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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 selis 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: F.O.Box 7435 
2701 AK Zoetermeer 

Phone: +31 79 3165,314 

E-mail: Siccokammingagmetrix.nI 

Filled in by: Sicco Kamminga 

Which wave measurement instrument(s) does your company seIl? 

Nortek - AWAC, 
Nortek AquaDopp, 
Nortek - AquaDopp Profiler, 
Nortek - Vector 

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. 

What is the brand(s) of the(se) wave measurement instrument(s) (1f your com oanv  
set/s more than three different brands of one instrument, then please list only the three 
most suitable for wave measurements on the IJsselmeer or S/otermeer (see 
accompan ving 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. 

Which materials the wave measurement instrument(s) consi.st of? 

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

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

See attached drawing 

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

The energy consumption depends strongly on the instrument configuration. 

How many days can the wave measurement instrument(s) measure non-stop wth 
internal batteries and memorv (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) 

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. 

What is (are) the price(s) of the wave measurement instrument(s) (inciude the 
technical specifications)? 

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

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. 

What does the outpuf data consist of (e.g date, wave height, wave djrecjgp 
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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Is It pos.sib/e to transfer the output data (for example with GSM/Satel transmjtters 
(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. 

Does the wave measurement instrument(s) measure continuously (3600sec/fi 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 rneasured with f.e. an 
averaging period of 60s. The wave interval could be 1200s   or larger in this case. 

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. 

How much output data can be stored by the wave measurement instrumen( 
(MB)? 

154 MByte (2 MByte is standard) 

Please specify any critical assumptions and con versions 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. 

What is the accuracy of the wave measurement instrument(s) (wave periods_(p 
Tp, TmOl) and wave heights), please specifv? 

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. 

Can the wave measurement instrument(s) accurately measure at a sample 
freguency of 4 Hz? 1f not is it possible to adjust the instrument(s) to such a freguen2y 

The vertical acoustic beam (wave height) samples at 4 Hz. The other beams sample 
at 2 Hz. 
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What are the resolution and range (cm) of the wave measurement instrument(s) 
and do they fit into the reguirements of a reso/ution (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. 

What is the wave freguency range of the wave measurement instrument (j 

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

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. 

Can any measuring or processing errors be expected during asymmetricor 
breaking waves? 1f 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 / Iength 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 bubbies 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 resuits. 

Is It possible to check the performance and accuracy of the wave measurement 
instrument(s) in the field without removing It, and ifso how? 

1f the instrument is operated online all data is available to the user and checks can be 
made. 

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. 

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 pro perly 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. 

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. 

Is there any other relevant information about the wave measurement instrumenj( 
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 IJsselmeer and Slotermeer (see accompanying 
letter). So 1f your company seils more then one wave measurement instrument 
suitable for these measurements please answer all the questions for each wave 
measurement instrument. 

1. Company specifica t/ons: 

Company name: General Acoustics GmbH 

Address: 
DorfstraRe 57 
24107 Ottendorf/Germany 

Phone: ++49 (0) 431 - 5 80 81 81 

E-mail: hbalzerek@generalacoustics.com  

Filled in by: Dr. Heiko Balzerek 

Which wave measurement instrument(s) does your company seli? 

LOG_aLeve l® :  Autonomous Remote Sensing of Water Levels and Waves 

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 onhine. 
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. 

What is the brand(s) of the(se) wave measurement instrument(s) (if your 
company selis 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 
accompan ving letter)): 

LOG_a Level®  
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5. The wave rrieasurement 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 baffery (accessories) 

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

Housings: stainless steel 

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 (1 00x50 mm in size) needs clearance of 1,50 m form disturbing reflectors 
within the signal path 

- 	Sound velocity gauging (size 200 mm) 

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

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

How many days can the wave measurement instrument(s) measure non-stop with 
intern al batteries and memorv (so 1f autonomously)? 

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

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

Due to the fact of contacfless measuring from above the water level the system is free 
of icing, soiling and pollution 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. 

What is (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; con nector cable 2 m 

Sound velocity reference gauge (sensor REF 200) 
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Controller module for signal processing and sensor control/data acquisition (mci. 
timer) 
Digital data transfer via interface RS 232 

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

yes 

What does the output data consist of(e.g date, wave height, wave directioj 
etc)? 

Data stream consist of a header and data row. Both are ASCII format and directly 
read ab Ie: 
- 	Header: time (eg. 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) 

Is It possible to transfer the output data (for example with GSM/Satel tran.smj( -ters 
(9600 Bps)) without interruption of the measurements? 

Yes 
GPRS also possible 

Does the wave measurement instrument(s) measure continuous/y (3600sec/h 
and 24h1day)? 

yes 

How much output data does the wave measurement instrument(s) produce in one 
day (MB)? 

Depending on the sampie rate 
5 Hz: approximately 24 MB 

How much output data can be stored by the wave measurement instrumeni( 
(MB)? 

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

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

Single potential mavericks - being labelled as such outlier - should be eliminated 
before calculation. 
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What is the accuracy of the wave measurement instrument(s) (wave periods 
Tp, TmOl) and wave heights)pIease specify? 

Resolution up to 1 mm 
Accuracy up to 1 cm (depending on measurement range) ??? 
The row data must be analysed by post-processing in order to achieve Tp and TmOl 
etc. 
In case of a demand the post-processing software can be offered, too. In additiori, 
service can be offered by General Acoustics. 

Can the wave measurement instrument(s) accurately measure at a sample 
freguency of 4 Hz? 1f not is It possible to adjust the instrument(s) to such a freguency? 

