, wave height, wave direction,

etc)?

Site 1D, date, time, tide height, chart datum and extensive engineering information is
currently transmitted from the tide monitor. The wave meter will be similar but not as
extensive.

The wave meter function will not be able to indicate wave direction.

13. Is it possible to transfer the output data (for example with GSM/Satel transmitters
(9600 Bps)) without interruption of the measurements?

Yes
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14. Does the wave measurement instrument(s) measure continuously (3600sec/h and

24h/day)?

Yes

15. How much output data does the wave measurement instrument(s) produce in one

day (MB)?

To be determined but will be in the region of 8 Mbytes. Data stream can be modified to
suit customer requirements. This may mean more than or less than 8 Mbytes

16. How much output data can be stored by the wave measurement instrument(s)

(MB)?

Currently 128 Kbyte with the tide monitor but this will be expanded for the wave meter.

17. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

None

18. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp.Tm01) and wave heights),please specify ?

TBD

19. Can the wave measurement instrument(s) accurately measure at a sample
frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

Yes

20. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmO) of 5-200 cm?

Resolution is currently one centimetre but capable of one millimetre resolution.
Range is 1.5m to 12m

21. What is the wave frequency range of the wave measurement instrument(s)?
TBD

22. How robust is/are the wave measurement instrument(s) (like how larqge is the risk
that the instrument(s) or its electronics fails or becomes unreliable during a storm) ?

When used within a tube, the transducer is quite robust. The control unit however,
should be placed in a protective marina cabinet (or local building)
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23. Can any measuring or processing errors be expected during asymmelric or
breaking waves? If so, how large are those errors, and what type?

Information unavailable as yet

24. s it possible to check the performance and accuracy of the wave measurement
instrument(s) in the field without removing it, and if so how?

Built in calibration bar has proven over many years that the system never has to be
removed for calibration.

25. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

See 25 (above)

26. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s)?

We can supply our own weather station wind data to process along with tide monitor
data. The data would then be processed in a PC program for user access/data

storage.

27. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

Never. Our systems are maintenance free

29. Are there any reference customers we could approach for an user interview?

We have sold over 300 of these systems around the UK coastline. ABP (Hull) have a
networked chain of our units.

30. Is there any other relevant information about the wave measurement
instrument(s) we need to know for finding the best wave measurement instrument(s)
for measurements at the IJsselmeer and Slotermeer?
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Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the IJsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: Bakker & Co
. Gildenweg 3
Aadess: 3334 KC Zwijndrecht
Phone: 078-6101666
E-mail: Espoelder@bakker-Co.nl
Filled in by: Edwin Spoelder, sales engineer

2. Which wave measurement instrumeni(s) does vour company sell?

De afdeling IME van Baker & Co verkoopt sensoren, systemen en meetoplossingen
op het gebied van klimaat en meteorologie.

Het succes van Bakker & Co is dat wij beschikken over een gericht leverancier pakket
waaruit klantgericht meetoplossingen worden samengesteld en aangeboden.

3. Give a short description of the functions of the(se) wave measurement

instrument(s)?

Voor golfmetingen hebben wij robuuste hoognauwkeurige druksensoren in ons
productenpakket. (0,01% nauwkeurigheid FS en een verwaarloosbaar kleine
hysterese)

De druksensoren zijn een goede basis voor een dergelijk systeem.

4. What is the brand(s) of the(se) wave measurement instrument(s) (if your company
sells more than three different brands of one instrument, then please list only the three
most suitable for wave measurements on the IJsselmeer or Slotermeer (see
accompanying letter)):

Paroscientific ( <http://www.paroscientific.com/> )

5. The wave measurement instrument(s) consists of:

1. Een of enkele hoog nauwkeurige druksensoren
2. Apparatuur voor data acquisitie, distributie en analyse
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6. Which materials the wave measurement instrument(s) consist of?

Paroscientific heeft haar sensoren applicatiespecifiek ingedeeld.
(Zie bijgesloten specificatie)

7. What are the physical specifications of the wave measurement instrument(s)?

De sensor (meetbereik, model, uitgangsignaal etc) wordt klantspecifiek bepaald.
(Zie bijgesloten specificatie)

8. What is the energy use of the wave measurement instrument(s)?

6 tot 25 volt DC, 1,3 mA
(Zie bijgesloten specificatie)

9. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

NVT, Paroscientific is enkel alleen de sensor.

10. How sensitive is the wave measurement instrument(s) for damage of storm, ice,
driftwood or vandalism?

Praktijk heeft uitgewezen dat de sensor zeer robuust is.

11. What is (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

De investering van een enkele Paroscientific sensor begint bij ca € 3.500.

12. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

De sensoren worden klantspecifiek gemaakt. Levertijden zijn in overleg. In de praktijk
is dit ca. 6 weken.

13. What does the output data consist of (e.q date, wave height, wave direction, etc)?

De sensor is beschikbaar met twee verschillende uitgangsignalen:

e Een frequentie uitgangsignaal met een amplitude van 6 volt piek-piek (Deze
frequentie varieert als functie van de gemeten druk)

e Een RS232 of RS485 signaal. Middels een communicatieprotocol worden de
meetgegevens verstuurd.

14. Is it possible to transfer the output data (for example with GSM/Satel transmitters
(9600 Bps)) without interruption of the measurements?

NVT
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15. Does the wave measurement instrument(s) measure continuously (3600sec/h and

24h/day)?

NVT

16. How much output data does the wave measurement instrument(s) produce in one

day (MB)?

N

3

17. How much output data can be stored by the wave measurement instrument(s)
%

E B

18. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

NVT

19. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp. TmO01) and wave heights).please specify ?

NVT

20. Can the wave measurement instrument(s) accurately measure at a sample
frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

Ja, de Paroscientific sensor met een frequentie-spanning als uitgang kan met een
hogere frequentie meten.

21. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmO0) of 5-200 cm?

Ja. Meetbereik van 10 meter waterdruk: Een absolute nauwkeurigheid van < 0,01%
resulteert in een absolute nauwkeurigheid van 1 mm. Een resolutie van 0,0001% in
0,01 mm.

22. What is the wave frequency range of the wave measurement instrument(s)?

NVT

23. How robust is/are the wave measurement instrument(s) (like how large is the risk
that the instrument(s) or its electronics fails or becomes unreliable during a storm)?

Erg robuust. Voorbeeld: De sensor wordt met success toegepast in een Tsunami
detectie systeem. <http://www.paroscientific.com/tsunameter.htm>

Page 3 of 4 “ questionnaire BAKKER &CQO"

Wave measurement instrument MVDB/04453/1309
Final report - 110 - November, 2004



24. Can any measuring or processing errors be expected during asymmetric or
breaking waves? If so, how large are those errors, and what type?

NVT

25. Is it possible to check the performance and accuracy of the wave measurement
instrument(s) in the field without removing it, and if so how?

NVT

26. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

Verwaarloosbaar klein. Het bijgesloten boekje beschrijft deze stabiliteit.

27. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s)?

Voor registratie van de meteogegevens zijn legio oplossingen te verzinnen. Bakker &
Co heeft ruime ervaring hierin met Lambrecht meteo sensoren en systemen.
(www.lambrecht.net )

Voordat wij een voorstel doen willen wij eerst meer weten van de gewenste
toepassing.

28. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

NVT

29. Are there any reference customers we could approach for an user interview?

Ja.

30. Is there any other relevant information about the wave measurement instrument(s)
we need to know for finding the best wave measurement instrument(s) for
measurements at the IJsselmeer and Slotermeer?

De website van Paroscientific heeft diverse praktijkvoorbeelden en
studiebeschrijvingen.

<http://www.paroscientific.com/>
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Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the |Jsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: Datawell b.v.

Address: Zomerluststraat 4
2012 LM Haarlem
the Netherlands

Phone: +31 23 5316053
E-mail: sales@Datawell.nl
Filled in by: Henny Joosten

2. Which wave measurement instrument(s) does your company sell?
1 Waverider SG .

2 Directional Waverider MKIII

3 Directional Waverider GPS

3. Give a short description of the functions of the(se) wave measurement

instrument(s)?

1. Waverider SG: flexible moored buoy, with internal stabilized
platform and accelerometer.

2. Direction Waverider MKIIl  flexible moored buoy, with internal stabilized platform
and accelerometer in combination with horizontal accelerometers and compass. By
measuring the orbital motion of the water particles the wave height and wave direction
are determined.

3. Direction Waverider GPS  flexible moored buoy which measures the wave height

and wave direction by following the orbital motion of the water particles and detecting
this motion via the GPS-system.
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4. What is the brand(s) of the(se) wave measurement instrument(s) (if your company
sells more than three different brands of one instrument, then please list only the three
most suitable for wave measurements on the IJsselmeer or Slotermeer (see
accompanying letter)):

All 3 instrument types are made by Datawell b.v.

5. The wave measurement instrument(s) consists of:

1. Waverider SG:

Stainless steel hull, batteries, vertical reference unit and vertical accelerometer, plus
analogue electronics, digital electronics data-logger GPS receiver HF transmitter LED-
flashlight .

2. Direction Waverider MKIII

Stainless steel hull, batteries, vertical reference unit and vertical accelerometer,
horizontal accelerometer compass, plus analogue electronics, digital electronics data-
logger GPS receiver HF transmitter LED-flashlight, sea water temperature sensor.

3. Direction Waverider GPS
Stainless steel hull, batteries, GPS receiver, digital electronics, data-logger HF
transmitter LED-flashlight, sea water temperature sensor.

6. Which materials the wave measurement instrument(s) consist of?
1. Waverider SG:

2. Direction Waverider MKIII:

3. Direction Waverider GPS :

All buoys are made of stainless steel AlISI 316. Optional the hull can be supplied from
Cunifer-10, which does neither pit nor foul.

7. What are the physical specifications of the wave measurement instrument(s)?

1. Waverider SG:
2. Direction Waverider MKIII:
3. Direction Waverider GPS :

All buoys are spheres with a diameter of 0.7 m, with a 2 m HF-antenna on the hatch

cover. Weight: 100 Kg. Hulls with a diameter of 0.9 with longer lifetime are available
as well.

8. What is the energy use of the wave measurement instrument(s)?

WR SG 0.27 Watt including HF-transmission

DWR MKIH 0.38 Watt including HF-transmission

DWR-G 0.90 Watt including HF-transmission
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9. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

Buoy diameter: 0.7m 0.9m
1. Waverider SG 1.5 year 3 year
2. Direction Waverider MKIII 1.0 year 3 year
3. Direction Waverider GPS 0.7 year 1.7 year

10. How sensitive is the wave measurement instrument(s) for damage of storm, ice.
driftwood or vandalism?

The design is solid and reliable. Waveriders have been in use by Rijkswaterstaat in
the IJsselmeer for many years in the 1970-s and early 1980-s without problems. In
order to confirm the success of the instrument at this location consult the location “Den
Oever” Person to address: Luc Overmars (retired a couple of years ago).

Waverider are in use in Finland and Island for many years without problems.

11. What is (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

1. Waverider SG €11,700
2. Direction Waverider MKIII € 22,500
3. Direction Waverider GPS € 17,200

Prices are for the 0.7 m diameter versions incl. datalogger, HF-transmission, LED-
flashlight, GPS receiver.

12. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

Yes

13. What does the output data consist of (e.q date, wave height, wave direction,

etc)?

Wave data are presented along three lines of approach:

Displacement data: Beside a plot of the heave time series, the heave distribution is
shown (versus Gaussian distribution). A table of statistical moments and correlations
for all displacement signals is presented.

Spectral data: The wave spectrum is plotted as function of either wave frequency or
wave period. The MEM (3D) spectrum is shown as a contour plot or a 3D surface plot.
Tables of buoy parameters and spectral parameters, among which the significant
steepness Ss, the spectral band width parameters , and <, and Goda'’s peakedness
parameter Qp, are presented.

Wave-statistical data: the zero-upcross waves are plotted chronologically or sorted by
height (versus Rayleigh distribution). A contour plot of Wave height vs wave period is
shown. A table of Hmax, H1/10, H1/3, Hav and associated wave periods is presented.
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14. Is it possible to transfer the output data (for example with GSM/Satel transmitters
(9600 Bps)) without interruption of the measurements?

Yes, data transmission options are HF 27 — 40 MHz
GSM

Argos

Orbcomm

15. Does the wave measurement instrument(s) measure continuously (3600sec/h and

24h/day)?
Yes

16. How much output data does the wave measurement instrument(s) produce in one

day (MB)?

The total amount of Data produced is 1.41 Mb per day

17. How much output data can be stored by the wave measurement instrument(s)

(MB)?

Upto 1 Gb

18. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

The Datawell data processing has no critical assumption. The raw data is transmitted
and stored on logger ready for the customer. In this way the customer is able to do his
own conversion.

19. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp.Tm01) and wave heights).please specify ?

1. Waverider SG 0.5% of measured value
2. Direction Waverider MKIIl  heave measurements: 0.5% of measured value
3. Direction Waverider GPS  1-2cm

All (heave) measurements are made with the above accuracy. Based on these
measurements the wave statistics are preformed.

20. Can the wave measurement instrument(s) accurately measure at a sample
frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

1. Waverider SG 10.24 Hz
2. Direction Waverider MKIll  3.84 Hz
3. Direction Waverider GPS 10 Hz
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21. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmQO) of 5-200 cm?

1. Waverider SG resolution 1 cm range -20m +20 m
2. Direction Waverider MKIIl  resolution 1 cm range -20m +20 m
3. Direction Waverider GPS  resolution 1 cm range -50m +50 m

22. What is the wave frequency range of the wave measurement instrument(s)?

1. Waverider SG 1s-30s 1Hz-0.033 Hz
2. Direction Waverider MKIlIl  1.6s-30s 0.6 Hz - 0.033 Hz
3. Direction Waverider GPS 16s—-100s 0.6 Hz-0.01Hz

23. How robust is/are the wave measurement instrument(s) (like how large is the risk
that the instrument(s) or its electronics fails or becomes unreliable during a storm)?

Thousands of these instruments have been sold for the sea marked applied in severe
storms in the southern Atlantic (Argentina) to the storms around Island. No problems!
The GPS buoy (3) however loses contact with the GPS satellites when spray is
washed over the GPS-antenna.

24. Can any measuring or processing errors be expected during asymmetric or
breaking waves? If so, how large are those errors. and what type?

The Directional Waverider SG stops measuring when spilled over by breaking waves.
Within seconds measurements start again when GPS antenna is clear.

For the Waverider SG and the Directional Waverider measurements are not effected.

Please note; Breaking waves are of different types (Spilling, Plunging Collapsing and
Surging). No errors occur with the spilling, collapsing and surging waves. In case of
plunging waves the buoy can not follow the water surface correctly since at a certain
time 3 water/air interfaces are above each other. The Waverider SG/ Directional
Waverider measure the lowest one (correctly!)

Furthermare, note that at extreme conditions (breaking waves, but even with some
serious white capping of the waves) The definition of “the” water level is not straight
forward. Going upwards the sea water is first more and more filled with air bubbles,
slowly changing in air which is filled with spray and foam. The effective water level is
not easily detected by means of remote-sensing; however a floating buoy by definition
has the correct effective water level.

25. Is it possible to check the performance and accuracy of the wave measurement
instrument(s) in the field without removing it, and if so how?

Checking the motion with the crane on the deck of a ship with a handheld receiver is
straight forward.
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26. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

Calibration is recommended every 3 to 6 year
Drift is from 0.5 % gain error to 2% gain error of measured value.

27. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s)?

We recommend the average water level to be measured with Radac (www.radac.nl)
equipment, based on radar technology. The RM Young anemometer is regarded as a
standard in harsh environment.

28. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

No cleaning is needed.

29. Are there any reference customers we could approach for an user interview?

RIKZ Den Haag,

Theo Sijben T.G.M.Sijben@rikz.rws.minvenw.nl
Martijn Andernach M.Andernach@rikz.rws.minvenw.nl
30. Is there any other relevant information about the wave measurement

instrument(s) we need to know for finding the best wave measurement instrument(s)
for measurements at the IJsselmeer and Slotermeer?

The requirement of measuring waves up to 0.7 s requires some attention. The
wavelength (A=gT?/(2r)) is 0.7 m. In order to measure this wave correctly the sensitive
part of the instrument (diameter of the buoy/footprint of the radar/sonar) should be far
less then A. For a buoy, or in general for sensors which can survive in harsh conditions
and measure up to 5 m wave height this is a serious challenge.

What could be done is using a very small buoy to study high frequency waves, and
use a large buoy for the storm conditions. (Datawell’s 40 cm diameter DWR-GPS
buoy can measure waves up to 1 Hz.)

Transmission range of the HF_transmitter is specified 50 Km in seawater. In fresh
water this reduces to approximately 20 Km.

On the other side of the afsluitdijk, at the wadden zee at e.g. Dove balg 90 cm
Waveriders and Directional Waveriders are and will be used by RIKZ.

In general we recommend RIZA to cooperate with RIKZ for measuring waves. RIKZ
has decades of experience with Waveriders, and other wave sensors (ADCP of RDI
and Stappen baak of Etrometa), and has, just like Datawell, in-door test facilities,
storage of consumables and spare part. Furthemore a lot of experience in handling of
this equipment.
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Questionnaire with regard to wave
measurement instruments

All the questions listed below refer to the wave measurement instruments which are
suitable for measurements at the lJsselmeer and Slotermeer (see accompanying
letter). So if your company sells more then one wave measurement instrument
suitable for these measurements please answer all the questions for each wave
measurement instrument.

1. Company specifications:

Company name: Etrometa B.V.
Address: Kerkewal 49
8401 CH Gorredijk
Phone: 0513 463435 ﬁ
E-mail: jbleenhouts@etrometa.demon.nl
Filled in by: John B. Leenhouts

2. Which wave measurement instrument(s) does your company sell?

Stepgauge.

3. Give a short description of the functions of the(se) wave measurement

instrument(s)?

Measuring instantaneous waterlevel, resulting in both waterlevel and wave height.

4. What is the brand(s) of the(se) wave measurement instrument(s) (if your company
sells more than three different brands of one instrument, then please list only the three
most suitable for wave measurements on the lJsselmeer or Slotermeer (see

accompanying letter)):

Etrometa stepgauge.
5. The wave measurement instrumeni(s) consists of:

1 Stepgauge electronics unit, SGE, E 50000
Options to the SGE; - Tide calculation, E 50021

- Analog output, E 50140
- Calculation of Wind-direction, -velocity and -gust, E 50580
- Wind sensors for direction and velocity.

1 Stepgauge Head with cable, E 46450

n Modular stepgauge sections E 46300

1 Mechanical installation packet, in accordance with the number n, (optional)

1 Software WTPRS or WTWIS (optional)
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6. Which materials the wave measurement instrument(s) consist of?

The stepgauge sections and gauge head: Watertight PVC-inner tube
covered with fiberglass reinforced polyester.
SGE: Polyester box 1P65.