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

What are the resolution and range (cm) of the wave measurement instrument(s) 
and do they fit into the reguirements of a reso/ution (raw signal) which does not 
exceed 5cm 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 

Whatis the wave freguency 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 

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)2 

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

Can any measuring or processing errors be expected during asymmetric or 
breaking waves? 1f 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 isolateci pings might be possible. But a 
higher sarnple rate measurement serves as a kind of redundancy. 

Is it possible to check the performance and accuracy of the wave measuremenf 
instrument(s) in the field without removing it, and 1f so how? 

Yes. The data header, which can be received by telemetric transmission together with 
the logged data also carries status information, informing about the performance. 
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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 wont 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. 

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, 1 Os, 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_aLevel station. Together with the wave data the wind 
information appear in the header. 

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

Not necessary 

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

Yes. 

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

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

None. 
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Questionnaire with regard to wave 
measurement instruments 

Al] 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 selis 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 1B 
Grovehill Ind Estate 
Beverley 
Pct Yrkchr 	-41117 fl1 P 	1 Infr1 krrr1rrn 

Phone: +44 (0)1482 869559 

E-mail: alan.mccloud@srduk.com  

Filled in by: Alan McCloud 

Which wave measurement instrument(s) does your company seil? 

Digital Tide Monitor 

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 

What is the brand(s) of the(se) wave measurement instrument(s) (if your company 
selis 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)): 

Digital Tide Monitor 

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. 

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

The electronics control unit is manufactured from impact resistant Polycarbonate and 
sealed to 1P65. The transducer is manufactured from Black Ertalon. 
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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) 
Transducerwith ref bar: 165 (dia)x 91Omm (height) 

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

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

How many days can the wave measurement instrument(s) measure non-stop with 
internal batteries and memorv (so 1f autonomously)? 

Internal battery is only 1 .2Ah and can only supply power for 8 hours 
12v DC options are avaitable for external battery supply. 

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. 

What is (are) the price(s) of the wave measurement instrument(s) (inciude the 
technical specifications)? 

Standard Digital Tide Monitor (up to 12 metres range): £3,500 

Mounting tube (MDPE, up to 12 metres in length): £600 

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

Will be available before February 2005 (earlier 1f urgently required) 

What does the output data consist of (e.cj date, wave height, wave directiori, 
etc)? 

Site ID, 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. 

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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Does the wave measurement instrument(s) measure continuous/y (3600sec/h and 
24h/day)? 

Yes 

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 

How much output data can be stored by the wave measurement instrumeni( 
(MB)? 

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

Please specify any critical assumptions and conver.sions to evaluate the waves 
from raw signal which may effect the accuracy of the end resuits? 

None 

What is the accuracy of the wave measurement instrument(s) (wave periods 
Tp,TmOl) and wave heights),please specify? 

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

freguency of 4 Hz? 1f not is It possible to adjust the instrument(s) to such a freguepçy 

Yes 

What are the reso/ution and range (cm) of the wave measurement instrumen(j 
and do they fit into the repuirements 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 1 2m 

Whatis the wave frepuencyrange of the wave measurement instrument(s)? 

MW 

How robust is/are the wave measurement instrument(s) (like how Jarge is the risk 
that the instrument(s) or its electronics fails or becomes unreliable during a stor) 

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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Can any measuring or processing errors be expected during asymmetric or 
breaking waves? 1f so, how large are those errors, and what type? 

Information unavailable as yet 

Is It possible to check the performance and accuracy of the wave measurement 
instrument(s) in the field without remo ving It, and 1f so how? 

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

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

See 25 (above) 

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. 

After how many days should the wave measurement instrument(s) be cleaned in 
order to function pro perly and keer, measuring accurately? 

Never. Our systems are maintenance free 

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 (Huil) have a 
networked chain of our units. 

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 1f 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 specffications: 

Company name: Bakker & Co 

Address: 
Gildenweg 3 
3334 KC Zwijndrecht 

Phone: 078-6101666 

E-mail: Espoelderbakker-Co.nl 

Filled in by: Edwin Spoelder, sales engineer 

Which wave measurement instrument(s) does your company seli? 

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. 

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 ES en een verwaarloosbaar kleine 
hysterese) 
De druksensoren zijn een goede basis voor een dergelijk systeem. 

What is the brand(s) of the(se) wave measurement instrument(s) (1f your comppjj 
se/Is 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 
accompan ving letter)): 

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

The wave measurement instrument(s) consists of: 

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

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

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

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

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

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

How many days can the wave measurement instrument(s) measure non-stop with 
internal batteries and memorv (so 1f autonomously)? 

NVT, Paroscientific is enkel alleen de sensor. 

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. 

What is (are) the price(s) of the wave measurement instrument(s) (inciude the 
technical specifications)? 

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

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

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

What does the output data consist of (e.g date, wave height, wave directjon, etc)? 

De sensor is beschikbaar met twee verschillende uitgangsignalen: 
• Een frequentie uitgangsignaal met een amplitude van 6 volt piek-piek (Deze 

frequentie varieert als functie van de gemeten druk) 
• Een RS232 of RS485 signaal. Middels een communicatieprotocol worden de 

meetgegevens verstuurd. 

Is It possible to transfer the output data (for example with GSM/Satel transmjtters 
(9600 Bps)) without interruption of the measurements? 

NVT 
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Does the wave mea.surement instrument(s) measure continuously (360 Osec/h and 
24h/day)? 

zwam 

How much output data does the wave measurement instrument(s) produce in one 
day (MB)? 

NVT 

How much output data can be stored by the wave measurement instrumepÏ(J 
(MB)? 