7. What are the physical specifications of the wave measurement instrument(s)?

See enclosed manual "STEPGAUGE FOR WAVE AND TIDE MEASUREMENT
facultative with wind option E 46400 BL.55E, 9906"

8. What is the energy use of the wave measurement instrument(s)?

SGE + Gaugehead: 65 mW.
Stepgauge sections are powered by built-in battery for life time (10 years)

9. How many days can the wave measurement instrument(s) measure non-stop with
internal batteries and memory (so if autonomously)?

The SGE has no internal batteries. The SGE basically has no memory but is prepared
to accommodate options. Options will be made in accordance with customer
requirements. Already available options are specified under 5.

10. How sensitive is the wave measurement instrument(s) for damage of storm. ice,
driftwood or vandalism?

The construction of the instrument as such is very robust so it is very insensitive to
external dangers. Above that the mechanical installation packet gives the instrument,
provided it is adequately installed, protection against collisions with service vessels,
yachts, wreckage etc.

11. What is (are) the price(s) of the wave measurement instrument(s) (include the
technical specifications)?

See enclosed price list "PRICE LIST WAVE & TIDE STEPGAUGE E 46400",
2004.

12. Is the wave measurement instrument(s) available for trails/purchase in the short
term?

Yes.

13. What does the output data consist of (e.q date, wave height. wave direction, etc)?

See figure 4 of the manual.

14. Is it possible to transfer the output data (for example with GSM/Satel transmitters

(9600 Bps)) without interruption of the measurements?
Yes.
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15. Does the wave measurement instrument(s) measure continuously (3600sec/h and

24h/day)?

Yes.

16. How much output data does the wave measurement instrument(s) produce in one

day (MB)?

With a sampling rate of 2,56 Hz this will amount 1,77 Mb, in case it's not time labeled.
It will be roughly the double with time labeling.

17. How much output data can be stored by the wave measurement instrument(s)

(MB)?

To be defined in accordance with customers requirements. Mind that, in case of
temporarily off-line operation, real-time labeling of measured samples will be
necessary. This can be performed in the option as well.

18. Please specify any critical assumptions and conversions to evaluate the waves
from raw signal which may effect the accuracy of the end results?

Right from the foremost physical contact with the water surface the measuring
immediately takes place digital. There are no signal conversions at all. Further there
is no cumulative error like a percentage of an end of scale, because the instrument
actually consists of discrete sensing elements every 5 cm over its whole range.
Finally there are several error checks in the sensor as well as in the data processing.
1. Error checks in the sensor:

1.1. Distinction is made between "green water" and splash water in wave crests.

1.2. Should one individual. electrode fail this only affects one reading sample when the
water level is precisely the level of that electrode. In other words the missing of an
electrode is neither cumulating (positive or negative) nor repeating in the readings of
other electrodes.

2. For error checks in the software, see the enclosed document: Note 0223.

19. What is the accuracy of the wave measurement instrument(s) (wave periods (e.q
Tp,. Tm01) and wave heights).please specify ?

On the level of sampling the resolution of the measurement of the instantaneous
waterlevel is + 2,5 cm.

20. Can the wave measurement instrument(s) accurately measure at a sample
frequency of 4 Hz? If not is it possible to adjust the instrument(s) to such a frequency?

4 Hz: is standard available.
Adjustability: The sampling(rate) can be triggered from the data collection system up
to a maximum of 10 Hz.
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21. What are the resolution and range (cm) of the wave measurement instrument(s)
and do they fit into the requirements of a resolution (raw signal) which does not
exceed 5 cm and a range (HmQ) of 5-200 cm?

The resolution of each individual sample is + 2,5 cm. This is independent from the
range of the instrument, so it fits the requirements.

22. What is the wave frequency range of the wave measurement instrument(s)?

Concerning the sensor:

We make the assumption that one full wavecycle of the shortest waves can be
adequately captured by 4 measuring samples. In case of a sampling rate of 2.56 Hz
this results in a minimum period time of 1,5625 sec hence in a maximum wave
frequency of 0,64 Hz. The minimum measurable wave frequency is 0 Hz.
Concerning the wave data processing software WTPRS:

The range of the presentation runs from 0,5 Hz to 0,03 Hz.

23. How robust is/are the wave measurement instrument(s) (like how large is the risk
that the instrument(s) or its electronics fails or becomes unreliable during a storm)?

The stepgauge is an extremely robust sensor with a proven long term stability.

24. Can any measuring or processing errors be expected during asymmetric or
breaking waves? If so, how large are those errors, and what type?

See answers to question nr. 18..

25. Is it possible to check the performance and accuracy of the wave measurement
instrument(s) in the field without removing it, and if so how?

Yes.You can simly monitor the actual waterlevel by human reading and compare it
with reading on the display of the instrument. The part of the sections of the instrument
above the actual waterlevel can easily simulated being under water, the instruments
display shows than the simulated waterlevel. Unskilled people can do this work.

26. How large is the expected drift in the calibration after a given period of time, and
after how much time would a re-calibration be needed?

There is principally no drift in the instrument. The instrument does't require re-
calibration at all. Care has to be taken to the stability of the instrument's suspension as
well as to subsidence with regard to the bearing construction.

27. What approach would you suggest to obtain mean water level data and wind data
in order to interpret the wave data obtained with your instrument(s) ?

For waterlevel determination there are two possibilities available.
1) A standard "tide-option"” can be plugged-in into the SGE and provides averages
over, either 10 seconds or 60 seconds.
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2) The data processing system WTPRS provides besides wave data processing, tide
data as well.

Concerning wind data there is a standard "wind-option" for the SGE available
complete with wind data processing. The addition of wind data processing turns
WTPRS into WTWIS.

28. After how many days should the wave measurement instrument(s) be cleaned in
order to function properly and keep measuring accurately?

In common seawater one cleaning in the springtime of each year is sufficent. Cleaning
can be done with a brush on a stick from just above the water level. Experiences with
fresh water applications are not ready available. They can be investigated if desired.
Mind there are just e few available. (Rivers Scheldt and Loire) Re-painting the
stepgauge sections anti fouling paint: once every 3 years. Sections to be re-painted
can be simply exchanged by spare ones thanks the mechanical installation packet.
The latter also grants maintaining of the elevation of exchanged sections because the
mechanicai installation packet contains a fixed and stable footsupport to which the
bottom end of the lowest section is catched. So there will not appear any step in data
series after exchanging sections

29 Are there any reference customers we could approach for an user interview?

Yes, The governments of The Netherlands, Belgium and the United Kingdom.

30.Is there any other relevant information about the wave measurement instrument(s)
we need to know for finding the best wave measurement instrument(s) for
measurements at the IJsselmeer and Slotermeer?

In general a determining feature for high reliability, low maintenance demanding and
long lasting off-shore instrumentation is low power consumption. Besides this
feature even is of great positive influence to the infra structure costs of off-shore
stations.
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APPENDIX E

INTERVIEWS

Name: Bas Blok
Company: WL-Delft
Hydraulics

Phone: +31(0)152858585
Mail: Bas.blok@wldelft.nl
Date: 31 August 2004

Subject: Shallow water wave measurement systems.

Bas Blok is the successor of Jan van de Bunt and is chief of
the “meetdienst” of WL-Delft Hydraulics. In the past (1989-
1990) the software, written by Bas Blok, is used on behalf of
the wave measurements with regard to the Datawell wave
buoy.

Bas Block’ s opinion:

“The Vlissingen stepgauge” delivered by DCI, Zeeland
Etrometa has probably a 2 cm stepgauge also (beside 5 cm).
The laser looks like a wave measurement instrument which will
function well for these specific measurements, but this
instrument has probably problems in situations with rain or fog.
He did not have any other suggestions to measure high
frequency waves at shallow water in addition to the
capacitance probe, the step gauge and the pressure sensors.

Name: Van Doorn
Company: RWS,RIKZ
Phone: +31(0)703114606
Mail:
jhm.vdoorn@rikz.rws.minve
nw.nl

Date: 31 August 2004

Subject: Measurements at the platform “Noordwiik” on behalf
of the WACSIS project.

Mr van Doorn was already informed about our project by J.
Strake. He was very surprised that this project was not solved
internally but boarded out.

His remarks about the wave measurement systems used at the
WACSIS experiment were:

e “The Vlissingen step gauge” was the first one,
succeeded by “The Marine 300" (this gauge is actually
the same as the Vlissingen step gauge only this gauge
consists of different parts). Subsequently Etrometa has
developed a better design of this kind of step gauge.
The production of the first two step gauges (Vlissingen
and Marine 300) has stopped.

e The EMI Laser was produced by the company “EMI“
(LP, records). This company does not exist any more
and the successor is unknown.

The Baylor wave staff is not known by Mr van Doorn.
The Saab radar is still on the market only the producer
is changed to “WS ocean systems”. His experience
with the Saab Radar is not undivided positive. A lot of
reflection (dispersive) of the signal occurs at rough
weather resulting in a unclear receiving signal. This
instrument has a preferential value for the flanks of the
waves (beamwidth).

» He expects this problem with The RADAC system as
well. He suggests contacting Jos Kokke in order to get
more information about the radar measurement
technique (mapping also).
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e The Marex Radar is probably not available any more
(outdated).

» He suggested contacting Rinus Schoevers and IMAU
for information about the ADCP systems.

Name: Evert Bouws
Company: KNMI

Phone: +31(0)302206888
Mail:

bouws@knmi.nl

Date: 6 september 2004

Subject: Wave measurements at the Dutch lake Markermeer

Evert Bouws has performed wave measurements at the Dutch
lake Markermeer near by Lelystad (1983-1984) (see
memorandum 1986, provisional results of a wind wave
experiment in a shallow lake).

This experiment is almost the only experience of him with wav,
measurements. During the wave measurements at the Dutch
lake Markermeer throughout the winter, a capacitance probe
was used for the wave measurements. These measurements
were calibrated with a Datawell waverider.

Mr Bouws has no direct involvement with wave measurements
any more. He subscribes the importance of continuously wave
measurement at shallow water.

Mr. Bouws himself has no experience with wave
measurements where a laser is used, but from combined
activities with various researchers in COST-connection, he
noticed that a laser can be a wave measurement instrument
which can function very well for wave height measurements
and especially for measurement of very short waves (because
of the small footprint). He thinks that several disadvantages
can be found also by using a laser and he advised to contact
dr. Harald Krogstad (Trontheim). Mr Krogstad
(harald.krogstad@math.ntnu.no) has written about the laser as
a wave height measurement and probably has some
documentation about this.

Jos Kokke
Company: RIKZ (RWS)
Phone: +31(0)703114515

Mail:j.m.m.kokke@rikz.rws.

minvenw.nl
Date: 6 September 2004

Subject: Radar level and Radar "mapping” as a measurement
technique

As a result of the conversation with Mr. Van Doorn we have
contacted Jos Kokke again in order to get more information
about experience with Radar level and Radar “mapping”
equipment.

Measurements at the North Sea are carried with the Saab
Radar (at least ten years). Mr Kokke advised to contact
Herman Peters who is working at the Directorate North Sea
and he has a lot of experience with this instrument and also
with the laser as a wave measurement instrument (070-
3666666). Soon a report will be published written by Jos
Kokke. This report describes laboratory tests also.

Radar wave mapping
FEL/TNO is working on a field experiment of measurements b
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means of a shipradar measuring the wave height and direction.
At the end of 2004 a report of this experiment will be published.

Jur Vogelzang (AGI) has written a report about Radar
“mapping” of the wave measurements at Petten (MD-GAR-
2001-14).

Name: Harald Krogstad
Company: Scientific advisor
Mail:
harald.krogstad@math.ntnu.

no

Svasek:

We (Svasek Hydraulics) are currently working on a project for
the Dutch Ministry of Public Works to investigate shallow water
wave measuring equipment. One of the requirements is that
the system should be able to measure short waves (as from
0.75 m in wave length) with short wave periods (as from +/- .7
seconds). A relative small footprint is required. One of the
options is to measure the water level from above using a laser.
We are looking for a laser based, downward looking, water
level monitoring system which is able to measure water level at
4 Hz interval. The system should be used to measure waves
and water levels. From a pile(approximately 3 m above still
water). We are interested if such a system is feasible also in
respect of rainfall, spray and other weather related effects.

Reaction:

The short answer to your question is the Optec Range finder
Laser which is currently also in use at the Ekofisk field in the
North Sea (http://www.optech.on.ca/).

There used also to be European equivalents produced by
Thorn/EMI, but | do not know the present status of their
product. The Thorn/EMI laser worked very well from the
Meetpost Noordwijk platform during the WACSIS experiment
(see attachment).

Finally, Tom Van der Viugt has developed a radar-based
instrument that could be interesting (http://www.radac.nl/).

No problem with the Optec laser at least. At Ekofisk the
sampling is 5Hz and the distance to the surface is about 20m.
The footprint of laser is of the order of cm-s.

Svasek:
We are interested if such a system is feasible also in respect of
rainfall, spray and other weather related effects?

Reaction:

That is a bit more uncertain. We do have frequent occasional
data drops, and | have no experience how much better this will
be for shorter ranges, probably not a major problem.
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The measuring principle is, however, that 80 pulses are
sampled at 2000Hz and the final data value is an average of
those (the good ones).

My immediate guess is that the Optec laser would work fine fc
you, but | have not been involved in the set up and the data
aquisition system and how much work is needed for that.

Hope this may be of some help to you
Yours Harald Krogstad

Name: Herman Peters
Company: North Sea
Directorate (RWS)

Phone: +31(0)703366666
Mail:
h.c.peters@dnz.rws.minven
w.nl

As a result of the telephone conversation with Mr. Kokke we
have contacted Herman Peters. Herman Peters has a lot of
experience with Radar level measurements.

He refers to the report on RADAC measurements written by J
Kokke. He advised to take the Radar level measurement
instrument of Endress Hausser into consideration.

His knowledge and experience of the wave measurements wit
a laser in relation with the Radar level measurement
instruments can be found in the following e-mail from H. Peter:
and J. Kokke:

Hai Jos,
uit mijn hoofd zeggend (ik herinner me nog een EMI laser op de
meetpost noordwijk) een tweetal aspecten:

1) relatief sterke potentieel negatieve invioed (signaal verlies doo
absorptie en verstrooiing) van de tussenliggende luchtweg door
bijvoorbeeld mist, waterdamp, sneeuw, regen, opspattend water
etc. Voor een laser met een golflengte van een paar honderd
nanometer is die invioed veel sterker dan voor een mikrogolfrada
met een golflengte van enkele cm's (scheelt in golflengte een
factor 100.000 of zo). Dit aspect zorgt, met name voor een
buitenopstelling in soms ruw weer, voor een slechtere
betrouwbaarheid (door uitvall) en nauwkeurigheid (variatie van de
lichtsnelheid) van de hoogtemeting. Je merkt al dat de
hoogfrequentere radars boven 10 GHz onrustiger zijn dan de
laagfrequentere radars met een frequentie van pakweg enkele
GHz.

2) de bundelbreedte is vaak veel kleiner dan bij een
mikrogolfradar. Dat is gedeeltelijk een voordeel, want je kan er
beter de kortere watergolven (zelfs de korte capillaire golfjes!)
mee meten, maar het maakt golfmetingen door de kleine belichte
vlek ook erg onrustig. VVoor waterstanden op buitenwater is het
dus eigenlijk zeer ongunstig, want het signaal is daardoor van
nature door het gebrek aan middeling erg instabiel.

3) het licht reflecteert niet volledig aan het wateropperviak, want
is (afhankelijk van de golflengte) ook nog een aanzienlijke

Wave measurement instrument
Final report

MVDB/04453/1309
-126 - November, 2004



SVASEK

AR

transmissie in het water. Dat maakt de echo van het
wateropperviak minder goed detecteerbaar. Bijf
mikrogolffrequenties is de overgang lucht/water zo extreem dat
nagenoeg volledige reflectie optreedt.

4) voor intense, coherente laserstraling (met name in het zichtbare
venster) is het menselijk oog erg gevoelig en er worden bepaalde
normen voor de maximale stralingsintensiteit gesteld. Dat beperkt
wellicht deels (weet ik niet zeker...) de praktische inzetbaarheid. Ik
herinner me in ieder geval dat dit aspect belangrijk was bij de
toepasbaarheid van airborne laser bathymetry boven open water,
want iemand zou op zee per ongeluk in de laserbundel kunnen
kijken en oogbeschadiging op kunnen lopen.

Samenvattend zou je kunnen zeggen dat de laser een uitstekend
precisie instrument is (met in potentie een zeer hoge resolutie en
nauwkeurigheid) voor gebruik in een laboratorium of buiten onder
perfecte weersomstandigheden aan stilstaande waterspiegels en
onder begeleiding van een goed opgeleide technicus. Maar voor
langdurige autonome buitenmetingen zonder enig menselijk
toezicht is het voor waterstandsmetingen eigenlijk ongeschikt.
Jos, kun je hier iets mee? ik had net een telefoontje van iemand
bij bureau Svasek (geinteresseerd in radars en lasers voor
golfmetingen op ondiep water) en stuur hem een CC 'tje om hemn
ook te informeren.

Groeten,

Herman.

Name:Jur Vogelzang
Company: RWS, AGI

Phone: +31(0)152757575,
Mail:
j.vogelzang@agi.rws.minvenw.

nl
Date: 9 September 2004

Mr. Vogelzang (AGI RWS) is involved with an experiment
where a radar system (WAMOS) was used for wave
measurements performed at Petten in the Netherlands. These
measurements are compared with the DIWAR measurements,
His conclusion was that the radar system was a good and
reliable especially at extreme circumstances (11BF).

At the |Jsselmeer a test is performed and WAMOS expected
that storm conditions could be measured very well. However
the wave lengths have to be bigger in comparison with the
radar resolution. Mr. Vogelzang expects big problems if you
want to measure the wave growth.

Name: Remco Kleine
Company: RDIJ (RWS)
Phone: +31(0)320264242
Mail:
R.Kleine@rdij.rws.minvenw.nl
Date: 11 September 2004

Subject: The present measurements at the Dutch lake
|Jsselmeer and Slotermeer

Remco Kleine is a staff member of the instrumentation of the
wave measurements at the |Jsselmeer and Slotermeer.

He has only experience with the capacitance probe and the
stepgauges. The experience about the capacitance probe is
described in the reports of “the Wave measurements at the
Dutch IJsselmeer and Slotermeer lakes” so we have discussed
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about the stepgauge only. The disadvantages of the
stepgauges in his opinion were the following:

» Sticks to the sensor

Because of marine growth at the step gauge it often happened
that one sensor was covered with a marine string which
resulted in a registration of the sensor as a wet sensor in spite
of a lower water level.

s Discrete instrument

This instrument has sensors at an equal distance of each other
(discrete) therefore the instrument could not measure between
the sensors

e Electronics

This was the biggest problem with this instrument. It was very
sensitive to failure because of the many convention strokes.
The conclusion of the conversation was that the step gauge
probably would not be a suitable instrument for the
measurements. He had non additional suggestions about our
instrument selection.

Name: B.G. Ruessink
Company: IMAU

Phone: +31(0)302532405
Mail:
g.ruessink@geog.uu.nl
Date: 17 September 2004

Subject: Pressure based wave measurements

The interview with Mr. Ruessink was related to the report that
IMAU recently wrote for RIKZ. The title of this report was
Directional wave spectra from ADCP's.

IMAU is using pressure sensors for wave measurements in the
coastal waters. To the opinion of Mr. Ruessink, these pressure
gauges are not a good option for the short waves at the
IJsselmeer. The position should be to close to the water
surface which is probably not feasible. The RDI wave gauges
are probably also not capable of measuring short waves. He
suggested laser measurements or staffgauges. The contact
person to approach in respect of laser measurements was Mr.
Ap van Dongeren from WL- Delft.

Name: A. van Dongeren
Company: WL Delft
Hydraulics

Phone: +31(0)152858585
Mail:
Ap.vanDongeren@wldelft.nl

Date: 17 September 2004

Subject: Laser based wave measurements

Related to the telephone conversation with Mr. G. Ruessink.
Mr. Ruessink advised to call Ap van Dongeren because he
would be related to laser based wave measurements. Mr. van
Dongeren explained that his experiences were related to
laboratory scale wave measurements in which laser was
combined with video to record wave heights. He did not have
experience on shallow water measurements. And considers
the Video-Laser option as not usable.
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Name: E. Cornelissen
Company:

Meetdienst Directie Zeeland
(RWS)

Phone: +31(0)118686469
Mail:
e.w.f.cornelissen@dzl.rws.min

Subject: Advice about our preliminary selection

After explaining our project including the objective and the
preliminarily results he did not have other suggestions about
the wave measurement instruments. He only had some
remarks about three instruments he worked with.

- The pressure sensor: They did not use this measurement

venw.nl
Date: 20 September 2004

instrument because it depends a lot on the water column
above the pressure sensor.
- The buoy: The buoy has proven itself over the years

- Step gauge: is reliable

Name: A. Verhagen
Company: LogicaCMG
Phone: +31(0)703029302
Mail:
louis.verhagen@logicalcmg.co

m
Date: 29 September 2004

Subject: Lake George experiment

Dr Louis Verhagen (LogicaCMG) was approached related to
his extensive measurement knowledge on shallow water
waves. His doctoral thesis was titled "Growth of Wind Waves in
Finite Water depth”. His thesis work is based on a 3 year
measurement program conducted on Lake George, Australia.
Lake George is a lake width the approximate dimensions of 24
km long, 12 km width and 2 m deep. In Lake George 8 wave
gauges were set up to measure differential wave growth. His
main findings in regards to the instrument selection and
measurement program in Lake |Jsselmeer and Slotermeer are:

e The Zwarts Wave Pole has been a very reliable, relatively
cheap instrument, which has proven to function nearly
continuously during the 3 year measurement program. The
choice for the Zwarts Pole was among others related to the
excellent behaviour of measuring high frequency waves
(sampling rate 8 Hz). The poles use the dielectrical
properties of the inner and outer pole to determine the
water height. Marine growth was a minor problem and did
not affect the measurement principle. It could however
close the holes through which water was supposed to enter
freely. The instruments were cleaned once per 6 month's.
Most probably, marine growth could have been prevented,
using an antifouling paint. This system had a nearly perfect
linear response on water level fluctuations. Re-calibration
showed no change in performance during the
measurement period.

+ He considers the capacitance staff gauge as a good
“laboratory” tool. However due to sensitivity for marine
growth and their limited robustness the instrument requires
much maintenance and re-calibration to be considered for
a long term unattended field operations.

» The RIZA wave measurement program requires in respect
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of the measurement for differential wave growth studies a
modified set-up. The present measurement locations are
near the boundary of Lake IJsselmeer. In this respect the
measurements are to be considered as stand alone
measurements. This is fine if RIZA only wants wave
measurements at those specific sites for e.g. the validatior
of a numerical model of the IJsselmeer. In the Lake Georg
set up, the development of the wave field could be
addressed since the wave field passes along an array of
instruments. To Dr. Verhagen's opinion, depending on the
results which are required by RIZA, measurement
locations could be discussed and the most suitable
locations can be defined

If one of the main purposes of the measurement program i
the validation of wave models in general, then it would be
recommendable to have scientific participation (Delft
University) in the project as well.

Due to the rapid advancement of the technology and
instruments the last decade, it would be well worthwhile
(time and budget permitting) to consider a trial with two or
three instruments in one site. This can be justified in costs
considering the large scale deployment in the IJsselmeer. |
would also help with getting to know the limitations of the
instruments. There is no substitute for field testing of the
instruments.

Name: Dr. H.D. Niemeyer
Instituut: Niedersachsisches
Landesamt fiir Okologie
(Forschungsstelle Kiiste)
Phone: +49(0)4932916141
Mail:

hanz-
dieter.niemever@nloe.nieders
achsen.de

Date: 7 October 2004

Dr. H.D. Niemeyer had some remarks with respect to our
study:

He advised not to use the pressure sensors because of the
presence of sharp waves.

Nice experience with the radar gauge (see report of Joska
Andorka Gal, RWS/RIKZ)

He has also good experience with the wire gauges (they
were very reliable), only fouling was one of the problems
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APPENDIX F SPECIFICATIONS WAVE MEASUREMENT INSTRUMENTS

e Stepgauge (Etrometa) 133
o Staffgauge (Endress & Hausser) 139
e Waverider SG (Datawell) 162
o Directional Waverider SG (Datawell) 154
» Directional waverider MKII (Datawell) 156
o Directional waverider GPS (Datawell) 158
e Mini wave rider GPS (Datawell) 160
e Pressure sensor (Bakker & Co) : ' ' 163
e Workhorse Waves Array (Aqua vision) 171
e  AWAC (Qmetrix) 179
e Aquadopp (Qmetrix) 183
« Directional WaveGuide (Radac) 187
e SM 050 MKl (Miros) 195
e \Wave & Current Radar (Miros) 201
e Wavex (Miros) 205
e Log_alevel (General Acoustics) 207
» Midas WTR (Valeport) 211
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STEPGAUGE (ETROMETA)
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SPECIFICATIONS STEPGAUGE (ETROMETA)

............................................

Stepgauge section

Housing/Material
Dimensions

Weight of 3 m section
Number of electrodes

Distance between

Distance between
Max. number of sections

: Square PVC profile coated with reinforced
glassfibre. Electrodes are of manganese bronze.
: Profile 86 x 86 mm, length L = 3 m minus 5 mm for
spacing between the sections.

: Circa 16 kg, section floats in water due to an up-
ward force of ca 23 kg.

:60 + 2 earth electrodes.

:DH =50 mm, heart to heart. Information about
alternative electrodes electrode distances is
provided on request.

:Nominal 5 mm, max. 10 mm. sections

: 7 for one gauge

Relation sampling rate/ distance between electrodes/range :

Switching point wet/dry :

Electronics

Data transmission

Temperature range

DH =50 mm(L=3m)
Sampling Number of Range
sections (max.)
2 X per sec. T 21Tm
2,56 x per sec. 3 15 m
4 x per sec. 3 9m

Other, special combinations of sampling rates and
thereby possible maximum number of gauge
sections are provided on request.

Lies standard at ca. 6 g NaCl/l, is adjustable at produc-
tion (is not alterable after production).

Internal, powered with Li batteries (life expectancy ca.
15 years, sufficient for total lifetime of stepgauge secti-
on) Note: p.c. board and batteries are not attainable.
Bidirectional, serial by inductive transducers at the top
and base of each section.

Operating - 20 °C to + 60 °C.
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Gaugehead and cable
Mounting

Material

Dimensions

Weight

Distance between
gaugehead and
section
Electronics

Data transmission
Temperature range

Electronics unit

Housing

Material
Dimensions
Weight

Output signal:

- Format

- Code
Sample rate ')

Baud rate )

Signal )

On top of the uppermost section of a stack of step- gauge
sections.

Head, identical to gauge section.

Cable with a screen, 4 x 0.5 mmO cores with
polyurethane cover.

Head 86 x 86 x 80 mm, cable length standard ca. 10 m.
(longer cable on request, max. 50 m.)

Ca. 1 kg.

Nominal 0 mm, max. 10 mm.

A small p.c. board is encapsulated in the head,
by the electronics unit.

See stepgauge section.

Operating - 20 0C to + 60 JC.

powered

According to IP 65, an outer housing or room (unconditi-
oned) for protection against weather influences is
recommended.

Aluminium (AlISi12) sealed / colour: grey - RAL 7001

W x hxd=160 x 260 x 100 mm.

Ca. 3.7 kg.

See figure 3.

ASCII _
Internal, 2, 2.56 or 4 samples per sec.
External, via sync input (see below)
300 Bd (not allowed at 4 samples per sec.)
600 Bd

1200 Bd

2400 Bd

4800 Bd

9600 Bd

RS 232C / RS422 or FSK

FSK: CCITT V23

600 baud 1300, 1700 Hz

1200 baud 1300, 2100 Hz

1

Jumper selectable on print.
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- Connector

Sync input %

Power supply:
- Voltage

- Power consumption :

- Connector

Display

Normal/Service switch
Wave/Tide switch

Data transmission to
stepgauge sections

Relative humidity
Temperature range

"Tide" option

output via tranformer, 600 Ohm, level -6 dBm
OUT, Binder type 09.0232.00.04 4p female
1-0VorFSK

2 - RS 232C / RS422 signal or FSK.

: An extra input offers the possibility of external control of the

sample rate.

Specifications isolated by the use of an opto coupler.
Input: TTL levels, "1" max. 0.5 mA

"0" 0 mA

Connections: on PWR connector

3 - sync.

4 -0V (sync.)

+8V ... +18V
typ. 65 mW (12V), 90 mW with loaded
RS 232C / RS422 output
PWR Binder type 09.0231.00.04 4p male
1-0V
2-+8V ... +18V.
4 digits LCD showing the instantaneous water level in cm
referred to a plane 25 mm (1/2 DH) below the  lowest
electrode of the lowest section.
Useful for checking purposes.
Provides the output signal with a status indication concer-
ning the relevance of the measurement data.
Has no significance without the "tide" option.

Bidirectional, serial to gauge head via SG connector.
Binder type 09.0236.00.07 7p female.

0% ... 100%.

-20°Cto + 60 °C.

For this option a second printed circuit board is placed in the gauge's electronic unit
where a space has been reserved. With the standard unit the wiring is also provided
for this option. The average water level is calculated with this printed circuit board over
a period of 60 sec. The number of measured values used to determine the average is
determined by the sample rate. Every 60 sec. the result is given through the OUT

connector.

Specifications:

*Jumper selectable on print.
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LH \ULICS
- Format . seefigure 4.
- Code, baudrate, signal : as with 2.3
- Output : OUT connector (see 2.3)
3-0OVorFsK
4 - RS 232C / RS422 or FSK.
- Power supply . as with 2.3, consumption:

ca. 110 mW total, RS 232C / RS422 outputs unloaded.
ca. 160 mW both RS 232C / RS422 outputs loaded.

- Display : depending on the position of the wave/tide switch the
display indicates the instantaneous water level or average
water level respectively.

"Analog output" option

For this option a second printed circuit board is placed in the gauge's electronic

unit where a space has been reserved. With the standard unit the wiring is also
provided for this option. The measured instantaneous water level is convertered to an
analog signal. This signal is present on the OUT connector.

Specifications:
-Output : OUT connector (see 2.3)
3- OV
4- standard
0 ... +5V correspondending with resp. bottomside gauge en
upperside gauge.
other available ranges are;
0..+1V
1 I
4 ...20 mA
inaccuracy due to:
- not lineairity of the DAC
- temperature -20..+60¥C max. £ 1%o
- power +10 ... +18V
-Power supply : - +10... +18V ( different from 2.3)
- consumption ca 175 mW, unloaded.
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. Level Probes
multicap DC 11/16/21/26 AN
multicap DC 11/16/21/26 AS

Fully and partially insulated rod and rope probes
for capacitive level measurement

and limit detection

(North American certificates)

Application

Multicap probes are desianed for
continuous level measuregmnant and limit
detection, primarily in liquids. The DC 11
and DC 16 rod probes are also suitable
for use in light bulk sclids.

The probe red or probe repe and
insulation are made of
corrosion-rasistant matarials abla to
withstand extremely aggrassive
products. The tried-and-tested rugged
construction is gas-nght for pressure
from vacuum to 1450 psi. Seal and
insulation materials enable prabes to be
used at operating temperatures in the
vessel of -110°F to +390°F

Features and Benefits

Certificates from many North American
approval authorities

= the probes have universal use

Versions for a wide range of applications
= ideally adapted to your application at
a cost effectiva price

Screened against condensation in the

nozzle

= reliable function even with
condensation

Active build-up compensation for limit

detection

= sleady and accurate switchpoint even
with heavy contamination on the
probe, no cleaning or recalibration

Endress +Hauser

The Power of Know How r
/A
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Measuring System L\

Left: Limit dst=ction waith
separate Nivotestsr
switchirg unit r i @ Ec17Z

Silcmeater
FMC ...

Right: Level maasurs-
ment with separata
Sikomstar ransmitier

FET 14
Left: Compact vt ) Ot
switch with relay o + FEC 12

transistor cutput

Right: Compact level
maasurament systam
with standard 4...30 ma
cuttent cutput and
supanmposed
communications sianal,
FEC 12:"Smart akitronic
insart” which allows
rematas calbration eusr
twowirs cabling

(HART protooct)

FEC 14: Cammunication
and comipissiening with
PHOFIBUS PA

Probe Selection

Connection module:
- with RFI filter for EC...Z
o FEG 12 {IS) (2-pole}
- lar FEG 12 {XP) (2-pole}
-for FEC 14 (2-pole)
- lrFEC 22 (AD: B-pole
0iC: 3-paolaj

Typa: T3
aluminium housing
with separile
connection
compartmant to
XP. IS version

Elctronic insert Elactronic insart
FEC 12: A...20 mA Smart
FEC 14: PROFIBUS PA

4 Prafile 3.0

FEC 22: Compact limit switch

(1DC 11 AN with BDC 11,21 AS wDC11,16,21,26 A8 DDC11.18,21, 26 AS ®DC 11, 16,21, 26 AS
fully insulated rod with flly insulatad with uninsulated with active compensation uninsulatad scrasning
& DC 18 AN with scraaning against screening against af conductive material and active
partially insulated rod con jon or condensation or build-up at the proba build-up compansatian
material build-up material build-up
4 DG 21 AN with at the process al the process
fully insulatad rope 3 i connection
& DO 26 AN with Nat shown: Rod probes DC 11, 16 AN and AS with grourd tuba;
partially insulated not for prabes with active build-up compensation
Wave measurement instrument MVDB/04453/1309
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Dimensions
DC 11/16/21/26 AN

All dimensions in irches,

Thrzaded procass connaclions: 1% - 114 NFT
sea Paga 6 for othar process connsctions and
hausing dimensions

L1 = Langth of active probs rod or
probs rope

L2 = Length of partial insulation
minimum: 3 in
maximuni. lenath L1 minus 2 in

i
3 H 3
122 ; {38
Slz® Li &7
= i =
s ' e
Laft DT 11 AN, 2 ! o z
fully insulated rod probe = o0 33 =
Fight: DG 16 AN,
partially insulated od :
probe
i
H
o
80 AF | —|| ]
(235 in =
\\ J .
-
=
E t oy E_I = ¥ i .
I ] ====33 1 0 4 -
- 1 F ! MEE
: 328 i E 3 i HES
LafiDC A TAM, 2g ' { | Groundubs 2z " = d & 3
fully insulated rod prote ol A ! I|2= : =
with ground tuba e 2~ i
2 . 2 i
Right: IC 15 AN < -1 SN z e ma 1.7
partially nsulated rod probe 1 LR . I 1 O
yith ground tubs 7S =
£ |8v3] 213
Spacers Spacer o=
every 40in, of FFA
'] 7 Insulation
L~
-
ow
! 0062
[ i
2 T
=
3 2
[=]
8 58
Hew e
3 % e pg 20:16 = by 0.1
£ k.
2
5 )
Left: DC 21 AN, 00.87 oozt T
fulty insulated rope probe -
= -
Right: DC 26 AN, % o & -
partially insulated rope probe 1 5 c'-L
Tensioning weight always = s
with anchor hols
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Dimensions ; % i
DC 11/16/21/26 AS : H
i
All dimensions in inches. : :
Threadad process . .'
conrsctions 12 - 1'% NPT ! !
= I &
@ i) AF
Probe with screening L3 14 R : 3 3
against condensation and T {235 in} r = 5 -
material build-up at the | - _ . (f. - o
process connaction ! - 1 ' y
(inactiva sechon) ! = T j
[ T 1 = 1 1
W g 2 H ‘
i = .2 o max. 1.7 ! o max. 1.7
I o 5 -
i - = 2 ) 5
s2e Page & for other i s Tl =39 2 i £3 o =
process connactions | L B o - E i é 2 2
v oGa3 2 2 a 3
1 w X = a2 ' i -|= 2
L1« Langth ot actve H T o 5| B A T |5
prabe rod o H > ‘;_:? 2 e e Greand !ul‘:‘.;em : e
piobe e S - 25 o H g H o mas. 1.7 §
L2= Lengthof 11 a00.87 3 i
parhial insulation i 4 L y m -
miriTm: % in : " g “ lais
maamam: k=ngth L1 h -'21-2-
s 2 i
Abovaleft:DC 11 AS.  Apoue cantre ard right. D<o 11 AS, With ground uba
fully insulated rd probis  rod probas with ully insulatsd OC 11 AS,
wth fully insulatsd uninsulatad scrasning, 0L 15 a8, fully insukated
serssning and plastic  with partally insulated rod partially insulatad GC 16 A3,
coatad flangs with full insulation also partially insulatad
avaikabla:
—
i i
i e
1 1
H i
Lst: DG 21 AS. H L
tully insulated rope Z H <
proba with fully 60 AF —
insulated screening and ' 1235 ik
plastic coated Bangs I 3
& 5 o
Right DC 28 AS. % L
parfially inculated mps = i
proba with uninsulated ! 1 = ;
scrsening. uninsulated | ] > = 1
ropa and uninsulated 00.87 2 3 { |pmax.1.7
tensioning waight - 2ls ! :
{as shown) 3 -||" | [
; Insulation | «
With fully insulated [AF ) o :
active section this prabe - M @
is designated DC 21 AS
Bieng 1| o063
!
- [l
i i
L3
The scrasning 2
{protaction against % g ™
condansation) is & 2 58
available in three p0.16 5 H 00.1 Jdl=
standard lngihs: =~ R = ag
3= 6in o 21
3= 9in = 2
L3 = 20in E
Other lengths on
raquesl 0087 m £0.71
L3 min. 4ip o !
L3 max. 150 in & ~ of |1 -
{uninsulated o o gl |i qu‘
screaning) < = il <
L3 max. B0in 3 = 4
{fully insulated )
SCrEsning) ]
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Dimensions

DC 11/16/21/26 AS
Continued

All cimensions in nches,
Threadsd process connschions: 10 - 110 NET

Pmbes with active
bulld-up compensation
flor limit datechien,
length abvays & in)

Fartially insulatzd probas shown but tully insulated
probs also availabls whera the actvs part of
build-up compenzation is abuays uninsulated.