NVT 

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

NVT 

What is the accuracy of the wave measurement instrument(s) (wave periods (pg 
Tp, TmQl) and wave heights).please specifv? 

ZIMA 

Can the wave measurement instrument(s) accurately measure at a sample 
freguency of 4 Hz? 1f not is It possible to adjust the instrument(s) to such a fregueiçy 

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

What are the resolution and range (cm) of the wave measurement instrumeni 
and do they fit into the reguirements of a resolution (raw signal) which does not 
exceed 5 cm and a range (HmO) 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. 

What is the wave freguency range of the wave measurement instrument(s)? 

NVT 

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 > 
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Can any measuring or processing errors be expected during asymmetric or 
breaking waves? 1f so, how large are those errors, and what type? 

NVT 

Is It possible to check the performance and accuracy of the wave measuremerit 
instrument(s) in the field without removing It, and ifso how? 

How large is the expected drift in the ca/ibration 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. 

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. 

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

NVT 

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

Ja. 

Is there any other relevant information about the wave measurement instrumenÏ( 
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 IJsselmeer and Slotermeer (see accompanying 
letter). So if your company seils 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 seli? 
1 Waverider SG 
2 Directional Waverider MKIII 
3 Directional Waverider GPS 

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

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

Direction Waverider MKlll 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. 

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 GRS-system. 
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SVASEK 

4. What is the brand(s) of the(se) wave measurement instrument(s) (1f your corn ppjj 
seils more than three different brands of one instrument, then please list only the three 
most suitable for wave measurements on the IJsselmeer or SlotermeerJç 
accompan ving letter)): 

All 3 instrument types are made by Datawell bv. 

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

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

Direction Waverider MKIII 
Stainless steel huli, 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. 

Direction Waverider GPS 
Stainless steel huli, 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? 

Waverider SG: 
Direction Waverider MKlll: 
Direction Waverider GPS: 

Al[ buoys are made of stainless steel AISI 316. Optional the hulI can be supplied from 
Cunifer-10, which does neither pit norfoul. 

T What are the physical specifications of the wave measurement instrumen)1 

Waverider SG: 
Direction Waverider MKIII: 
Direction Waverider GPS: 

Al] buoys are spheres with a diameter of 0.7 m, with a 2 m HF-antenna on the hatch 
cover. Weight: 100 Kg. Hulis with a diameter of 0.9 with longer lifetime are available 
as well. 

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

WR SG 0.27 Watt including HF-transmission 
DWR MKIII 0.38 Wall including HF-transmission 
DWR-G 0.90 Wall including HF-transmission 
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9.  How many days can the wave measurement instrument(s) measure nojjpp with 
internal batteries and memory (so 1f autonomou.s/y)? 

Buoy diameter: 
Waverider SG 
Direction Waverider MKIII 
Direction Waverider GPS 

0.7m 0.9m 
1.5year 3year 
1.0year 3year 
0.7year 1.7year 

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) (inciude the 
technical specifications)? 

Waverider SG 	 € 11,700 
Direction Waverider MKIII 	€ 22,500 
Direction Waverider GPS 	€ 17,200 

Prices are for the 0.7 m d;ameter versions mci. 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.g date, wave heipht, 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 tabie of statistical moments and correlations 
for all displacement signals is presented. 
SpectraI 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 spectrai 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-upeross waves are piotted chronologically or sorted by 
height (versus Rayleigh distribution). A contour plot of Wave height vs wave period is 
shown. Atable of Hmax, Hi/lO, 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 continuous/y (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) 

Up to 1 Gb 

18. Please specifv any critical assumptions and con versions to evaluate the waves 
from raw signal which may effect the accuracy of the end resuits? 

The Dataweli data processing has no critical assumption. The raw data is transmitteci 
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.g 
Tp, TmOl) and wave heights)pIease specifv? 

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

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 samp/e 
freguency of 4 Hz? 1f not is It possible to adjust the instrument(s) to such a frectuency? 

Waverider SG 	 10.24 Hz 
Direction Waverider MKIII 3.84 	Hz 
Direction Waverider GPS 10 	Hz 
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21. What_are the reso/ution and range (cm) of the wave measurement instrument( 
and do they fit into the reguirements of a reso/ution (raw signal) which does not 
exceed 5 cm and a range (HmO) of 5-200 cm? 

Waverider SG 	resolution 1 cm range -20m +20 m 
Direction Waverider MKJII resolution 1 cm range -20m +20 m 
Direction Waverider GPS resolution 1 cm range -50m +50 m 

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

Waverider SG 	is— 30 s 	1 Hz— 0.033 Hz 
Direction Waverider MKHI 1.6 s - 30 s 	0.6 Hz - 0.033 Hz 
Direction \Naverider GPS 	1.6 s - 100 s 0.6 Hz - 0.01 Hz 

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. 

Can any measuring or processing errors be expected during asymmetrjc or 
breaking waves? 1f 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 dear. 

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!) 

Furthermore, 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. 

Is it possible to check the performance and accuracy of the wave measurement 
instrument(s) in the field without removing it, and ifso how? 
Checking the motion with the crane on the deck of a ship with a handheld receiver is 
straight forward. 
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SVASEK 

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 % gein error to 2% gain error of measured value. 

What approach would you sug pest 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 (wwwsadac.nl) 
equipment, based on radar technology. The RM Young anemometer is regarded as a 
standard in harsh environment. 

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. 