Mot availabls with cround wbe.

Rl
ipartially insulatad;

Riaht: active buikd-uz
compns 2on combinsd
with scrsaning L3

Laft: Rops probe
DC21 A5

(lully insulated}

or DC 26 AS
ipartially nsulated)

Right: activa build-up
compensation
combinad with
screening L3

L3

Ths screaning
{protection against
condansation) is
availabls in thrae
standard langths:
3= s5in

L3 = 9in

L3 = 20in

Other lengths on request
L3 min. ain
Lamax 1680in

r

g0 AF

i2.520n}

\$

Insukaton
‘\.\\\

S AF
(2,36 inj

oomay 17

Scresning
Ly

I

insulation _

e

AC6T

Ly

lation.

T

Partial

|
1

insulanon w .

i, 2

@

-

&0 AF
12,36 in}

— \Fi

insutation

O0LEd

fully insulated
partially insulated

= 0071

22

Ly

Achve pan of pioba
~20...860

B0 AF
2.38 in}

Sereening
Ly

Insulation

Insulation

Lt
Acliva part of probe

2

~20...860
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SVASEK

Additional Flange Triclamip 2°
Process Connections - :
and Accessories m m

Cther process connections:
+ Flangs
+ Trickanp 27

e
1

“h o= 4intor probes
- DC...aM
5 with fully insulatad scresning
fprotsction against condsnsation}
- OC . AS with active build-up condsnsation

*h = 1.850n for probes

- DG AS with uninsulatad sers2ning
ion against condansatis
th uninsulated s<racning
ard activs builld-up compansation

Addtional squipment.

A Temparalure spacer for probes
04 AN

- DG...AS wilh fully insulated scraening
iprotection against condensation)
- DC...AS with actre builkdup condansation

B Temparature spacar for probes
- DG, AS with uninsulated screening
(pratection against condensation)
- DC...AS with uninsulated screening
and actve build-up compansation

C Comgsion-resistant stesd tag

D Gas-tight giand for probes.
- DE..AN 3
- DC...AS with active build-up condansation

§.1

E Gas-tight gland for probes | -
- DC__AS wilh uninsulated screening o)
iprataction against condensation}
- DC...AS with uninsulated screening |
and active build-up compensation 3 L 1 [
—
F Gas-tight gland for probes E
- DC...AS with fully insulated screening
(protaction against condensation)

Housing Dimensions for EC...Z for FEC...

Housirgs in aluminium With low cover ksr a41 [
(Typa T3) with separate  small alectronic |
connection compartment;  inserts EC...Z,
- RF filter with small with raised cover for
dactronic inserts electroniz insarts
EC17T ZEC3TZ, FEC 12, FEC 14, FEC 22
EC 47 Zand with two cabls entries, ons
FEC 12 (IS} sealed with a blind plug
- sakty barriets with
FEC 12 (XP}).
- terminal connaction
moduls for FEC 22

Wave measurement instrument MVDB/04453/1309
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Operating data

Technical Data

General information

Parmitsl opsrating
prassures by and
temparaturss Tg

Tha graph A do not

- [ C M2 26 A5,

- probas with astive
buikd-up compansation,

- probes with tully
insulated screening.

The graph B applys to:
-0C 21 AN DC 21 A5,
-DC 26 AN/ DC 26 AS,
- probes with actiwe
build-up compansation,
- probas with fully
insulated sereaning.

Maunting of tha

akectronic irsartas a

function of cperating

tamperature Tg and

ambient tampsrature Ty:

A Probe without
lemperaturs spacer

B Probe with
\emperature spacel
or gas-tight gland

© Electronic insert in
separate housing

D Probs with
tRMpETature Spacer of
gas-fight gland and
elactronic insert in
separate housing

The graphs Aand B
apply to all electronic
inserts.

The araphs Cand D
apply to the small
alectronic insarts
EC17ZEC37Z
EC4rZ

Manufacturer

Endress+Hauser GmbH+Co. B-79829 Maulburg

Instrurnent famity HMulticap

Instrument types DC 11.18. 21. 26 AN/ AS

Function Probes lor capacilive lavel measuremant and
limit detection

—

Oparaling pressure to 1450 psi depending on material - see below

Operating temperature

lo 390 °F, dapending on material - ses below

Testing prassure

10 2175 psi [ temperature 70 °F by repetitive test as requested

2. By
pat sl
1458 260 s Tes =29 i
N, b il
i B -145psi = =TS p
\ \% s
S5 L
(JTe W
-3¢ 32 10h 17a = -0 32 120 % F
Insulation PTFE or PR2 Insulation PTFE, PFA or FEF
F'_._
R » 29 psi
3G fo
, =ldaps
Ny
-110 a2 70 30 T
Insudation PE

~110

R O L

-8a

320
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Other Operating Data

SVASEK

Lateral load on the probe rod

see below

Strain on the probe rope

45 [bs at 70 °F. static

Withaut ground tube

With fully insulated
scrasning

e e )

max. 22.2 ftibs
{=30 Nrm}

With active buikd-up condensation

max, 18,5 ft Ibs
{=25 Nm}

With ground tubs

! ]

max. 323t ibs
{m 45 N

Sith screening

max, 222 ftlbs

: . {w= 300 Nm)
With serssning T d

andl grounid tba

JFE 2
jmax. 44.4 ftibs : jmax. 222 lbs
i= &0 Nrnj = 30 Nrn
Mith scrszning
ardl ac sz build-up compansation
_ 1 Hm =074 fLlos le
max. 51.8H ks 1 N = 0.225 Ibs max. 45 lbs *
(= 70 Mrn} {m 200 MY
Parmissitle latsral load
on tha probies
Probe lengths

Total length ot a’rod probe

min. 4 in. max. 230 in, se= dimensions

Total l2ngth of a rope probe

min. 20 in, max. 1020 in. ses dimensions

Capacitance values of the probe

Basic capacitance approx. 30 pF
Temperature spacer approx. 20 pF
Air-tight entry approx. 20 pF
Active build-up approx. 10 pF
compensation

Additional capacitances

Probe 10in from a
conductive vessel wall

insulated probe rod in air approx. 0.33 pFfin,
in water approx. 95 pFHin
in air approx. 0.33 pFfin
in air approx. 0.25 pFin,
in water approx. 5 pF/in
in air approx. 0.25 pFfin
in air approx. 2 pF

in water approx. 60 pF
in air approx. 2 pF

uninsulated probe rod
insulated probe rope

unisulated proba rope
insulatad tensioning weight

uninsulated tensioning weight

Rod probe in ground tube

insulaled probe rod in alr approx. 1.4 pFfin,
in water approx.8.8 pFfin

uninsulated probe rod in air approx. 1.3 pFfin

Uninsulated screening

approx. 0.8 pFjin

Fully insulated screening

approx. 1.5 pFfin

Probe lengths for continuous measurement in conducting liquids

EC with Crmax = 2000 pF
(EC 47 Z, FEC 12)

rope probe up to 315 in
{up to 1020 in in non-conducting liguids)
rod probe up to 230 in

EC with Cmax, = 4000 pF
(EC372)

rope probe up to 780 in
{up to 1020 in in non-conducting liquids)
rod probe up to 230 in

Wave measurement instrument
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Other Operating Data

Accuracy

#

VASEK

i

Length tolerances

up o 40 in: +01in,
upto120in: +0in,
up to 240 in: +0in,

upto 1020in:  +0in,

-0.2in rod prebe,
0.4 In rope probe
0.4 in rod probe

-0.8 in rope probe
=08 in radl probe

-1.2 in rope probe
-1.8 in rope proke

used in conductive liquids.

The following specifications only apply to the capacitance of fully insulated probes when

The deviation is insignificant for applications in non-conductive materials.

Linearity error in waler

< 1% at 40 in length

Temperature dependance of
the probe rod

<01%peark

Pressure depandenca of
the probe rod

approx. 1.4 % per 100 psi

Temperatura dependence of
the prabe rope

<0.1%perk

Pressure dependencs of
the probe rope

< 9.7 % per 100 psi

Process connections

Parailel threac

ANSI B 1.201

14%-11% NPT

Triclamp coupling 150 2852

ANSI tlanges ANSI B 18.5

Materials

Aluminium housing GD-Al Si10 Mg, DIN 1725,
{Type T3) with plastic coating (blue / grey)

Seal for housing cover

O-nng of EPDM (elastomer)

Temperature spacer

Slainless steel AlS| 304 or similar

Gas-tight gland

Slainless steel AlSI 304

Further material specifications

see Product Structure on Page 10...

n
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Accessories

Supplementary
Documentation

a

Te
o

Slip-on sheet for partially insulated
probes for increasing the switching
safety for limit detection

saee Technical Information

“Probe accessories”

chnical Information
Probe accessories
Technical Information T| 229F00/en

Electronic insert FEC 12
Technical Information Tl 250F/00/en

Electronic insert FEC 14
Technical Infermation T1 376F00/en

Electronic insert FEC 22
Technical Information TI 251F/00/en

Electronic insert EC 17 Z

Technical Infgrmation T 268F/00/en
Electronic insert EC 37 Z, EC 47 Z
Technical Information TI 27 1F/00/en

Transmittars for limit detection and
continuous lavel measuremeant on
request

2 Rope shortening
insulated probas

2 Raope shortening
insulated probes

Certificates

SVASEK

kit for fully

kit for partially

See product structurz on page 10.

oAEPTY

Endress+H

The Power of Know How

Endress+Hausar
GmbH+Co, KG
Instrumants
Interraticnal

PO. Box 2222
D-79574 '‘Weil am Rhein
Germany

Tel (07621) 975.02
Fax (07621) 075345
httpidhwew endress.com
nlo@ii endress com

auser

TI 243F/ 03 en'06.03
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WAVERIDERS (DATAWELL)

Waverider SG 0.7m
Directional waverider 0.7 m
Directional waverider MKIlI
Directional waverider GPS

Mini directional waverider GPS

Wave measurement instrument MVDB/04453/1309
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Waverider SG 0.7 m

Datawell - Oceanographic Instruments

Continuing the 36-year success of the original Waverider, Datawell introduces
the Waverider SG offering more options and accuracy

The new Waverider SG 0.7 m (WR-7} is a real-time non-
directional wave-height measuring buoy. Wave-height
is maasured with a resolution of 1 cm using the well-
proven stabilized platform sensor that accurately tracks
the vertical component of the orbital wave motion. In
the WR-7, the platiorm mounting of the sansar has
been reinforced, significantly increasing the rokustness
of the bucy. Also, newly developad digital seasor
circuits offer better accuracy.

The WR-7 uses the same processing hardware as the
directional DWR-MkIIl and DWR-G buoys. This gives
the WR-7 some new features and options that were not
possible on the original model:

= Standard integrated data logger. Flash cards up
to 2 GByte store all measured data.

= Standard GPS position monitoring. Position
monitoring allows for drift alarm possibility and
easy retrieval of a buoy adrift.

= ALED flash light mounted at the top of the
antenna. The high mounted flashing light increases
visibility significantly.

« Additionally, the WR-7 can be equipped with a
water temperature sensor and is prepared for
future meteorological sensors such as air
temperature, wind direction and wind speed.

The buoy comes standard with Datawell’s unique HF
link. This link suffices for ranges up to 50 Km. If larger
transmitting ranges are desired, the HF link can be
combined or replaced with Argos or Orbcomm satellite
communication. For near-shore applications, an easy to
use GSM communication option will be available soon.

.

For larger service intervals, e.g. at remote locations, the
news Waverider is also available in 2 0.9 m hull
diameter (WR-9). The WR-2 holds twice the amount of
batteries and can operate for 3 years continuausly.

To acquire, store and analyze the measured data,
Datawell offers the Wives21 software package. See
our brochure on W@ves21 for more information.
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SVASEK

- Waverider SG 0.7 m

Datawe!l Oceanograph:c Jnstruments

Continuing the 36-year success of the original Waverider, Datawell introduces
the Waverider SG offering more options and accuracy

The new Waverider SG 0.7 m (WR-7} is a real-time non-
directional wave-height measuring buoy. Wave-height
is measured with a resolution of 1 cm using the well-
proven stabilized platform sensor that accurately tracks
the vertical component of the orbital wave motion. In
the WR-7, the platform mounting of the sensor has
been reinforced, significantly increasing the robustness
of the buoy. Also, newly developed digital sensor
circuits offer better accuracy.

The WR-7 uses the same processing hardware as the
directional DWR-MkIII and DWR-G buoys. This gives
the WR-7 some new features and options that were not
possible on the original model:

= Standard integrated data logger. Flash cards up
to 2 GByte store all measured data.

» Standard GPS position monitoring. Position
monitoring allows for drift alarm possibility and
easy retrieval of a buoy adrift.

= A LED flash light mounted at the top of the
antenna. The high mounted flashing light increases
visibility significantly.

= Additionally, the WR-7 can be equipped with a
water temperature sensor and is prepared for
future meteorological sensors such as air
temperature, wind direction and wind speed.

The buoy comes standard with Datawell's unique HF
link. This link suffices for ranges up to 50 Km. If larger
transmitting ranges are desired, the HF link can be
combined or replaced with Argos or Orbcomm satellite
communication. For near-shore applications, an easy to
use GSM communication option will be available soon.

N B T T K TR T

zi]‘l 11 M I'!.a' i
Tha Hethe
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For larger service intervals, e.g. at remote locations, the
new Waverider is also available in a 0.9 m hull
diameter (WR-0). The WR-% holds twice the amount of
batteries and can operate for 3 years continuously.

To acquire, store and analyze the measured data,
Datawell offers the Wé@ves21 software package. See
our brochure on W@ves21 for more information.
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Directional Waverider 0.7m

Datawell - Oceanographic Instruments

A compact directional wave buoy with over 1 year continuous operation

The Mkiii redesign has increased operational life to 3
years for 0.9 m diameter directional wave buoys. At
the same time this redesign offered the possibility of
an easy-to-handle 0.7 m diameter directional wave
buay with over 1 year aperational life.

Now you can have all the advantages of the Mkl
Directional Waverider in a compact buoy:

» The heart of the buoy is still the well-proven
Dataweli stabilized platform wave sensor

= 27 mm rubber cords for appropriate mooring of
0.7 m diameter directional wave buoys

= Transmission ranges extend to 50 Km and even
further with the standard HF link

= Standard integrated data logger will secure all
measured wave data in the buoy

= High-energy batteries guarantee over 1 year
continuous operation under all wave conditions

and weather circumstances

» High-intensity LED flash light, mounted at the
top of the antenna for improved visibility

* GPS position monitoring for drift alarms and easy
retrieval

= Standard sea surface water temperature sensor

* Optional Argos satellite communication for
operation on the open ocean

* |dem Orbcomm satellite communication

* Optional GSM communication for near shore

operation
Bataweli G"‘.f T &
Zomerlysistraat 4 F
W Haarlam E
Netherlands i
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Directional Waverider 0.7 m

TR S L T T KB AT T AT Rl AR

Datawell - Oceanographrc Instruments

Specifications
Heave | Range —-20m-+20m
Resolution 1cm |
Scale accuracy (gain error) | < 0.5% of measured value after calibration
< 1.0% of measured value after 3 year
Period time 1.65-30s !
Direction Range 0° - 3607 |
Resolution 1.5°
Buoy heading error 0.4° - 2° (depending on latitude) typical 0.5°
Reference magnetic north
Period time {free floating) | 1.65-30s ;
Standard features E HF transmitter frequency range 27 MHz - 40 MHz "
transmission range 50 Km (RX-D receiver)
Data logger type 1 Compact Flash Module, size 54 MB - 2 GB
Flash light 4 LEDs, colour yeliow (590 nmy), pattern 5 flashes every 20 s
GPS position every 30 min, precision 10 m
Water temperature range —5 °C - +46 °C, resolution 0.05 °C, accuracy 0.2 °C
Options Argos satellite communication
Orbcormnm satellite communication (available soon)
GSM mobile communication (available soon)
General Hull diameter 0.7 m {excluding fender)
Material stainless steel AISI316/Cunifer10
Weight approx. 105 Kg
Batteries operational fife 1 year, 1 section of 20 batteries,
: type Leclanché 4931670.0 (black)
Mooaring standard. 30 m of 27 mm rubber cords
Pracessing 32 bits
Temperature range operating -5 °C - +35 °C
storage =5 °C - +40 °C (+ 55 °C short term, weeks only)
Receiver RX-D or Warec (older Warecs may need modification)

P I S e e R R T e N o e e B S A O M U el R R e o e TR
Datawell BY T +31235% aﬂ :‘
Zomerluststraat 4 F o +31235311986
2012 LM Haarlemn £ sales@datawelinl
The Metherlands W wwwdazawellnl
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D Directional Waverider Mklll

Datawell - Oceanographic Instruments

The Directional Waverider DWR-MKkIII: Three years of continuous operation

The Directional Waverider hardly needs an
introduction: it is the world's standard for measuring
wave height and wave direction. Its success is due to
the accurate and well-proven stabilized platform
sensor, enabling wave height measurements by a
single accelerometer. For the wave direction, direct

pitch and roll measurements are performed needing no

integration. In the DWR-MkIII, this sensor is still the
heart of the instrument. The redesign comprises
updated peripheral electronics, new battery
technology. a more rebust flash light and modular
mechanics.

e The most striking feature of the new mark is its
LED flash light that makes the glass housing
obsolete. Mounted at the top of the antenna, it
increases the buoy's visibility to passing ships. To
increase visibility even further, an optional radar
reflector for the 90 cm version will be available
soon.

e A GPS receiver for buoy positioning has now
become a standard feature of the DWR-MkHII, and
facilitates its retrieval.

« Standard integrated data logger based on the
latest flash card technology.

* Ongoing developments in battery technology
have produced a non-magnetic alkaline R40-cell

containing 100% more energy than its Zinc-Carbon

predecessor. These new cells keep the DWR-MkI
operating under all wave conditions and weather

circumstances for three years without replacement.
» An accurate onboard energy meter monitars the

actual energy consumption of the buoy, and
reports a reliable estimate of the remaining
operating life.

wstraat 4
Haarlem

Ihe Matherlands

Final report
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* The DWR-MkIII is equipped with a water
temperature sensor and is prepared for future
meteorological sensors such as air temperature,
wind direction and wind speed.

The DWR-MklIl comes standard with Datawell’s
unique HF link for ranges up to 50 Km. For larger
ranges the HF link can be combined or replaced with
Argos or Orbcomm satellite communication. A GSM
communication option will be available soon.