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

RIKZ Den Haag, 

Theo Sijben 	 T.G.M.Sijbenrikz.rws.minvenw.nl  
Martijn Andernach 	M .Andernach©rikz. rws. minvenw. ni  

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

The requirement of measuring waves up to 0.7 s requires some attention. The 
wavelength (X=gT2/(2it)) 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 X. 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 sèrious 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 baig 90 cm 
Waveriders and Directional Waveriders are and will be used by RIKZ. 

In general we recommend RIZA to cooperate with RIKZ for measunng waves. RIKZ 
has decades of experience with Waveriders, and other wave sensors (ADCP of RDI 
and Stappen beek of Etrometa), and has, just like Dataweli, 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 IJsselmeer and Slotermeer (see accompanying 
letter). So 1f your company seils 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. 

Add ress: 
Kerkewal 49 
8401 CH Gorredijk 

Rhone: 0513463435 

E-mail: jbleenhouts©etrometa .demon .nl 

Filled in by: John B. Leenhouts 

Which wave measurement instrument(s) does your company seil? 

Stepgauge. 

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

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

Whatisthebrand(s)ofthe(se)wavemeasurementinstrumentLs)(ifyourcomp anv j 
selis 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 
accompan ving letter)): 

Etrometa stepgauge. 

The wave measurement instrument(s) consists of: 

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

The stepgauge sections and gauge head: Watertight PVC-inner tube 
covered with fiberg lass reïnforced polyester. 
SGE: Polyester box iP65. 

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

See enciosed manual "STEF'GAUGE FOR WAVE AND TIDE MEASUREMENT 
facultative with wind option E 46400 BL.55E, 9906" 

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

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

How many days can the wave measurement instrument(s) measure non-stop wth 
internal batteries and memory so 1f autonomously)? 

The SGE bas 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. 

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 
extemal dangers. Above that the mechanical installation packet gives the instrument, 
provided it is adequately installed, protection against collisions with service vessels, 
yachts, wreckage etc. 

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

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

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

Yes. 

What does the output data consist of (e.g date, wave height, wave direction, etcj 

See figure 4 of the manual. 

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 t's not time labeled. 
t will be roughly the double with time labeling. 

17. How much output data can be stored by the wave measurement instrumenj 
(MB)? 

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

18. Please specifv 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 scate, because the instrument 
actually consists of discrete sensing elements every 5 cm over its whole range. 
Finatly there are several error ch-ecks in the sensor as well as in the data processing. 

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 
etectrode is neither cumulating (positive or negative) nor repeating in the readings of 
other electrodes. 

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 (q 
Tp, TmOl) and wave heiphts),please specifr? 

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 
freguency of 4 Hz? 1f not is It possible to adiust the instrument(s) to such a freguençy 

4 Hz: is standard available. 
Adjustability: The sampting(rate) can be triggered from the data collection system up 
to a maximum of 10 Hz. 
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What are the resolution and range (cm) of the wave measurement instrument(s) 
and do they fit into the reguirements of a reso/ution (raw signal) which does not 
exceed 5 cm and a range (HmO) 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. 

What is the wave freguency 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 resuits 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. 

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 stormp  

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

Can any measuring or processing errors be expected during asymmetric or 
breaking waves? 1f so, how large are those errors, and what type? 

See answers to question nr. 18. 

Is It possible to check the performance and accuracy of the wave measurement 
instrument(s) in the field without removing It, and ifso 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. 

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. 

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 \NT\IVIS. 

28. After how many days should the wave measurement instrument(s) be cleaneçJjn 
order to function pro perly and keep measuring accurately? 

in common seawater one cleaning in the springtime of each year is sufficent. Cleaning 
can be done '1vith a brush on a stick from just above the water level. Experiences with 
fresh water applications are not ready availabie. They can be investigated 1f desired. 
Mmd there are just e few avaiiabie. (Rivers Scheidt and Loire) Re-painting the 
stepgauge sections anti fouhng paint: once every 3 years. Sections to be re-painted 
can be simpiy exchanged by spare ones thanks the mechanicai instaiiation packet. 
The iatter also grants maintaining of the eievation of exchanged sections because the 
mechanicai instaHation packet contains a fixed and stabie 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, Beigium and the United Kingdom. 

30./s there any other relevant information about the wave measurement instrumentj 
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 reiiability, low maintenance demanding and 
long iasting 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 	 Subject: Shallow water wave measurement systems. 
Company: WL-DeIft 
Hydraulics 	 Bas Blok is the successor of Jan van de Bunt and is chief of 
Phone: +31(0)152858585 	the "meetdienst" of WL-Delft Hydraulics. In the past (1989- 
Mail: Bas.blok@wldelft.nl 	1990) the software, wriften by Bas Blok, is used on behalf of 
Date: 31 August 2004 	the wave measurements with regard to the Dataweil 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 	 Subject: Measurements at the platform "Noordwijk" on behalf 
Company: RWS,RIKZ 	of the WACSIS protect. 
Phone: +31(0)703114606 
Mail: 	 Mr van Doorn was already informed about our project by J. 
jhm.vdoom@rikz.rws.minve Strake. He was very surprised that this project was not solved 
nw.nl 	 intemally but boarded out. 
Date: 31 August 2004 	His remarks about the wave measurement systems used at the 

WACSIS experiment were: 
• "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 paris). 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. 

• The EM! 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 stili 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 (mappingalso). 
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• 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 	Subject: Wave measurements af the Dutch lake Markermeer 
Company: KNMI 
Phone: +31(0)302206888 	Evert Bouws has performed wave measurements at the Dutch 
Mail: 	 lake Markermeer near by Lelystad (1983-1984) (see 
houwscknmi.nl 	 memorandum 1986, provisional results of a wind wave 
Date: 6 september 2004 	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 Dataweil 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 a 
a wave height measurement and probably has some 
documentation about this. 