The Mkl is also available in a 70 cm hull offering
easier handling and 1 year of continuous operation.
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Directional Waverider Mklll
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Datawe!l - Oceanographlc Instruments

Specifications

Heave Range -20m - +20m
Resolution 1am
Scale accuracy (gain error} | < 0.5% of measured value after calibration

< 1.0% of measured value aiter 3 year

Period time 165-30s

Direction Range 0° - 360°
Resolution 1.5%
Buoy heading errar 0.4° - 2° (depending on latitude) typical 0.5°
Reference magnetic north
Period time (free floating) | 1.65-30s

Standard features | HF transmitter frequency range 27 MHz - 40 MHz

transmission range 50 Km (RX-D receiver)

| Data logger type 1 Compact Flash Module, size 64 MB - 2 GB
| Flash light 4 LEDs, colour yellow (590 nim}, pattern 5 flashes every 20 s
GPS position every 30 min, precision 10 m
Water temperature range -5 °C - +46 °C, resolution 0.05 °C, accuracy 0.2 °C
Options Argos/Orbcomm satellite communication (not yet available on DWR-7)
GSM mobile communication (available soon)
General Hull diameter 0.9 m (0.7 m) (excluding fender)
Material stainless steel AlSI316/Cunifer10
Weight approx. 225 Kg (105 Kg)
Batteries operational life 3 years (1 year), 5 (1) sections of 13 (20)
batteries, type Leclanché 4931670.0 (black)
Processing 32 bits
Temperature range operating -5 °C - +35 °C
storage =5 °C - +40 °C (+ 55 °C short term, weeks only)
Receiver RX-D or Warec (older Warecs may need modification)
Upgrading from Mkil to Mklil simply by replacing hatchcover
T O LT —

Datawell 8Y T +31 2353

Zomerluststraat 4 Foo+31235%0 }‘? %

2012 L3 Haarlem E  sales@datawellni
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Directional Waverider GPS

Datawell - Oceanographlc Fnstruments

Measuring waves with GPS

With the DWR-G wave buoy Datawell introduces a the news DWR-G buoy has been tested against the
revolutionary concept of measuring waves with a single standard in the field of wave measurement:: the

GPS (Global Positioning System) receiver, not Datawell Directional Waverider (MkII}. The graphs
differential GPS. The DWR-G featuras a patented below show that the conventional Directional
algorithm and custom-made GPS receiver that will Waverider and the new GPS-based wave buoy merged
challenge existing, convenitional wave buoys hased on in one single hull, produce identical heave and Fourier
inertial sensors such as accelerometers and magnetic spectra within specifications. For more information
compass {see specifications on other side}. refer to the December 2003 issue of Sea Technology,
To convince potential users of this unorthsdox method visit our website or contact Sales.

— GPS  Dir. Waverider
3
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g
_3 L L 1 1
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Directional Waverider G

Datawell - Oceanographic Instruments

SVASEK

PS
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Specifications
; Wave motion sensor | Sensor single GPS (not differential)
! Precision 1-2 ¢n frea floating, all directions {10}
| 1-2 cm + 0.5 % | moored, vertical {10}
:. o moared, horizontal, depends on current and wave frequancy
i {excluding GPS antenna pitch and roll motion)
Range 53 m- +50m
Periods 1.65-100s
Calibratior not required ever i
Exclusion GPS signals do not penetrate through water, occasional data gaps may occur |
Exclusion not resistant 1o SA {Salective Availability, may be switched on by US
Departmant of Defence for strategic reasons)
: Wave data Data north, west, vertical —;
;_ Rasolution 1 cm {north 2 cm, LSB "north” is GPS data gap indicator) |
! Range —20m-+20m
Rate 1.28 Hz
Reference WGS84
Spectral data Frequency resolution 0.005 Hz below 0.10 Hz and 0.010 Hz above
Frequency range 0.025 Hz - 0.60 Hz
Direction resolution 150
Direction range 0° - 360°
Standard features HF transmitter frequency range 27 MHz - 40 MHz, transmission range 50 Km
Data {og_gc—r type 1 Compact Flash Module 64 Mb (up to 2 Gb optional)
Flash light 4 high,intensity LEDs, colour yellow {590 nm), pattern 5 flashes every 20 s
GPS position every 30 min, precision 10 m '
Options Argos/Orbcomm satellite communication
GSM mobile communication (available soon)
Water temperature range -5 °C - +46 °C, resolution 0.05 °C, accuracy 6.2 °C
General Hull diameter 0.9 m (0.7 m}, excluding fender
Material stainless steel (AISI316), Cunifer optional
Weight 225 Kg (95 Kg}
Mooring standard, 30 m of 35 mm (27 mm) rubber cords
Batteries operational life 1.7 year (0.7 year) :
10 {4) sections of 13 batteries type Leclanché 4931/668 {green)
Raceiver RX-D (recommended) or Warec
Compatibility DWR-G hatchcovers are compatible with Mkl buoys
T A S P 0 e e e S R T A T s o T e A B R e e R TR e e T
T 431235316053

Datawell BV
Zomerluststraat 4
2012 LM Haarlem
The Metharlands
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‘mini Directional Waverider GPS

Datawell - Oceanographic Instruments

The smallest directional wave measuring buoy on the market

With a 40 cm mini-buoy version Datawell complates its
range of GPS buoys: DWR-G9, DWR-G7 and DWR-G4,
with 0.9 m, 0.7 m and 0.4 m diameters, respectively.

Just like its larger equivalents the DWR-G4 relies on
the Datawell principle of measuring waves with a
single Global Positioning System receiver {(GPS). By
now this technique is well-established in
oceanegraphy as evidenced by several publications
and well-pleased users in the field.

Small though it is, the DWR-G4 offers full-functionality
and full-compatibility with other Datawell equipment,
Data links and formats, RX-D and Warec receiver,
W@ves21 software, batteries, etc. are all the same or
compatible.

Weighing 17 Kg only the DWR-G4 may be readily
deployed and recovered by hand from an inflatable
boat with outboard engine. Via HF link, directional and
spectral wave data are transmitted, .g. to a portable,
compact RX-D receiver connected to a laptop running
the W@ves21-software. The LED flasher and/or the
HF-transmitted GPS position facilitate tracking or
locating the buoy.

hatchcover with antennas electronics unit (side)

uststraat 4

2012 LM Haarlem
The Netherlands

Wave measurement instrument
Final report

Alternatively, a GSM link will be available soon for
near-shore or in-shore use. In the near future an Argos
satellite link will be introduced for application in a
drifting buoy. GSM and Argos will transmit
compressed spectra only, but the logger (standard) will
always secure the full set of wave data.

The DWR-G4 may be put to good use as:

- 160 -

an evaluation buoy to select long-term
deployment sites

a sea-state monitoring buoy during dredging,
construction, etc. operations
a drifting buoy

hull with batteries

MVDB/04453/1309
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 mini Directional Waverider GPS

Datawell Oceanographlc Instruments

Specifications
Wave motion sensor | Sensor single GPS (not differential)
Precision 1-2 cm free floating, all directions (10)
{excluding GPS antenna pitch and roll motion) ]
Range =50m-+50m
Periods 165-1005s
Calibration not required ever
| Exclusion GPS signals do not penetrate through water, occasional data gaps
| may occur
| Exclusion not resistant to SA (Selective Availability, may he switched on by US
| Department of Defence for strategic reasons)
Wave data | Data north, west, vertical
Resolution 1 cm {north 2 cm, LSB "north” is GPS data gap indicator)
Range -20m-+20m
Rate 1.28 Hz
Reference WGS84
Spectral data Frequency resolution | 0.005 Hz below 0.10 Hz and 0.010 Hz above
Frequency range 0.025 Hz - 0.60 Hz
Direction resolution | 1.5° |
Direction range 0° - 360°
Standard features HF transmitter frequency range 33 MHz - 36 MHz,
transmission range 10 Km (hand-held receiver)
25 Km (receiver with ground-plane antenna)
Data logger type 1 Compact Flash Module 64 Mb
Flash light 4 high intensity LEDs, color yellow (590 nm), pattern 5 flashes every
20 seconds
GPS position every 30 min, precision 10 m
Options GSM maobile communication {available soon})
Argos satellite communication (not available yet)
Water temperature | range =5 - +46 °C, resolution 0.05 °C, accuracy 0.2 °C
General Hull diameter 0.40 m (0.46 including fender)
Material stainless steel (AISI316)
Weight 17 Kg
Maoring no mooring, use free floating
Batteries operational life 2 weeks
1 section of 7 batteries, type Leclanché 4931/668 (green)
Receiver RX-D (recommended) or Warec
3..mweii v Fo+31235 531 6053
Zomeruststrazt 4 F +3123531 1986
2012 LM Haarlem E sales@datawesilal
The Netherlands W v datawellnl
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PRESSURE SENSOR (BAKKER &CO)

Submersible depth sensor series 8000
Intelligent transmitters series 1000 , 6000 & 9000

Wave measurement instrument MVDB/04453/1309
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awe Submersible Depth Sensors

Series B000

!

Digiquartz® Depth  Senscrs  provide  the  ultimate
precision in water  lavel maasuraments. Typical
application accuracy of 0.01% is achievad sven under
difficult  environmental conditions. Desirable
characteristics include excellent long-term  stability,
1 x 10°% resolution. low powsr consumption, and high
reliability.

The remarkable performance of these depth sensors is
achieved through the use of a precision quartz crystal
resonator whose frequency of oscillation varigs with
pressure-induced stress. A guartz crystal temperatura
signal is provided to thermally compensate the calculated
pressure and achieve high accuracy over a broad range
of temperatures. The depth sensors include waterproof
housings with integral shock protection.

High accuracy, resclution, and stability make Digiquartz®
Depth Sensors ideal for applications such as Tsunami
detecticn, wave and tide gauges, platiorm leveling,
underwater pipe laying, and as depth sensors in ROVs
and AUVs.

All Dzpth Sensor ranges are available with either

frafuency outputs or integral intelligent electronics with
bi-directional digital communications.

Paroscientific,Inc.

Digiquartz’ Pressure Instrumentation *:

RANGES
Absolute
C-10 m HxO to 0-7C00 m H O
0-20 psia to (-10,000 psia
Gauge
0-10 m HxQ to 0-140 m H;&
(3-15 psig to 2200 psig

FEATURES
0.01% A::I.rrac,r
1 % 10 % Resclution
Unigue Anti-Fouling Port
Low Power Consutmption
High Stability and Reliakility
Fully Calibrated and Characterized
1S5 2001 Quality System — NIST Tracsable
Freguency Qutputs or Dual RS -232 and RS 485 Interfaces

APPLICATION AREAS
Hydrology
DC-‘:amgraf:I‘ly
Teunami Detection
Yave and Tide Gauges
Cifshors Platform Laveling
Cam and Reservoir Level Sensinag
Underwater Pip2 Laying and Surveying
Remotely Operated and Autonomous Underwater Vehicles

Dual R5-232 and RS 485 interfaces allow complate remote
configuration and control of all operating parameters,
including resclution, sample rate, and choice of enginsering
units. intsgration tims, and sampling requests. Commands
include:  Single sample and send, synchronized sample
and hold, continuous sample and send, and special burst
sampling modes,

MNew and =nhanced features include support for both serial
loop and multi-drop networking, selectable baud rates up to
115,200 baud, synchronization of measuremsnts with time-
based integration. 2 or 4 wire RS-485 f{ransmission
distances greater than 1 kilameter, improved high-speed
continuous pressure measurements, a powsr managsment
“sleep” mede, data formatting features, and unit
identification commands.

All Digiquartz® transducers come with a limited five-ysar
warranty with the first two years covered at 100%.

i
i

3 w
l-.-m.\.u.ul
i
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Depth Sensors - Frequency Output Series 8000

PERFORMANCE CHARACTERISTICS

sgACON CONMEEgLOR S
e Pressure Parformance Accuracy typically better than 0.01%
o Full Scale (See SCD)
Calibrated Temperature -2C to +40C
Hysteresis: 8B =% 0.01% Full Scale
S0P =+ 0.005% Full Scale
Repeatability: 8B=% 0.01% Full Scala
G0P=% 0.C05% Full Scale
Over Pressure: 1.2 times Full Scals
Thermal Sensitivity: <0.0008% Full Scale jdeg C
Pressure Signal: Neminal Fraquency 37 to 42 KHz
Temperature Signal: Neminal Fraequency 172 KHz
ELECTRICAIL CHARACTERISTICS
Input Voltage: +5 {Min) to +25 ¥YDC
Current Consumption: 1.3 mA& @@ sV DC (Typicaly

“W—_J Output Signal: Nominal square wave of 4 volts ampli-

tude peak-to-peak, capacity coupled
with source impedance <1,000 Ohms.

Series 8DP (0-700 meters) ENVIRONMENTAL CHARACTERISTICS
Weight: 8B Dry: 2.55Ibs (1.156 Kg) Max
P AL r TECTOR 80P Dry: 3.48 Ibs (1.58 Kg) Max
mn 80P 700m Dry: 5.00 Ibs { 2.28 Kg) Max
_& Housing Materials/Wetted: 8B - Stainless Steel
8DP-PVC Type 1 or Acstal, White

OTHER ACCESSORIES AVAILABLE
= Intelligent Interface Board
e Cablas with Mating Connectors

®

@ @
®
Connector Pin-0Out
PIN SIGNAL
1 Temperature Signal
= =
Series 8B (0 to 7,000 meters) 2 Pressure Signal

Power/Signal Ground

e

4 Power

Digiquartz® Pressure Instrumentation

Wave measurement instrument MVDB/04453/1309
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Depth Sensors - Intelligent Output

SVASEK

Series 8000

BURTON CONNECTOR
#E507-1502-00¢
7

/

\-._E____.-'

Series 3CDP (D to 700 meters)

BURTON CONNECTOR

_—

Series 8CB (0 to 7,000 meters)

Paroscientific,Inc.

PEREQEMANCE CHARACTERISTICS

Fressure Performance Accuracy typically better than 0.01%

Full Scale (Se=s SCD)

-2C to +40C

8B =+ 0.01% Full S5cale
SCOP =+ 0.005% Full Scals
ECB=+ 0.01% Full Scale
BCCP=% 0.005% Full 3zale

Calibrated Temperature Range:

Hysteresis:
Rapsatability:

Ovar Pressure: 1.2 times Full Scals
<0.0008% Full Scals !

ELECTRICAL CHARACTERISTICS

Thermal Sensitivity: dey ©

Input Voltags: +3 (Min] to +16 VDC

Current Consumption: 18.5 mA Cuiescent, 32 mA max @ +5 VDT

RS-232 me=sts EIATIA specs
RS5-485 me=sts EIATIA specs

Cutput Signal:

EMYVIROMMENTAL CHARACTERISTICS
Weight: GCB Dry: 2.94 lbs {1.33 Kgi Max

SCOP Dry: 348 lbs {153 Kg! Max
&8CDP 700m Dry: 5.0 Ibs (2.26 Kg} Max
BCB - Stainless Sizel

8CDP-PVC Type 1 or Acetal. Whits

Housing Materials/\Wetted:

OTHER ACCESSORIES AVAILABLE

« Model 715 Remote LCD Display
» Cables with Mating Connectors
+ Power Module Kit

® @ ®
® & O
@ Q@

Connector Pin-Cut

PIN SIGNAL
1 RS-232 to Computer
2 RS-232 from Computer
3 Power/Signal Ground
-+ Power

3 RS-485 RX+
6 RS-485 RX-

7 RS-485 TX+

8 RS4RI TX-

4500 148th Ave. N.E.
Redmond, WA 05052
Web: werw para
E-Mail: supportid

Tel :{428) 8838700
Fax :(425) 867-5407
=ntific.com

tific.com

DErscis!
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Depth Sensors Series 8000

n-19 B8DP010-2 1116-004-0 3 50(8.9) | 8.92(22.7) 8CDPO10-1 1705-001-0 | 3.50{3.9) | 8.55(21.7
0-20 8DPC20-2 1116-0068-C | 3.50(8.9) | 8.92{22.7) 8CDP0D20-1 1705-002-0 | 3.50(8.9) | 8.55(21.7)
0-60 8DPGE0-2 1116-008-0 | 3.50(8.9) | 8.82(22.7) ECDPOBO-I 1705-003-0 | 3.50(8.9) | 8.55(21.7)

(5-130 B8DP130-2 11160100 | 3.508.9) | 8.92(22.7) | ecorP130- | 17050040 | 3.50(8.9) | 8.55(21.7;
0-200 8DP200-2 1116-012-0 | 3508.9) | 8.92i22.7) | 8cpP200-1 | 17050050 | 3.50(8.9) | 8.55(21.7)
0-279 BOP270-2 1116-014-0 | 3.50(8.9) | 8.92(22.7) | scoPz27o-t | 1705-006-0 | 3.50(8.9) | 8.55(21.7)

G700 sDP700-2 1116-035-0 | 3.50i8.9) | 14.51(36.5) 8CDPTO0-I 1705-007-0 | 3.50(6.9) | 10.50!28.7)

040 | 8DP010-GV-2 | 1117-002-0 3508.9) | 8.92(22.7) Jscoro1o-Gvi| 17080010 | 3.50(8.9) | 8.80(22.4)
015 |epPois-Gv-2 | 1117-0100 |3.50i8.9) | 8.92(22.7) JscpPo1s-gvi| 1706-002-0 | 3.50(8.9) | 8.80(22.4)
020 | 8DP020-GV-2 | 1117-004-0 | 3.50(8.9) 8.92{22.7LIBCDF’020-GVI 1708-003-0 - | 3.50(8.9) | 8.80(22.4)
0-70 | 80POT0-GV-2 | 1117-006-0 |3.50(8.9) | 8.92(22.7) |8CDPO70-GVI| 1705-004-0 | 3.50(8.9) | 8.80(22.4)
0-100 | 8DP100-Gv-2 | 1117-012-0 |3.50(8.9) | 8.92(22.7) |8CDP100-GVI| 1706-005-0 | 3.50(8.9) | 8.80(22.4)
0-140 | sDP140-Gv-2 | 1117-008-0 |3.50(8.9) | 8.92(22.7) JscpP1ao-cvi| 1708-006-0 | 3.50(8.9) | 8.80(22.4)

= - . ad = -
BEIIER A [ eas 5 = 0L C] S =

AD=E0 B et EIIS OIS > e Llen Nensors
¢-1400 8B1400-2 1036-002-0 | 1.61(4.0) | 9.85(25.0) 8CB1400-1 1700-001-0 | 1.61(4.0) | 10.83{27.5)
0-2000 | 8B2000-2 1036-004-0 |1.61(4.0) | 9.85(25.0) | 8cB2000-1 [ 1700-002-0 | 1.61(4.0) | 10.83(275)
0-4000 8B84000-2 1036-006-0 | 1.81(4.0) | 9.85(25.0) 8CB4000-1 1700-003-C | 1.61(4.0) ] 10.83{27.5)

0-7000 8B7000-2 1036-008-0 | 2.17(5.5) 10.68[‘2?21}' 8CB7000-1 1700-004-0 |2.17(5.51) | 10.83(27.5)

* Non-Temperature Compensated Versions Optionally Available

Paroscientific, Inc.