Jos Kokke Subiect: Radar level and Radar "mapring" as a measurement 
technigue Company: RIKZ (RWS) 

Phone: +31(0)703114515 
MaiI:j.m.m.kokke@rikz.rws. As a result of the conversation with Mr. Van Doorn we have 

minvenw.nl contacted Jos Kokke again in order to get more information 
Date: 6 September 2004 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 measurementsb 
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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-
200 1-14). 

Name: Harald Krogstad 
Company: Scientific advisor 
Mail: 
haraId.krogstad(dmath.ntnU. 

Svaek: 
We (Svaek 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 no 
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.cal ). 

There used also to be European equivalents produced by 
Thorn/EMI, but 1 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 Vlugt 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. 

Svaek: 
We are interested 1f such a system is feasible also in respect of 
rainfali, spray and other weather related effects? 

Reaction: 
That is a bit more uncertain. We do have frequent occasional 
data drops, and 1 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 1 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 	As a result of the telephone conversation with Mr. Kokke we 
Company: North Sea 	have contacted Herman Peters. Herman Peters has a lot of 
Directorate (RWS) 	 experience with Radar level measurements. 
Phone: +31(0)703366666 	He refers to the report on RADAC measurements written by J 
Mail: 	 Kokke. He advised to take the Radar level measurement 
h.c.peters@dnz.rws.minven instrument of Endress Hausser into consideration. 
w.nl 	 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: 

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

relatief sterke potentieel negatieve invloed (signaal verlies dood 
absorptie en verstrooiing) van de tussenliggendê luchtweg door 
bijvoorbeeld mist, waterdamp, sneeuw, regen, opspattend water 
etc. Voor een laser met een golflengte van een paar honderd 
nanometer is die invloed veel sterker dan voor een mikrogoifrada 
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 uitval!) en nauwkeurigheid (variatie van dE 
lichtsnelheid) van de hoogtemeting. Je merkt al dat de 
hoogfrequentere radars boven 10 GHz onrustiger zijn dan de 
!aagfrequentere radars met een frequentie van pakweg enkele 
GHz. 

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

het licht reflecteert niet volledig aan het wateroppeni/ak, want 
is (afhankelijk van de oolflencite) ook noq een aanzienlijke 
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transmissie in het water. Dat maakt de echo van het 
wateroppervlak minder goed detecteerbaar. Bij 
mikrogolifrequenties 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 belangnjk 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 waterspie ge/s en 
onder begeleiding van een goed opgeleide technicus. Maar voor 
langdurige autonome buitenmetin gen zonder enig menselijk 
toezicht is het voor waterstandsme tin gen eigenlijk ongeschikt. 
Jos, kun je hier iets mee? ik had net een telefoontje van iemand 
bij bureau Svasek (geinteresseerd in radars en lasers voor 
golfmetin gen op ondiep water) en stuur hem een CC 'tje om hem 
ook te informeren. 
Groeten, 
Herman. 

Name:Jur Vogelzang Mr. Vogelzang (AGI RWS) is involved with an experiment 
Company: RWS, AGI where a radar system (WAMOS) was used for wave 
Phone: +31 (0)1 52757575, measurements performed at Petten in the Netherlands. These 
Mail: measurements are compared with the DIWAR measurements, 
j.vogelzang©aqi.rws.minvenw. His conclusion was that the radar system was a good and 

reliable especially at extreme circumstances (11 BF). ni 
Date: 9 September 2004 At the IJsselmeer 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 Sublect: The present measurements at the Dutch lake 
IJsselmeer and Sloterm eer Company: RDIJ (RWS) 

Phone: +31(0)320264242 
Mail: Remco Kleine is a staff member of the instrumentation of the 
R.Kleinerdijrws.minvenw.nl  wave measurements at the IJsselmeer and Slotermeer. 
Date: 11 September 2004 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. 
• Discrete instrument 
This instrument has sensors at an equal distance of each other 
(discrete) therefore the instrument could not measure between 
the sensors 
• 	Electronics 
This was the biggest problem with this instrument. It was ver -y 
sensitive to failure because of the many convention strokes. 
The conciusion 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 	Subect: Pressure based wave measurements 
Company: IMAU 
Phone: +31(0)302532405 	The interview with Mr. Ruessink was related to the report that 
Mail: 	 IMAU recently wrote for RIKZ. The title of this report was 
gxuessink@geog.uu.nl 	Directional wave spectra from ADCP's. 
Date: 17 September 2004 

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 staifgauges. 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 
Hyd rau Ii cs 
Phone: +31 (0)1 52858585 
Mail: 
A.vanDonqeren(wldelft.nI 
Date: 17 September 2004 

Subject: Laser based wave measurements 
Related to the telephone conversation with Mr. G. Ruessink. 
Mr. Ruessink advised to cali 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 	Subject: Advice about our preliminary selection 

Company: 
Meetdienst Directie Zeeland After explaining our project inctuding the objective and the 
(RWS) 	 preliminarily resuits he did not have other suggestions about 
Phone: +31(0)118686469 	the wave measurement instruments. He only had some 

Mail: 	 remarks about three instruments he worked with. 
e.w.f.cornelissendzl.rws.min - The pressure sensor: They did not use this measurement 
venw.nl 	 instrument because it depends a lot on the water column 
Date: 20 September 2004 	above the pressure sensor. 

- The buoy: The buoy bas proven itself over the years 
- Step gauge: is reliable 

Name: A. Verhagen 	Subiect: Lake George experiment 
Company: LogicaCMG 
Phone: +31(0)703029302 	Dr Louis Verhagen (LogicaCMG) was approached related to 
Mail: 	 his extensive measurement knowledge on shallow water 
louis.verhagen(logicalcmg.co waves. His doctoral thesis was titled "Growth of Wind Waves in 
rn 	 Finite Water depth'. His thesis work is based on a 3 year 
Date: 29 September 2004 	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 IJsselmeer and Slotermeer are: 

The Zwarts Wave Pote 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 reguires 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 

1f 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 technofogy 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. 1 
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 für Ökologie 
(Forschungsstelle Küste) 
Phone: +49(0)493291 6141 
Mail: 
hanz-
dieter.niemeyer@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 serisors because of thE 

presence of sharp waves. 
Nice experience with the radar gauge (see report of Joska 
Andorka Gl, RWS/RIKZ) 
He has also good experience with the wire gauges (they 
were very reliable), only fouling was one of the problems 

Wave measurement instrument 
	

MVDB/0445311 309 

Final report 	 - 130- 	 November, 2004 



SVASEK 

APPENDIX F SPECIFICATIONS WAVE MEASUREMENT INSTRUMENTS 

• 	Stepgauge (Etrometa) 133 
• 	Staffgauge (Endress & Hausser) 139 
• 	Waverider SG (Dataweli) 152 
• 	Directional Waverider SG (Dataweil) 154 
• 	Directional waverider MKII (Dataweil) 156 
• 	Directional waverider GPS (Dataweil) 158 
• 	Mini wave rider GPS (Dataweil) 160 
• 	Fressuresensor(Bakker&Co) 163 
• 	Workhorse Waves Array (Aqua vision) 171 
• 	AWAC (Qmetrix) 179 
• 	Aquadopp (Qmetrix) 183 
• 	Directional WaveGuide (Radac) 187 
• 	SMO5OMkIII(Miros) 195 
• 	Wave & Current Radar (Miros) 201 
• 	Wavex(Miros) 205 
• 	Logalevel (General Acoustics) 207 
• 	Midas WTR (Valeport) 211 
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STEPGAUGE (ETROMETA) 
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SPECIFICATIONS STEPGAUGE (ETROMETA) 

Stepgauge section 

Housing/Material : Square PVC profile coated with reinforced 
glassfibre. Electrodes are of manganese bronze. 

Dimensions : Profile 86 x 86 mm, Iength L = 3 m minus 5 mm for 
spacing between the sections. 

Weight of 3 m sectiori : Circa 16 kg, section floats in water due to an up- 
ward force of ca 23 kg. 

Number of electrodes : 60 + 2 earth electrodes. 
Distance between : DH = 50 mm, heart to heart. Information about 

alternative electrodes electrode distances is 
provided on request. 

Distance between : Nominal 5 mm, max. 10 mm. sections 
Max. number of sections :7 for one gauge 
Relation sampling rate/ distance between electrodes/range: 

DH = 50 mm (L = 3 m) 

Sampling Numberof 
sections 

Range 
(max.) 

2xpersec. 7 21m 

2,56xpersec. 5 15rn 

4xpersec. 3 9m 

Other, special combinations of sampling rates and 

thereby possible maximum number of gauge 

sections are provided on request. 

Switching point wet/dry : Lies standard at ca. 6 g NaCht, is adjustable at produc-

tion (is not alterable after production). 

Electronics 	: lnternal, powered with Li batteries (life expectancy ca. 
15 years, sufficient for total hifetime of stepgauge secti-

on) Note: p.c. board and bafteries are not attainable. 

Data transmission 

	

	: Bidirectional, serial by inductive transducers at the top 

and base of each section. 

Temperature range 	: Operating - 20 °C to + 60 °C. 
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Gaugehead and cable 

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

Material Head, identical to gauge section. 
Cable with a screen, 4 x 0.5 mmfl cores with 
polyurethane cover. 

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

Weight : 	Ga. 1 kg. 
Distance between 
gaugehead and 
section : 	Nominal 0 mm, max. 10 mm. 
Electronics : 	A small p.c. board is encapsulated in the head, 	powered 

by the electronics unit. 
Data transmission : 	See stepgauge section. 
Temperature range : 	Operating - 20 LC to + 60 :C. 

Electronics unit 

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

Material : 	Aluminium (AISi1 2) sealed / colour: grey - RAL 7001 
Dimensions : 	Wxhxd160x260x100mm. 
Weight : 	Ga. 3.7 kg. 
Output signal: 
- 	Format : 	See figure 3. 
- 	Code : 	ASCII 
- 	Sample rate 1 ) : 	Internal, 2,2.56 or4 samples per sec. 

External, via sync input (see below) 
- 	Baud rate 3) : 	300 Bd (not allowed at 4 samples per sec.) 

600 Bd 
1200 Bd 
2400 Bd 
4800 Bd 
9600 Bd 

- 	Signal 3) : 	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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output via tranformer, 600 Ohm, level -6 dBm 

	

- Connector 	: OUT, Binder type 09.0232.00.04 4p female 

1 - 0V or FSK 

2 - RS 232C / RS422 signal or FSK. 

	

Sync input 3) 	: 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.) 

Power supply: 

- 	Voltage 	: +8V... +18V 

- 	Power consumption : typ. 65 mW (12V), 90 mW with loaded 
RS 232C/ RS422 output 

- 	Connector 	: PWR Binder type 09.0231.00.04 4p male 

1-0V 
2-+8V... ±18V. 

Display 	 : 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. 

Normal/Service switch 	: Provides the output signal with a status indication concer- 
ning the relevance of the measurement data. 