4500 148th Ave. N.E.
Redmond, WA 98052

Tel:  (425) 883-8700

Fax: (425) 867-5407

http: fvasw. paroscientific.com
E-Mail:support@paroscientific.com

Product defined cification Contmol Drawine, Specilications Sobjecl 1o change witheul pi
lf.l.m.i'u‘.ture.l mﬂﬁ#nrnmsd’llv i\ﬂd\!lllg“g Patents: 44583, T - 1455874 - 4 592663 - J I‘-\,i:l 4751 G- 4757205 - 4,764 244 - 4831252 LRT2UT- S 012000 Other putents pending,

% Registered Tradanark of Paroscicatific., Inc. € Copyright October 2001 by Panmaientific, Inc,
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wer Intelligent Transmitters
Technokagy

Series 1000, 8000 & 9000

Paroscientific Intzlligent Transmitters consist of a Digiquarz"
prassurs transducer and a digital interface board in an intearal
package. Commands and data requasts are sent via two-way
RS-232 or RS-485 serial interfaces.  Digital oulpuls are
provided dirsctly in engineering units with typical accuracy of
0.01% over a wide temperature range. Output pressure is
fully themnally compensated using a quartz crystal
lemperature  signal. All intelligent  transmitters  are
preprogrammed with calibration coefficients for full plug-in
interchangeability.

Intelligent Transmitters ar2 available in 19 absolute pressure
rangss from 15 psia {0.10 MPa) to 40000 psia {276 MPa}, 6
gauge pressurs rangss from 15 psig to 200 psig, and
differential pressure rangas of 3, 6, and 18 psid. Dual RS-232
and RS485 interfaces allow complste remcte configuration
and contral of all operating parameters, including resolution,
sample rate, choice of engineering units, intagration time, and
sampling requests. Commands include: Single sample and
sand, synchronized sample and hold, continuous sample and
sand, and special burst sampling modas.

New and enhanced features include support for both serial
loop and multi-drop networking, selectable baud rates up to
115,200 baud, synchronization of measursments with time-
based integration, 2 or 4 wire RS485 transmission distances
grasater than 1 kilometer, improved high-spead continuous
pressure measurements, a power management “sleep” mode,
data formatting features, and unit identification commands.

Free software is included for setup, configuration, sampling,
display, data logging, and plotting.

Paroscientific, Inc.
Digiquartz® Pressure Instrumentation

RAMGES
Absoluta 0-15 psia to 440,000 psia
Gauge 0-15 psig to -200 psig
Differential -3 psid to 0-13 psid
FEATURES

0.01% Accuracy

1% 10% Resolution

High Stability and Reliability

Cual R8-232 and RS-485 Interfaces

Fully Calibrated and Characterized

153 8001 Quality System - NIST Traceable

APPLICATION AREAS

td=traloay Coeanagraphy
Hydrolagy Process Control
Aesrospace Energy Exploration

kMetecrology Wind Tunnzl Instrumentation

Tha Model 715 displays pressure and temperature data from all
Paroscientific Intzlligent transmitters that have Dual RS-232 and
RS-485 interfaces. The two-line. 15 character, alphanumearic,
backlit. liquid crystal display is usaer configurable with includzsd
softwars. Display functicns include pressure and temperature
values with enginesring units, overpressure warning. tare
indicator, user defined text messages, and a horizontal analog
bar graph showing percentags of fullscale pressure.

The Model 715 Display will respond to display commands from
the Transmitter, a computar. or other senal host on aither tha
RS-232 or RS485 port. For stand-alone operation, it displays
data whenever power is applied to the transmittar.

| Dz Sizginy

All Digiquartz® Transducars come with a limited 5-year wamanty
with the first 2 years coverad at 100%.

Wave measurement instrument
Final report
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Digiquartz® Pressure Instrumentation

Series 1000

Ranges Available:
15 Absolute Pressure Ranges:

From 0-15 psia {0.10 MPa) to D-10,000 psia (69 MPa).

6 Gauge Pressure Ranges:

From 0-15 psig {0.10 MPa) to 0-200 psig {(1.38 MPa)
3 Differential Pressure Ranges: 0-3, 05, (18 psid (0.12 MPa)

Integral Microprocessor Electronics

Digiquartz® Transcucer with Integral Shack Kount
Fully Temperature Compensated and Linsarized Qutputs

Dual RS-232 and RS-485 Interface
Uszr Selectable Parametars Includsa:

Resclution, Sample Rate, Enginszring Units,
Integration Tima, Sampling Cemmands, Software

Recalibration Features. and Baud Rate
Compatiblz with the Modsl 715 Display

Series 6000

« " 8 8 0

Ranges Available: .
10 Absolute Prassure Ranges:

From ©-15 psia {0.10 MPa) to 0-500 psia {(3.45 MPaj).

6 Gauges Pressure Ranges:

From 0-15 psig {0.10 MPaj to 0-200 psig (1.38 MPa)
Miniaturized Integral Microprocesser Electronics
Digiquanz@" Transducer with Integral Shock Mount
Fully Temperature Compensated and Linearized QOutputs

Dual RS-232 and RS-485 Interface
User Selectable Parameters Include:

Resolution, Sample Rate, Engineering Units,
Integration Time, Sampling Commands, Software

Recalibraticn Features, and Baud Rate
Compatible with the Model 715 Display

Series 9000

Ranges Available:
9 Absolute Pressure Ranges:

From 0-1000 psia (6.89 MPa) to 040,000 psia (276 MPa).
Miniaturized Integral Microprocessor Electronics
Digiquarlz‘ﬁ’ Transducer with Integral Shack Mount
Fully Temperature Compensated and Lingarized Qutputs

Dual RS-232 and RS4385 Interface
User Selectable Parameters Include:

Resoclution, Sample Rate, Engineering Units,
Integration Time, Sampling Commands, Software

Recalibration Features, and Baud Rate
Compatible with the Model 715 Display

Digiquartz® Pressure Instrumentation

Wave measurement instrument
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Intelligent Transmitters Series 1000, 6000 & 9000

Pressure Performanca: Typically hetter than 0.21% Full Scals*
— Opszrating Temperature Range:
! —m—m
T Low Pressure and Gauge Ranges (=1000 psik 40 to +70° 0
M o A High Pressure Ranges (2000 psii: 0°C to +70°C
@ Barometric Range: -40°C to +50°C
500 J Cifferential Prassure Ranages: FClo +40°C
rae) Typical Currznt Consumption at +8 VD! 16.5 mA
54 = i
E % i{z.sn‘,‘rypn:al Resoluticn al 1 sampleisec: 1 ppm
GALBE GHLT 1 . i . & :
E] (HEReTVE Poar) Engineering Units: 8 Standard or User-defined
S sz gy — Baud Rate Selaction: JO0 o 115200
TS oy 1/ m_{’ Qverprassurs: 1.2 x Full Scale
ALK TG 07 LM 1000-13B to 18 psia
Side View Bottom Yiew Weght: 2% 0z {822 q) hax
R8-232 & RS 485 Communication: Compatible with EI&ATIA RS-232
Compatible with EIATIA R5-485
Fressure Performance: Typically better than 0.01% Full Scale*
[B-1% HD | D COECTOR Opesrating Temperature Range:
/ Barometric Range: 54°C to +60°C
[ : Other Ranges: S4C o +70°C
1 Typical Current Consumption at +6 VDC: 16.5 mA
81y &, Typical Resolution at 1 sample/sec: 1 ppm
I Engineeriﬁg Uit 8 Standard or User-definad
7 1 Baud Rate Selaction: 300 to 115200
PRESSURE POFT WATES WITH
1/8" PARKER A-LDK Overpressure: 1.2 x Full Scale

FOMNG JR B0V,

Top View Side View Weight:
RS-232 & RS-485 Communication:

5000-500A 1 x Full Scale

5000 - 168 to 18 psia

15.9 oz {450 g) Max

Compatible with EIA/TIA R5-232
Compatible with EIA/TIA RS-485

PRESSURE ATTIHG, HIP ER-21HL

WATES 7‘ HiR GLAND “‘{‘Eu\ Pressure Performance: Typically bettar than 0.01% Full Scale*
et 50 Bre e @™ Operating Temperature Range: 1K 40°C to +70°C
Do ﬂ:ﬂ il Hw"'rm S ’ 2K to 10K 0°C to +70°C

18K to 40 K O°FC to +80°C

Typical Current Consumption at +5 VDC: 16.5 mA

a5 Typical Resolution at 1 sample/sec: 1 ppm

731 lue A P28 Engineering Units: 8 Standard or User-defined
(1857) ' Baud Rale Selection: 30010 115200
Qverpressure: 1.2 x Full Scale

30K & 40K Only— 1.1 x Full Scals

Weight: 2K to 40K - 10.83 oz (307 g) Max

] - 1K - 21.36 0z (606 g) Max
”“[*s’%iu—l b1 snxja:J RS-232 & RS -485 Communication: Compatible with EIATIA RS-232

Model 9000-1K-101  Other Series 9000 Models

Compatible with EIATIA RS-485

* Consult transducer SCD for detailed spacifications. Dimensions are in inches - parenthesized dimesions are in centimatars.,

H H 4500 148th Avenus M E.
ParOSCIentlflc’ 1nc' Redmond, WA. USA 88052-5194

hitpffweny parascientific.com

(425) 853-8700

Fax: (425} B&7-5407
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WORKHORSE WAVE ARRAY (AQUA VISION)
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Use of RDI ADCP Waves Array Multi-Directional Wave

Measurements
:
’-‘ ) RD InStrumentS 9855 Businesspark Ave
Acoustic Doppler Solutions San Diego, CA 92131

PH: 858.693.1178
www.rdinstruments.com
rdisales@rdinstruments.com

April 22, 2003

Multi-Directional Wave Gauging, our newest series of RDI products, can be ideal for
increasing your field measurement productivity and for renovating your understanding of
complex wave fields. Applying ADCP technology, the Multi-Directional Waves Array is a
breakthrough in method and logistics for accurately resolving waves while profiling water
currents at the same time...and this patented technology is available as an upgrade to
ADCPs already in the field. This document summarizes the capability of the ADCP Waves
array including:

1.0 ADVANTAGES OF ADCP WAVES ARRAY METHOD

2.0 SUMMARY OF ADCP WAVES ARRAY FEATURES

3.0 EXAMPLE OF PLANNING SOFTWARE

4.0 EXAMPLE DATA OUTPUT (50 meter depth deployment)

1.0 ADVANTAGES OF ADCP WAVES ARRAY METHOD

The Multi-directional Waves Array replaces the traditional PUV and buoy methods with the
more precise and accurate ADCP technology. This array measurement unambiguously
resolves waves incident from multiple directions while accounting for distortion due to the
near-surface current field. While deployed on the seabed, the ADCP Waves Array
measures a total of 12 radial velocity measurements to quantify the near surface orbital
fluctuations at three different depth levels as input for the directional array processing and
also the primary non-directional spectra measurement. As redundant measurements of
the non-directional spectra, the adcp also provides spectra that are based upon the 4x
acoustic range to surface and pressure sensor time series measurements. The near
surface velocity array that is utilized by the ADCP waves not only avoids the well-known
limitations of the familiar wave-measuring technologies, but opens up a wider range of
water depths for measuring waves

RDI's ADCPs are distinguished by providing quality and value to their owners. Just as in
modern telecommunications, RDI's BroadBand information results in higher definition,
sharper images—you see more of what you are measuring. Unlike competing devices,
which are unable to use this patented BroadBand technology, RDI's impressive visual
results stem from our focusing on the signal rather than averaging out noise. When RD
Instruments previously attempted to perform directional analysis with our un-patented
NarrowBand technology, the measurements were too noisy to adequately define the
directional distribution of the energy, resolving only directional waves with resolution that is
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comparable to PUV or buoy techniques. A key step in increasing your understanding of
complex wave fields will be the deployment of RDI's Multi-Directional Wave Gauge ADCP.
Thank you very much for your interest in the RD Instruments ADCP waves array. The
Multi-Directional Wave Gauge is designed to be run by the people who work for you right
now. Reliability and ease of operation are built in. The software wizard aids instrument
setup and impressive data displays are created automatically. Support staff is readily
available at RDI. Enjoy low lifetime costs of our durable, long-lived equipment

2.0 SUMMARY OF ADCP WAVES ARRAY FEATURES

Feature RDI Remark

Workhorse
Wave Array Array processing provides un-biased measurements in many
Measurement conditions where PUV measurements provide biased
Technique measurements. If swell is incident from NW and SW, a PUV

or wave following device will report one biased energy source
from the W, while Array Techniques have the potential to
indentify both energy sources.

Signal processing Broadband Broad band Technology is 7x Higher precision than narrow
Band resuiting in higher quality directional waves data.
Acoustic systems that use a “noisy” NarrowBand signal
processing will produce directional wave results of equal to or
lesser quality than traditional methods.

Number of 12 More sensors in the array result in more degrees of freedom

Sensors in Wave in the analysis and realistic distributions in the directional

Array spectra. Systems with only 3 or 4 sensors are limited to
results that are equivalent to PUV or buoy measurement
techniques.

Simultaneous YES RDI allows full water column current measurements during

Wave + Current the wave burst. Without the capability to simultaneously

Measurements collect wave and current data, you are limited to recording a

Maximum of 1 current measurement per 30 minute period
when sampling waves.

Primary Near Surface | Bottom mounted RDI ADCPs place the velocity array near
measurement of Velocity the water surface to avoid faulty data from aerated water that
Height Spectra can occur during storm events. Near surface

measurements “sense” more of the wave energy than a
sensor that is placed close to the bottom. If a near bottom
pressure sensor is used in 17 meters water depth, errors in
Hs of up to 25% could be experienced due to attenuation of
the high frequency wave energy. Use of near surface
velocity sensors capture the high frequency signal to avoid
these errors.

Redundant “Surface track” | Two additional quality assurance checks of the height spectra

Measurements of | + Pressure are available from the 4x remote echo range to surface

Height Spectra "surface tracking” measurements as well as the customary
pressure sensor method.

Maximum Memory | 2000 Mb More memory allows for longer deployments and sampling of

Capacity more raw data for improved data QA after the deployment is
over
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Feature RDI Remark
Workhorse

PCMCIA Memory | YES RDI Uses standard off the shelf PCMCIA Memory cards that
can be purchased at any electronics warehouse, not
expensive memory chips that must be installed at the factory

Manufacturer YES International Standards Organization ensures repeatable

ISO9001 quality products

certificate

Beam Angle 20 degrees The beam angle defines how close to the surface you can
measure without experiencing side lobe interference. RDI's
BroadBand precison allow for narrower beam angles and
measurements 4% closer to the surface than systems that
rely on NarrowBand techniques with 25 degree beam angles.

Number of = RDI ADCP has four transducers for automatic rejection of

Acoustic beams biased data for quantitative quality assurance that cannot be

for velocity realized from systems with only 3 beams for velocity

measurement measurement.

1 Ping Data YES 1 Ping data rejection is required for screening biased data

Rejection due to fish contamination. Systems that perform multiple

ping averages over time may average in biases from
contamination from fish and may also loose the high
frequency portion of the spectra.

3.0 EXAMPLE OF PLANNING SOFTWARE

RDI'’s planning software is intuitive and ready to use by you or your field technicians today.
The following are screen dumps of RD Instruments waves plan software that calculates
the expected ADCP performance for a deployment depth of 50 meters. Please verify that
the minimum observable wave periods are acceptable. If higher frequency wave
information are required, the ADCP must be moved into shallower water.

e pf‘m;\pcp {Advanced) - EC;\:Mmeﬂu and setﬁ,}ﬁ\_pqpﬁne_ﬂm-!‘.}.'.y Decuments\apdevinelcustomer_correspondancetls..

£ seirgs Yo b

_‘i':i:ﬁ'sqi;m{n_ifa';:_m:' .

EmmﬂmenmSgw ikt

-.Ptﬁﬁling_smup:.
Pings Per Eti_seﬁblg:__ i
ot | Numberof Deph Calts:

2

\Workhorse Sentinel 300 kiHz/ High Réij'i'éa&ew'li'afg;sj Memoty: 448 MB] Waves
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4.0 EXAMPLE DATA OUTPUT (50 meter depth deployment)

The following screen dumps correspond to a similar, deep water deployment of a 300kHz
WorkHorse Sentinel that was deployed in ~52 meters mean water depth off of the coast of
France. Surface tracking data is valid for periods of ~2 seconds.

WavesView Composite Screen:

WaveView « 3000emoF ProcwvsData 00 wvs
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Non-Directional Spectra — showing three redundant measurements (note: measurements
to 0.45 hz in 50 meters water depth).

- WaveView = 300D emoF e ProcWvsData_ 004.svs
e i
i MMI_PMVuDM.!-_.m_( §

Elziz] (xR alsl<i>] mE 00|

 Wave lHelght (f/syrifiz)
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AWAC

* Wave height and direction
* Full current profile
...All with a single instrument

With the Naortek AWAC. you get a current pro-
filer and a wave directional system in one unit.
You can measure the current speed and direc-
tion in 1-m thick layers from the bottom to the
surface and you can measure long waves. storm
waves, short wind waves, or transient waves gen-
erated by local ship traffic.

The AWAC is designed as a coastal monitoring
system. It is small, rugged, and suitable for multi-
year operation in tough environments. It can be
operated online or in stand-alone mode wich an
internal recorder and batteries.

The sensor is usually mounted in a frame on
the bottom. protected from the harsh weather
and passing ship traffic.

The mechanical design is all plastic and rita-
nium to avoid corrosion. Online systems can be
delivered with protected cables, interface units
on shore, and backup batteries and recorder. In
stand-alone use, the raw darta are stored to the
internal data logger and power comes from an
external battery pack. A variety of options are
available with maximum deployment lengths of
4 months with hourly wave daca (8 months with
Lichium barteries).