Wave/Tide switch 	: Has no significance without the "tide" option. 

Data transmission to 
stepgauge sections 	: Bidirectional, serial to gauge head via SG connector. 

Binder type 09.0236.00.07 7p female. 

Relative humidity 	: 0% ... 100%. 

Temperature range 	: - 20 00  to + 60 00. 

"Tide" 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 average water level is calculated with this printed circuit baard 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: 

umper selectable 0fl 
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- Format 	 : seefigure4. 
- Code, baudrate, signal : as with 2.3 
- Output 	 : OUT connector (see 2.3) 

3 - 0V or FSK 
4 - RS 2320 / 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 bas 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 

-Power supply 

OUT con nector (see 2.3) 
0V 
standard 

0 ... +5V correspondending with resp. bottomside gauge en 
upperside gauge. 
other available ranges are; 
0...+1V 
0...+2V 
4 ... 2OmA 
inaccuracy due to: 
- 	 not Iineairity of the DAC 
- 	 temperature -20 ... ~60.?C max. ± 1% 
- 	 power 	+10...+1V 
- 	 +10..+IBV(differentfrom2.3) 
- 	 consumption ca 175 mW, unloaded. 
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STAFFGAUGE (ENDRESS & HAUSSER) 
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Technicg Level Probes lnfor Tation 
Ti 243F'OO/an 	 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) 

Applicafl 0fl 
Multicap prrbes are dacianad ror 
continhlouS Igvel n.ea5urement and lVnft 
detection prirnarily in liquids. The DC 11 
and DC 16 rod prohas are also suitable 
for usa in lroht bulk sclids. 

The proh rad or prabe reje and 
insulation are made of 
corrosion-resistant rnaterials aSic to 
vi thstand sxtram elv aggrassive 
prodriats The îr ed-and-tested rugcted 
construction IS CJaS-tqht for pressure 
from vacuum to 1450 psi. SaI and 
insulation materials enabla prohes to 5e 
used at operating temparatures in the 
vessel of -110F to +390F. 

Features and Benefits 
Cartificates from many Nc•rth Anaericari 
approval authorities 
= the prohes have univrsal usa 

Versions for a wida range of applicatics 
= deal lv adapted to your appllcation at 

a cost effpctive price 

Screene.d arjairrst condensation in the 
nozzie 
= reliable function even with 

condensation 

Activa build-up compensation For timit 
detection 
= steady and accurate swdchpoint even 

with heavy contamination on the 
probe, no cleanrng or recalibration 

Eld 

I   Om 
om Op 

.u,ju 

.iu. •ra.. i.i. 

Iu 

pil» 

4 
Endress+Hauser wijl 
The Power of Know How 	 _______ 
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WASEK 

Measuring Systern 
EG 37 47 Z 

LeE: Li [fl4 ifitefitarI ith 
lepatat- NEclesler 
asvitchrçj kwit 

 

EC17Z FMG 

Right. Laad rne.aaura-
flwntwlthsap4rfltfl 
Simtr tnnsriatlr 

Ninutattur 
FrC 

  

Laft: 	paat Iaaaf 
ailch a th ralry nu 

tuflr,SIflt)I CitrUt 

Fiu4ht. G.nup4at 
flafl'.irfluflUat E,VSlfllfl 

with ntfldr9 4.. 20 mU 

flIji nat aulpul aard 
aupnrnipnd 
cnunrnur:ntkna; sirat. 
EEC 12 'Enrart aEatr.arwa 
irunurt' ahrah .iIIOa'ifl 
reni7tfl Ihataten 'nn 
tU-fli(fl CUtililt) 
HAPTEratoo2Ii 
FEG 14: Comrnuniaatrnr 
and cornininSrcruiflq a'iitli 
PPÛFID'JS PA 

EEG 14 

- FECI2 

cr 

Probe Selection 

Grrrnncbon nradula: 	 far 
• anîth FF1 littan far EG. .Z 	 j 	- 	 - 
lrFEt2 tSur2paIef 
o G  

- for FEG 14 2-po FEa. 22 Er 47 Z fa  
- IOrFECC2 lAG' 4-pola 

Type:T3 
ahirnuniurn housing 
rntthsCparatn 

' connejion 
conlpartmert to 
XP IS version 

	

Etactrrn:r 	 Ehiationic iflsett 	 El-olronininsert 
*ire€rt 	71 d 	 - 

fl EEC 12: -L .20 nA Smart 	It EEG 22: Compaict limit rtuitch 

	

---_---" EG 17 Z 	 FEC 14: PFOFIBUS PA 

	

EG 37 Z 	 Protifa 3.0 
EG 47 Z 

irDCil ANwith 	S0G11.21 AS 	faDCI1, 14-2126AS 	C?JDCtl,l6,212EAS 	8OC11, 1621,24A5 
tulfy insuhitod rad 	wiltu EIly nsufatd 	wuth uruirtsa'tated 	with aathie coiTrpansatuon 	uninsulateuj screugtring 

.2: DC 16 AN wilh 	screening augainst 	scueenirig against 	of conductive mateniat 	ard actEe 
partialty irusufated rad 	condensation or 	conderusatkrn or 	 huist-up at the probe 	bruist-up campen5a5cu) 

rnateniat burild-up 	matarual bi nEt-up 
4- DC 21 AN ia-ith 	al the procens 	 al the peocasa 

fulty unsutatnuj tape 	connction 	 canneatloe 
fa DCCE AN wjtt1 	 Not disco: Pad probes DC 11, IE AN and AS stEr 3rOrrd tube 

partialty insulated 	 not for ptobns vuith aatEe build-up Gompansation 
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Loft [:c 11 AN. 
fully insukrto:i oJ poLo 