Significant Wave Haight

as
as

a7

% ™ W @ @ w0 @ @
Hour

The AWAC with AST firmware option has been deplayed for
comparison with wave {directionol} buoys all over the werld. The
short segment shows o test canducted by Norrek partner Thetis

SA off the south coest of France.
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AST breakthrough

With the optional Acoustc Surface Tracking
{AST) firmware you can measure the long waves
(swell). storm waves and the short waves gener-
ated from local winds. Moreover. the AST alse
gives you the ability to derive wava parameters
based on iimes series analyses, which is a major ad-
vantage relatrve to the cfassical bortom mounted
systems that derwe the wave paramerers from
spectral estimates of pressure or velocity. This
means that AWAC can directly measure wave
parameters'such as H__. H, . T__ . erc. which
other bottom mounted systems simply cannot.
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Specifications

System

Acoustic frequency | MHz or 600 kHz

Acoustic beams 4 beams, one vertical,
three slanted ac 25°

Operational modes Stand-alone or long term
monitoring

Current profile

Maximum range 30m {IMHz), 50m (600kHz)
(depends on local
conditions)

Depth cell size 0.4—-4.0m (IMHz)
0.5-8.0m (600kHz) -

Number of cells Typical 20-40, max. 128

Maximum output rate Is

Wave data

Maximurn depth 40m (IMHz), 60m (600kHz)

Data types Pressure, one velocity
cell along each slanted
beam, distance to surface

Cell size 0.4—-4.0 m (IMHz)

0.5 -8.0m (600kHz)
| Hz/2 Hz, 2Hz (4Hz AST)
512, 1024, or 2048

Sampling rate {output)
No. of samplzs per burst

Yelocity measurements

Velocity range £10mis horizontal,
£5mis along beamn
{inquire for higher ranges)

Accuracy 1% of measured value
+0.5 cmis

Doppler uncertainty

- Waves 3.5cmis ac |Hz for 2m
cells '

- Current profile | cmis (typical)

On ne appllcahnns : : ;
“The AWAC is designed with Iong term.mo
“toring in mind. The optional 48-Vol int
: ed. to drive cables that
ong: am:[ contams optmns for a

Sensors

Temperature Thermistor embedded in head

- Range:—4°C to 40°C

- Accuracy/ Resolution: 0.1°C/
0.01°C

- Time constanc: <10 min

Flux-gate with liquid tilt

- Maximum dle: 30°

- Accuracy/Resolution: 2°/0.1° for
tle <20°

Tile Liquid level

- Accuracy/Resolution: 0.2°/0.1°

- Up or down: Automatic detect

Piezoresistive

- Range: 0~50m (standard)

- Accuracy/Resolution: 0.5% of full
scale! Better than 0.005% of full
scale per sample

Compass

Pressure

Daca Recording
Capacity
(standard}

Profile record
Wave record

1 MB, expandable to 26/82/154MB
#eellsx9 + 120
#samplesx24 + 46

Data Communication

o RS5-232 or R5-422
Boud rate 300-115200
User control Handled via "AWAC" software or

ActiveX® controls

Power

DC input 10-16 £10% YDC
Peak current 2A

Operating power

consumption I'W {rypical)

rﬁuces fo GSM or anaiog telephone wr' %
tomatic  download from the internal re-.
- Barteries and internal. recorder s
sed in conjunction with online’”

SVASEK

Tol- 760+ 5’[ '.r.m
760:510-5971
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Aquadopp’

Open water Current Meter (3D)

platforms, --:".

The Aguadesd s usually figurad from a PC
but it can be operated from any third-party
the RS-232/R5-422 mteriace
} or analog cutputs.

controlier usn

{binary or ASCI!

Software

g with Windows
me data collection and
g autonomous deployments. Dit-
you .h ough the
precess from configuration to conversion.
The soitware has an on-lne help saclicn and
reguires nG speciai skills.

New firmware versions from Naortek can be
icaded inte the Aguadopp using the standard
sof remaving the neesc for ope '
canister and raplacing components.

The effect of magnetic deployment frames
can be eliminatad in the on-line compass caii-
bration precedure.

The Agquadopp comes stan
cftware both for rez

for control

ferent views and menus BUICE

JEre,

In the fina analyses, the Aquadopp of.
fers great value rhrc th:. combined use of
advanced Doppler technc‘coy and a fiexible
systemn design.
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Water Yelocity Measurement

Pange + 5 m/s {inquira for higher ranges)
Accuroy 1% of measured value £ 0.5 cmifs
Maximum sampling

rate (ouipt) IHz, 2 or 4Hz on request

Interrai samipiing mite 23 Mz
Measurement area
Measurement celf size 075 m
Measurement celi position

{user selectabia} 035-50m
Oefuht positicn

{alorg baom) 035-18m

Doppler uncertainty (noise)
Tepicel encertzlingy for
ol conf

1.5 emis
Echo Intensity
Acgustic frequency IMHz
Ragahtion 045 dB
Dypamic rangs 9C di
Sensors
Tempengiure Thermistor embedded in hezd
* Rorge -4"C 10 40°C
* AzcurcyiReseiunon 9.2°C/0.01°C
* Time response 1 min

Compass Flux-gate with liquic 1t
* Maximum alft 33

* AccuracyfResoivtion  2°/0.1° for 1kt <20°

Tit Liquid level

* AccurcylResoiution 0.2°/0.1° for titt <20°

* Up or dovn Automatic detect
Pressure Piezoresistive

* Ronge 0-200m {standard)

* AccuracyfResolution 0.5% / Better than 0005%
of full sczle per sample

Analog inputs

Mumber of chomels 2

Veltoga supply 12V, Hardware can be modified 1o
provide 5V or batrtery voltage

Velloge input 1& bit A/D

Data Communication

o RS-232, RS-422, or analog outputs
Baud rote 300-415200
LUser contral Handled via WIN32 softwars,

ActiveX function calls, or direct
commands with binary or ASCIl data

Max. consumption, 1 Hz

Avg consumphion,
002hz
0.002Hz

Sigep consunption
Batiery copaoty

New botiery witoge

Doto colfection (oikahing} 6 months 2t [0-min, £ 1.5 cm/ noise

Dote celiechon {lithium)

Connectors
Bt head (fmpuise)

Cabie

Materials
Stondard mode!

Environmental
Operating tempersiuee
Sioroge lempergivre
Snock ond vibration
Pressure ratng

Antifouling paint
May be apphiad to all surfaces

Dimensions
Cylinder

Weipht in air
Weight m water
Options
Acoustic beams

Bartrery

External battery

Connecters

B2 10w

oW

folw

00013W

50 Wh, Extended 6000 m
version has two battery
packs {j.e. double capacity)
135vDC

18 months 2 10-min, £ 1.5 omfs noise

LPMBH-5-F5
{bronze - diznium opional)
LPMIL-5-MP on Sm necprene cable

Delrin” 2nd palyurathane plastics
with tizanium screws

-5*C1o 45°C
~15°C1a &0°C
IEC 721-3-2
300m
{pressure sensor OK 0 1.53xrainge)

Diametar: 75mm

Length: 5530mm with batteres
or 450mm

3.5kg

Meutral

Severzl ciferent sensor heads
available. See ssparate specification
sheet

Lithium or rechargeable Li-lon
batteries available

4 battery packs in 75 mm diameter,
500mm length, External cznister
LPMBH-8-FS with PLPMIL-8-MP on
10m potyurethane cable for optional
R$422 or R5232 with anzlog input.

output
Software (“Aquadopp”)
0 i ter WINGS, 98, 2000, NT 4.0, XP i e e
$ . Deployment planning, start with . HOTRRIK L
bt ; £+ Mildmay House, High'St.
a_larm. da_ta retrizval, ASQI conver- a f 0 Hartley Wintnéy :
sion. Online data collection and Hants. RG27 ANY
graphical display. Test modes. ©Tol: #44. 1478 731953
Data Recording S i o lf]::y_s:+4;1- (1;13 751 513
Capacity (standord] 2 MB, expandable to 22MB or 78MB o Al ')'_- nortekul.co.uk
Data record 40 bytes : NoamexUSA . :
Diagrastic record 40 bytes L Tel:#1 760-510-5922
,:i / Fax: +] 760.510-592
T Ln : E-mall: inquiry@nortekusa.€om
DC input 3-16VDC 215 for mounting wWww.nortekusa.com’
Peok current 1A &t 12VDC {user adjustable] ; ,
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DIRECTIONAL WAVEGUIDE (RADAC)
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Wave & Tide monitor WaveGuids

TERMS & CONDITIONS

Prices
Quotation validity
Delivery time

Packing

Payment

Guarantee

Country of crigin

Euro's, Net, Excluding V.A.T.
50 days.
6 weeks after written receipt of order,

Estimated packing details for SmartRadar WavaGuide:

- Net weight :15kg
- Grossweight :20kg
- Volume g12m?

50% at mornent of order
40% within 30 days after delivery

12 months after delivery .

The Netherlands.

June 2004 5¢f5 Radac
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Wave & Tide monitor WaveGuide

General description:

To measure the waterlevel accurate while the water surface varies millimeters on a yearly scale {sealevel rising)
to many meters on a seconds scale (sea waves) requires a robust and accurate sensor with very good zero point
stability. The WaveGuide fulfills these requirements.

Recently the Dutch government (Rijkswaterstaat) evaluated the Radar Level Geuges available at the market.
They concluded in their final report that the measuring principle is that stable and accurate that it can replace
their stilling wells (standard equipment for measuring sealevel rising and tides) and their stepgauges (the
standard for measuring waves).

The WaveGuide is based upon Enraf's Smartradar. Stability and durability for uninterrupted operation is
guarantzed by the large quantities sold in the petrochemical industry and the harsh environment the sensors are
designed for.

The WaveGuide range of products consist of sensors, software and additional hardware.

The WaveGuide sensor ( Enraf’s Smartradar ):

1. Application of advanced and proven technologies:

SmartRadar is a level gauge originally developed for accurate tank inventory measurement. Enraf has
obtained a large number of certificates for SmartRadar under which approvals for custody transfer. Over
2000 units have been installed under sometimes extreme conditions, which makes it a proven
technology.

2. Also suitable for huge waves

The SmartRadar is a FMCW radar. With each radar sweap (up to 5.12 Hz) a radar reflection diagram
over the total range of the instrument is generated. No filtering techniques are used to keep focussed on
the level. Other manufacturers use a moving frequency window to follow level. When the level changes
to fast it can happen that the their wave radar 'looses’ level. With the WaveGuide this cannot happen
because no filtering windows are used.

3. Remote service faciliies

Via the Service Tool the WaveGuide can be serviced via all kind of facilities. Direct connection with a
laptop, dial in via GSM modem and via a TCP/IP network with the WaveGuide Server.

4. Low Power
The sensor uses less than 6 W, allowing it to be powered from solar panel

5. Pianar artenna techniology:

SmartRadar WaveGuide is equipped with a 8" planar radar antenna (F08).
Planar antennas are the most advanced antenna types available today, giving optimal measuring results.

6. Excelflent long term stability, no recalibration required
SmartRadar WaveGuide uses 100% digital signal processing. The lack of analog components
guarantees long term stability. With SmartRadar used for custody transfer, long term stability of 3 mm
over a prolonged period is required!
SmartRadar WaveGuide does not require compensation/correction for changes in temperature, humidity
or other factors.

7. Explosion-proof certified

Standardisation on WaveGuide is not limited to safe areas. WaveGuide complies with international
standards for use in hazardous areas. CENELEC, FM and many other certificates are available.

June 2004 1of 5 Radac
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Wave & Tide monitor WaveGuide

8 No maintenance
The WaveGuide has no direct sea contact nor any moving parts, which limits maintanance requirements
to the absolute minimum

9 Safe and reliable under alt weather conditions
WaveGuide is provided with a unique lightning protection system using galvanic separation to avoid
damage during thunderstorms

10.High reliabifity

WaveGuide has extended seif diagnostics continuously guarding the reliability of the measurement.
Preventive maintenance or service is not required. Using WaveGuide is a matter of install and forget.

WaveGuide Server

WaveGuide can be connected via a WaveGuide Server (WGS}. The WGS {a small box with an embadded PC
running Linux) couples the Waveguide to the outside world {eg. Via a radiolink, GSM modam or standard TCP/IP
network}. This gives all the facilities of remote operation as:

— Remote service (trouble shooting and scoftware updates from any location) via a standard webbrowser

- Processing at datalogging at the WaveGuide Server. Archiving and presentation at any computer within the
network via a standard webbrowser (2.g. Internet Explorer). The analysis software includes the SWAP
program {Standard Wave Analysis Program) in accordance with tha Rijkswaterstaat and E&P forum
requirements. Dzata can be stored in dayfiles. Actual and historical data can be downloaded and presanted
anywhere within the network.

— Datadistribution. A user can subscribe himself to real time data (raw data or processed parameters). The
data will be send by the network (TCP/IP messages) , via a comport or over 50km via a HF radiolink

- More Waveguides can be added easily by adding more comports.

— A GPS receiver (optional) for exact time stampling and synchronisation of measurements. (A must for
wavedirection measurements).

- A GSM modem (optional) for communication via SMS messages.

June 2004 20f5 Radac
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Wave & Tide monitor WaveGuide

Technical description

SmartRadar LT level gauge type MRAG973YZBR1205.

(WaveGuide for Waves and Tide) SmartRadar consists of ane compact housing with antenna The instrument
accuracy is better than +/- 1 cm.

- Weight :11kg

- Dimensions : diameter 250 mm x 400 mm

- Cable entries . 3 pieces 3/4" NPT

- Mains supply - 110-220 V, 50/50 Hz (24-64 V-DC also available) 6W

- Explosion proof

- Housing material

- Lightning protection
- Field communication
- Ambient temp. range
- Storage temp. range
- Operating frequency
- Signal processing

- Planar antenna

- Antenna material

: Class 1, Division 1, Groups B,C.D T4, according to NEMA Type 4
: chromatizad aluminum

. fully galvanic separation via transformers

: RS222 (RS485 also available)

. -40°C to +65°C

: -50°C to +85°C Antenna Umit:

: X-band (3.15 to 10.85 GHz)

: Digital Signal Processing (DSP)

: FO8 for mounting in free space

. stainless steel AlSI 316 and FEP

- The antenna stem length :5¢ecm.

- Measuring principle : FM synthesized pulse reflectometer
- Measuring resolution 13 mm

- Transmitting resolution 210 mm

- Measuring range is :0-80m

- Sample frequency :20r2.56 Hz

WaveGuide Server

The WaveGuide Server couples the Radar to the computer of the user via, compact Flash card, LAN, comport,
telephone line, mobile telephone or HF radio,. The unit is not explosion proof, so it shall be installed in a weather
protected and safe area. The WGS has a CAN, RS-485 or 232 input for connection with a WaveGuide sensor a
RS232 port (for connection with a laptop or GSM modem ) and a standard network connection (RJ45) for linking
into a TCP/IP network. More WaveGuide sensors can be added to one WaveGuide server by adding an extra

comport.

L

WaveGuide Server option " tide processing/datalogging

- Real time processing to waterlevel parameters: Several averaging periods selectable.
- Datalogging at a Compact Flash card (up to 1 Gigabyte of data)

+ Real time data transfer to registered users.
» Presentation and archiving on several computers in the network via a standard webbrowser.

WaveGuide Server option " Wave and tide processing/datalogging "

Same as the " tide processing/datalogging * option
+

- Processing to wave parameters (mean wave height, significant wave height, maximum wave height
and energy density spectrum a.o.) the standard Rijkswaterstaat method is used.

« Subsets of parameters can be selected for storage and distribution.

+ The user can adjust the period (20 minutes is standard) and the interval (1 minute is the minimum).

June 2004 3of5 Radac
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Wave & Tide monitor WaveGuide

Price summery

tem Type Euro
{ex VAT)

1 WaveGuide Waterlevel/ Tide  with FOBantenna 6.200 -~

2 WaveGuide Waves and Tide  with FO8antenna 14.265 -

3 WaveGuide Server 22215 [0

4 WaveGuide Server option “tide processing/ datalogging” 1.200.--

5 WaveGuide Server option "wave and tide processing/ datalegging 2.500,--

June 2004 40f5 Radac
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Wave & Tide monitor WaveGuide

TERMS & CONDITIONS

Prices s Euro's, Net. Excluding V.A.T.
Quotation validity : 90 days.
Delivery time : 6 weeks after written receipt of order.
Packing : Estimated packing details for SmartRadar WaveGuide:
- Net weight 115 kg
- Gross weight 20 kg
- Volume :0.12m?
Payment i 80% at moment of order
40% within 30 days after delivery
Guarantee : 12 months after delivery .
Country of origin : The Netherlands.
June 2004 50f5 : Radac
Wave measurement instrument MVDB/04453/1309
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e SM-050 Mklll
'Wave & Current Radar

Designed for Remote Measurement of:
- Directional Wave Spectra
» Surface Current

Available for:
* Fixed Platforms
- Floating Structures

The SM-050 Wave & Current Radar System provides:
» Ease of Operation » High Reliability
» Excellent Data Quality  » Low Maintenance Cost

Miros A/S, Solbraveien 32, P.O. Box 344, NO-1372 Asker, Noiway.
~ Tel: (+47) 66 98 7500, Fax: [+47) 64 90 41.70°

E-mail: office@miros.no = Web site: www.miros.no
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Designe_d for Remote Measurement of:
- Directional Wave Spectra
-+ Surface Current

Available for:

» Fixed Platforms
- Floating Structures

The SM-050 Wave & Current Radar System provides:
» Ease of Operation  High Reliability
 Excellent Data Quality = Low Maintenance Cost

Muos AfS, Solbraveien 32, P.O. Box 384, NO-1372 Asker N o:way
: el (+47) 6698775 00; Fax: (+47) 66 90 41 70 _

E-muail: office@miros.no Web site: www.miros.no
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UNIQUE CONCEPT

The SM-050 Wave and Current Radar is a unique
high performance remote sensor for measurement of
directional wave spectra and surface current. it is the
only sensor in the world utilizing dual footprint pulse
Doppler methed for wave measurements, and
microwave dual frequency method for measuring
surface current.

PROVEN TECHNOLOGY

The radar was orginally developed in the early
1380's. It has been thoroughly tested and keot
continuously updated to meet latest requirements.

Mklll ENHANCEMENTS

The present Mk lll version ancompasses a naw Digital
Signal Processor and upgraded Cabinet for the SM-
050/3, improving performance and reliability of the
radar. The software is in addition totally redesigned
with improved algorithims and user interface.

VERIFIED ACCURACY

The accuracy of the sensaor has been verified in a
number of independent comparisons. The data quality
is al the same level as high performance buoys, but
with higher availability.

PENETRATES PRECIPITATION

The selected frequency of operation ensures a very
high degree of penetration through precipitation and
sea spray, and provides accurate measurements in all
harsh weather situations. This is a unique feature of
the SM-050. Remote wave measuring systems based
on other technics, such as marine X-band radars, do
have operational limitations during precipitation
periods.

HIGH RELIABILITY
The previous MKk Il version has proved to be a reliabie

sensor. Mk Ill enhancements will bring the sensor one

significant step further.

EASE OF OPERATION

The radar operates fully automatic. Operators will
within short time be familiar with the radar user
interface..

EXCELLENT SERVICE ACCESS

All major components in the radar are easily
accessible. Comparable sensors are normally
deployed in the sea, making service ledious and
expensive.

LOW OPERATING COST

The radar is all solid state without magnetron or high'
frequency lubes. It has (excepl for a few fans) no
rotating parts. Operating cost is consequently very
low.

FLOATING STRUCTURES

The SM-050/3 has to be fitted with an optional Motion
Reference Unil (MRU) when applied on floaling
structures such as semis, drill ships, FPSOs, FSUs
etc. The radar with MRU is designed for use on
stationary units, but reasonable measurements may
be obtained during transit at speeds up to 6-8 knots.
The MRU may also be utiized for motion monitoring.
(Motion Monitoring Systems, including Helideck
Menitoring are available from Miros AiS.)

i { n
i i ,/"' =
ok
ALl D e
SM-050/3
WAVE & CURRENT
RADAR
JUNCTION
BOX
OUTDOOR
INDQOR
Optional
~DR—p | TERFACE
<222 UNIT

© _ _—I1 5]

N —
DATA PROCESSING
AND
DISPLAY COMPUTER
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PRINCIPLES OF OPERATION

The radar observes the ocean surface in a semi-circle
at a distance of 180-450 m depending on the
installation height. Recommended mounting height for
the SM-050/3 is 20 to 100 m above sea level, on a
location which provides a minimum of 180° clear view
of the ccean surface.

Six 3C° sectors are scanned in seguencs. The
observation footprint is 75 m deep (horzontally),
Oostrustions between the radar and ths footprint
{supply vessels etc) should be avoided.

The radar frequency has been chosen to obtain a
strong echo from the capillary waves. They are
normally present at wind speed above 2 m/s.

RADAR INSTALLATION

The SM-050/3 is easy 1o install. The unit is filted with 5
m catle tails which enables installation without
accessing the interior of the radar. Optional Pedestal
and mounting Skid are available to optimize the
instalialion and hence reduce installation time.

OPTIONAL SHOCK ABSORBER

An optional Shock Absorber Kit is available for the
SM-050/3. The kit is recommended for vessels wilh
heavy motions.

OPTIONAL COOLING

An oplional Sun Shield is available to reduce solar
heating of the radar. An active Cooling Unit may
additionally be .installed when ambient temperature
exceeds 30°C.

COMPUTER

The Wave & Current Radar Processing & Dispiay
Computer is a standard PC with connection to the
Interface Unit and a LAN connection to external
systems which may access files for realtime use. Real
time data may in addition be transmitted on a serial
line. The PC is squipped with CD-RW device for
historical data archiving. Marinized andfor 19" rack
mount versions of the computer are available on
request.

SOFTWARE

The SM-050 Mk!ll software package is highly maodular
and encompasses sophisticated algorithms for filtering
and processing of data. A single user data display
application is included.

QPTIONAL INPUTS

The Computer may reczive heading, speed, time and
position data on NMEA format for logging with the
measured wave and current data by use of optional
software.

USER INTERFACE

The user interface is configurable and provides
different types of visuglisation, such as lamge single
parameter windows, parameter tables; historical
graphs with zooming capabilities, 2D & 3D directional
spectrum, frequency spectrum etc.

SYSTEM MONITORING

Alarms and system status are presented to the
operator. Maintenance personnel will find useful
information for fault location and rectification.

UPGRADE POTENTIAL

Optional software will enable expansion to a full
MetOcean system with interfaces to a number of
sensors. The upgrade includes full integration with an
SQL database (Oracle) and easy to implement
LAN/AWAN presentation of data to a high number of
users.

Typical Display configuration suitable for daily planning of activities
influenced by the sea state.
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ﬁveraglng m1e "-Grnlnutes dafault

. SM 05013 Spemﬁcatmn

Phys:cal Specnf:cahon ; Electrical Specifications
He.gh.t s 870 mmy - (900 mm:t) ' Frequercy of oparation; 5.8 GHz
ot Els e L 000 mim '(]100 mm *) o i Fulsa Bandwicth: . ' 20MHz - |
JCOmm - (3BOmm=) b '\ Antenna Beamwicth: - ' 24*(3dB)
85kg - (125kg'} Sk s Antenna Gain: £..18d8
Aluminum Al 575 ) i MNumber of Anteninas, 6. -, i B el
¥ Enamelled - 53 Transmitted Power; 10W pesk, 275 m\W average
Colour: Gray RAL 7035 Powsr Requiremants: 110- 23DVAC, 47 - 400 Hz -
; Powar Consumption: <200W (<S00W")
Environmental Specification . EMC EN 50081-2:1993 (Emission)
Temperattie: A510 430°C (#40°C ) EN 50082-2:1995 (immunity)
Humidity; 0-100 %RH
Cabinet: - IEC IP-B6 1
Wind Ratirg: <75 mis * With opticnal Cooling Unit and Sun Shield: .
lnterface Speciﬂcation
Serial Output SR  Optional inputs i
RS-422 ASCI coced, 5600 bis ] v 5 Heading: RS-422 NMEA (HDT sentence)
Miros. DF-022 format : a s Fosition: RS5-422 NMEA (GLUGGA sentence)
. Track & Speed; RS-422 NMEA (VTG sentence)
Files-available via LAN Date & Tima: RS-422 NMEA (ZDA sentence)
Raw Data: Miros DF-025 format d
Spectrum; Miros DF-038 format
Scalar Parameters: Miros DF-037 format
Scope of Delivery
Standard System Delivery includes : Optional tems for SM-050/3
\Wave & Current Radar SM-O50/3 Motion Compensation Kit (MRLU)
Outdoor Junction Box (JB) Ceoling Unit
Indear Interface Unit (1U) : Sun Shieid’ _
Data Processing and Display Computer with Software Shock Absorber Urit
Single User Data Display Software Licence Pedestal
One setof Handbooks Shkid
Soft “and Ha ibaot on CD (for software re-installation) -

5 m Cables from U to Computer Cables from JB to IU-and from JB to mains

Marinzed Computer

Available Services o 19" rack solution for Computer and 1LY
Installation and Commissioning ; Spare parts: i3 i
Remote. Supervlmn wvia Internet. Upgrade to full MetOcean Sysiern incd Motbn Monitoring

Pos:prwasau‘lg vetification and analysis of data
' Miros PJS, Solbrdveien 32, P.0.Box 364,
NO-1372 Asker, Norway. _
Tel. (¥47) 66 98 75 00, Fax: {+47) 66 90 41 70
_ E-mail; office@miros.no - Web site: www.miros.no
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i :WAVEX

Mcmne Rcrdc:r che Exfrcrc’ror e

i TH_E o’NJUNE WAVE'MON;TORING SYSfEM _FOR VESSELS WHERE SAFETY
| AND OPERATIONAL EFFICIENCY IS A MANAGEMENT PRIME CONCERN

3 A/S, Solbréveien 32, PO. an364"31372 Asker,
) Te!'+47’6£|9875 - Fax:
E-mail: ofﬁce@mlrus.no- Web' sdehHF [ fwrarwmiros.no.

MVDB/04453/1309
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: 2 Iﬂd Sl'!'iooﬂﬂel' pUJSCIgBS
e Improve regularity

IROS in 1988 90 Cl"'ld pmwded for research purposes. A cooperarion
na Rederi' AB.was entered into and Miros developed during 1996- 99
S"in fransit, offshore uniits-and shore sites; The: system’ has been
verification program in the North Sea col :
nce sensor for a period of about one year. The pr
WVEX system. WAVEX is now a very useul !oo] cyic
d real time information on wave parcmele rs being
cble as an option.

s especially helpful in heavy weather and durrng the

It enables the ship’s crew to monitor the sea

ad provides information regarding
' ézea&\ar and wave heights. The crew

| speed and course without waiting

: f cﬂshvre ms!uucrhons WAVEX anhcmcas :

Wave measurement instrument MVDB/04453/1309
Final report -203 - November, 2004




DATA PRESENTATION

USER ORiENTED SOFTWARE

WIS Wae i . Sampling Modr Banial || e ; "-': i el had High Seaed Vst

e,
2l !

| timnyd ]
nemiay'if
Dheziay 7
thaaval]

number of doicr wmduws can be urrunged in cmy
nd the set-up saved: for easy uvmlobd ty: :
single parameter windaws bt
'doul:l : pammerer hlsTory dtugmms
fee lis i

* Primary wave peak period
Primary wave velocity

Primary wave length

- Primary wave peak direction
Total energy peak-direction
Total energy’ directional spread
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SVASEK

ency sweep esc:ilalor v.;th abso!ute frequem.y l\neamy

: eq
: Trxe senser therefofe prc w:.los '1ccurate 'ange measurements and mgh long: term stablht

cy roper

vill not cause measursment prcblemsL

i .The se' or sngnal proces ng is performnd by a m:cro-control!er Tha

o sensor provldes the measurad: range as well as an averagedirange:

: :_-umm 1. min resolulmn Avnraglng time constant may be s ected by IIJ9=‘F
2 be |

: 'S'péctﬁcations :

; Mtcrowave Transceiver :
Modulation: - Triangular FM
. Frequency: 9.4-D8GHz
Output power: 0.25 mW (-6 dBm)
Wide Beam Antenna | { :
Beam width: 10‘" {-3 dB one way)
Gain: & dB
Range: SM-U‘?M 10: 1-10m
SM-094/20W: 1-20m
Narrow Beam Antenna )
Beam width: 5°{-3 dB one way)
Gain: > 24 dB
Range: SM-094/20N: 3-20m
SM-094/50: 3-50m
Sh-094/85: 3-85m

Measurement Error
Individual measurements: <1
Averaged measureements: <1 mm

Power Requirements .
Voltage: %22- ;32 VDC {nominal 24 YDC)

Current:
Environmental
Temperature: -30-+509C
Humidity: 10 - 100 %RH
Housing . .
Material: : Aluminium AL57S
Finish: Enamelle
Colour:

. gray. RAL 7035 o
Ingress protection: asigned to meat |IEC (PGB

Miros A/S, Solbraveien 32, P.O. Box 364, 1372 Asker, Norway.

; Phystcat ; i
Dimensions: 70 x 510 x 420 mm {HxWD)
Weight: Tkg
Digital Signal Output '
Interface: RS-422 (optionally RS-232)
Cada: ASCI
Baud rate: 2600
Data bits: 8
Stop bits: 1
anity: None
Data'rate: SM-094/10: 2*. 4 or 8 Hz
Sh-094/20: 2" ord Hz
SM-094/50: 2 Hz
SM-094/85: 2 Hz
or polling mode
Data format: aa.aaa<HT>mrr<CR>=<LF>

aa.aaais measurad range [m]
rr.rrris 10 min averaged” range [m]

Analogue Signal Output (optional)
Ratr 0-10V {0 mto full rangs®)
Lo > 1200 oh

Current
Band width: 2 Hz

* factory sattings, user programmable

Mote:  Specifications are subject lo change without

prior notica.
DB/095 rav. 03

Tel: +47 66 98 75 00, Fax: +47 66 9041 70

E-mail: office@miros.no, Web snte WWw. miros. no.
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LOG_aLEVEL (GENERAL ACOUSTICS)
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LOG aLeveI

Autonomous Remote Sensmg
of Water Level and Waves

LOG_alLevel® is 5 complete, remote sansing, stand-alone
water level gauges on the basis of ultrasonic sensors with
solar power supgly {optional wind generator} and wiraless
data transmissicn

~The System works automatically and is independent of

any external connactions.

: H‘:gh performances ultrasonic sensors guarantee rabust,

reliable, fast and zracise measuremsants of all kinds of

swater level and its dynamics (up to steep waves).

Y _To guarantee the highest measurementand data se_curity; :
- alevel of redundzncy can be built into the system.

Flood warning and p
;Ti_dg'rr_):onit;ir_in‘} ¢
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LOG_alevel
'Autonomou:.“Rembt"e"Sen"sing
‘of Water Level and Waves

Maintenance free lead gel battprv, 12V 45 Ah
up to 14(3 Ah (if n.qu:rr:d) :

Radio; telephone modem;, GPRS (ranging froniiremote

on/off over status monrtormg up/to a complete remote

control with. data transmission over a transparent linei
“and data server @www‘,

| Wind gauge(acoustical or mechanical)
: (other sensors. on request)

r it Eqmpment :
equipment. accessories |

Controller . .+ . Power supply module

Ultrasonic level sensor Data storage moduie
Sound velgeity probe Communication module .

Interfaces output/input Timing Module:
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Sensors

The Micas WTR is fitted with a choice of resonant guariz or strain
gaupe pressure sensors. and afast response PRT temperature
sansor as standard. Note that whilst the resonant guartz sensor
offers a higher absolute accuracy, the quality of wavs cata owes
mare to deployment location and sampling pattern than 1o sensor
performance. Oplional additional sensors include Cordudtivity and
Turbigily (others available on raguest).

Sensor Type Range | Accuracy Resolution
Pressure Resonant 65psi

high accuracy) Quarz |(35m waten| *001% | 0.001%
Pressure Strain 50dBar .
{standard) Gauge |(40m waten)| 0-1% | 0.001%
Temperature PRT -5to +35°C| +0.01°C 0.005°C
Conductvity Inductive 0-80 +0.01 0.004
(optional) Coils mS/om mSicm mS/em
Turbidity Seapoint | 0 - 2000 4291 0.005%
(optional) STM FTU Scale

Data Acquisition

In order to comrectly measure wave activity, Linear Wave Theory
revjuires a specific number of data points lo be sampled over a
period of time. These data points are then processed on board the
instrument o generate an accurate summary of the wave activity
during the measured period. The Mipas WTR therefore operates in
a stricl pattern of “sample, process, sleep”, with the user controlling
the number of samples and the sampling rate, together with the
duration of the sieep period. This may be minimised for almost
continuous sampling, but obviously at the expense of battery and
memary usage.

Sample Rate: 1, 2,4 or BHz.

No of Samples: Powers of 2, 128 - 4096 (more samples = belter cata)

Cycle Time:  Minimum cycle fime is neares| whole number of
minutes after processing has finished.

Defay Start:  Instrument can be programmed to begin sampling
at a specific tima.

Conditional:  Wave Sampling only occurs if pressure activity
exceeds a defined level.

Electrical

Intemat: 32 x D cells, 1.5v alkaline or 3.6v lithium

External: 9-30vDC

Power: 0.7W (sampling), <1mW (sleeping)

Battery Life:  Depends on sampling setup, typically:
>2 months operation (alkaline)
>5 months operation (lithium)

Connector: Subeconn Titanium MCBH10F

Valeport Limited, St, Peters Quay, Totnes
Tel: +44 (0}1803 859202 Fax: +44 (0)1803 868293 E-maik:

forea export

Mipas WTR

The MipAas WTR replaces the old Model 730
Wave Recorder. Whilst continuing to use the
proven Linear Wave Theory wave analysis
method, the MipAs WTR benefits from Valeport's
latest sensor measurement technology, together
with 64 bit data processing, and an improved
range of sampling options. USB data upload,
quick change battery carousel and intuitive
operating software make the Mipas WTR one of
the most versatile yet easy to use pressure .
based wave recorders available.

Communications
Thea instrument will operats autonomously, with setup and data
extraction parformed by direct communications with PC béfore and
after deployment. Italso Dperales in real time, \Mlh hdn_e of yiin

stancard and salectad by pin choice on the ouput-:n i
Use For rapid upload or laptops without sarf

RS5232 Up to 200m cable, di
R5485 Up to 1000m cabls,
RS422 Up to 1500m cable. addressa
Baud Rate: 2400 - 11§
Protocol: ! :

|nstmmem selup data
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APPENDIX G POSTAL ADRESSES OF THE INTERVIEWERS

Name MIROS A/S RADAC B.V. Aqua Vision BV

Address | P.O. Box 364 Zomerluststraat 4 Servaasbolwerk 11
NO 1372 Asker 2012 LM Haarlem 3512 NK Utrecht
Norway The Netherlands The Netherlands

Phone +4766987500 +31(0)235518853 +31(0)302459872

info@radac.nl

info@agquavision.nl

Mail office@miros.no

Sonar Research and Development

Name Qmetrix BV General Acoustics GmbH
(SRD)
Address | P.O. Box 7435 Dorfstrafle 57 Unit 1B
2701 AK Zoetermeer 24107 Ottendorf Grovehill Ind Estate
The Netherlands Germany Beverley

East Yorkshire HU17 OLF United
Kingdom

Phone +31(0)793165314

++49 (0)43151808181

+44(0)1482869559

Mail Sicco.kamminga@agmetrix.nl hbalzerek@generalacoustics.com Allan.mcclaud@srduk.com
Name Bakker &Co Datawell BV Etrometa BV

Address | Gildenweg 3
3334 KC Zwijndrecht
The Netherlands

Zomerluststraat 4
2012 LM Haarlem
The Netherlands

Kerkewal 49
8401CH Gorredijk
The Netherlands

Phone +31(0)7861011666

+31(0)235316053

+31(0)513463435

Mail Espoelder@bakker-Co.nl sales@Datawell.nl jbleenhouts@etrometa.demon.nl
Name B. Blok J.H.M. van Doorn E. Bouws
Address | WL-Delft Hydraulics RIKZ (RWS) KNMI
P.O. Box 177 Postbus 20907 postbus 201
2600 MH Delft 2500 EX DEN HAAG 3730 AE De Bilt
The Netherlands The Netherlands The Netherlands
Phone +31(0)152858585 +31(0)703114606 +31(0)32206888
Mail Bas.blok@wldelft.nl Jhm.vdoorn@rikz.rws.minvenw.nl bouws@knmi.n|
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Name J. Kokke H. Krogstad H. Peters
Address | RIKZ (RWS) Scientific Advisor North Sea Directorate (RWS)
Postbus 20907 Alfred Getz vei 1 P.0.Box 5807
2500 EX DEN HAAG N-7034 Trondheim 2280 HV Rijswijk
The Netherlands Norway The Netherlands
Phone +31(0)703114515 ++ 47(0)73593536 +31(0)703366666
Mail j.m.m.kokke@rikz.rws.minvenw.nl | Herald krogstad@math.ntnu.no h.c.peters@dnz.rws.minvenw.nl
Name J. Vogelzang R. Kleine B. Ruessink
Address | AGI (RWS) RDIJ (RWS) IMAU
Postbus 5023 Postbus 600 Postbus 80005,
2600 GA Deilft 8200 AP Lelystad 3508 TA, Utrecht
The Netherlands The Netherlands The Netherlands
Phone +31(0)152757575 +31(0)320264242 +31(0)302532405
Mail i.vogelzang@agi.rws.minvenw.n! r.kleine@rdij.rws.minvenw.nl g.ruessink@geog.uu.nl
Name A. van Dongeren E. Cornelissen A. Verhagen
Address | WL-Delft Hydraulics DZL (RWS) LogicaCMG
P.O. Box 177 Postbus 5014 P.O. Box 187
2600 MH Delft 4330 KA Middelburg 2501CD Den Haag
The Netherlands The Netherlands The Netherlands
Phone +31(0)152858585 +31(0)118686469 +31(0)703029302
Mail Ap.vanDongeren@widelft.nl e.w.f.cornelissen@dzl.rws.minvenw.nl Louis.verhagen@logicacmg.com
Name H. Niemeyer
Address | Niedersachsisches Landesamt fiir
Okologie
An der Mihle 5, D26548
Norderney/East Frisia
Germany.
Phone | +49(0)4932916141
Mail Hanz.niemeyer@nloe.niedersa

chen.de
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