Rilit Dr:: 11 AH. 
p -rrliaft, rio rlo,1o:i led 
pr.:bo 

°sTr A! 00 AF 

lnufatrcqi 

d 00 .63  
o362 

:3 
2 

0010 .-.or 

0o1 

Dimensions 
DC 11/16/21.126 AN 

All(III _fl4155  in ir,shno 
lrO.Sd3d p(ns:.conn:to,fis. 1: - 11 	NOT 

03 	Oor )1t1r .130014 0040431. nS .1111 
liiJSuig Jin,i 3k 

LI = Lorgth of oolso rc'L loO or 
proLo Icç 

12 = Lno.stli of 1411131 insulIion 
nilrirmom: Tin 
rna<rrnun. InirjIli L 1 flhifluis 2 in 

L.rtt: DC 11 Ari. 
HOly i054lato'J roOf probo 
rsittl grounol OJHO 

Pfit: DC 10 AH 
pcirtirilly irrotrlotoOf rcOf probo 
n.Ofr ground fubo 

Spanors 
nvQfy 40 in. Of P00 

Le.fl: 0021 AH, 
HOly inuItd ropo pr)bo 

Prght DC 20 AH. 
partially irrariliforf ropo pclx 

Tonsiufling woight alwos 
rrlth rinchor hol 
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rAJ; !t 

Dimension5 
DC 111162I/26 A 

All ciiinuriukriu in inches. 
Tliil1p':es 
5. rs_h:.ris 15-110 Nt 

Probe wjth screeriin9 L: 
aljainst isiensatlofi 1 nd 
material btilid-up ut the 
process connection 
nacIo .SbctIoriï 

pr;'ceSs 	i15.:i.aIi5 

Li - Luusth ii adre 
puIn rai •N 

L2 = Lbuth st 
5! hal iri2ui,irirri 

nhIriwlIi.Iin 	.5,  CI) 

nIasarnunI. Pi.itliLi 
2 in 

Atove cli - En: Ii 55 AL's. :nriire 0fl rujht. o:: ii os. PuIN .iIoIJr,i tube 
bus' insiik,tust rai prubC rol probsu slib sub 	inilataj DC II AS. 
a 5h turity inulatt urinrsukrtsl ucrosnina. u: is 45, tilt 	inutated 
s - rs-r 	nl Ansi pLisiss naib pa 1iiIv inuI,rti rol partiati 	irusulatsci DC 10 AS. 
501120 tIajs ;ith full insuLrOun ,rlsc, pailialtu insulatesj 

asaiLuble: 

Lett: DC 21 AS 
tutly insulaîed rope 
praten s2h Tully 
insuL-ttnd scree4,1nci Ons 
pbrstic osated forum 

FikihE DC 26 A5 
partiallv ir - nulatod Irfen 
praten ssith uniruruiatert 
scrennrrurct. unirrsutted 
rope and iiiiinuulatpd 
tensiaina sreqht 
as 

Wuttr tuit'; inslitaind 
activo section this penh 
is drnrrgnatsd DC 21 Af 

L3 
Th's rcresninq 
(1tü1s.ctbo acjainst 
corsO rabc,n is 
availablu in three 
standard tnngttrs: 
13= 6un 
L3= Om 
L3 = 201fl 

Other terrgttls 00 

request 
13 mln. 	4in 
13 max.lOOin 
(uninsuiated 
scre'sning) 
13man. 80 in 
ituily insubatoul 
55 resflIr!cs 
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D irnensions 
DC 11/16/21/26 AS 
Continued 

ii dimunsims iii rri;hss. 
Thr'niuJ pr:u; :ri.5nru 1.. - 1 	- JPT 

Pn)bes wrth active 
bulId-up coinpinnuatlon 
l-r inilt dutn-tion. 

vrrnih ulrays C. tsr 

Partialla irurilalod probesuh-an Lat juli; nnulaa 1 
rr.rtuu als caanilaL-lu ururu lhn ntu-u r.nrt M 
Luril-rip c-:rnpnris-:liuo is iuur onhlvsitiita 
4cr nailahlu -nilh c rcurd Stin. 

L-Fl P-cJ 
Au. 

luis iirsuiatii 
[•; 
p 

Pil t. artis- burki-u;' 
Cii uusnti:-rr Crirt-irI;d 

115 srnunur:l La 

LoR. Pops- prbe 
0021 AS 
(1011,1 irruulatud) 

DC 26 AS 
ipartiallv iras,rIatsU 

Piglit: arlivu buiidup 
curiipnitusti)fl 
rainbirrul -alS 
surcusirna L3 

Li 
Th srruunirig 
lprotaitkn against 
candonsutisni is 
anilahlu in thruu 
ntandard iun-ithn: 
Li 	Sin 
La 	510 

L3 	2Cm 

015cr iongtimn en rug is-st 
La inin. 	4 in 
L3 max. 	16S in 
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SVASEK 
1 	1 	1 1 	 1 

Additional 
Process Connections 
and Accessories 

Crfhnr procsss corrr4ctions. 
FlorIjs. 
Trolrrnp 2" 

= -  In for prehs 

- DC. 4S r.ith fulh 1rr5111,"toJr;re-sirin1 
pr fo-olkn rrijain-ot c1rrdnr.3li-n1 

- DC 55 5fl 3'b1O b.iilol-up 05 iona1or 

= 1 SSiflfolpfoISSl 
• DC A1 -.oth rrrninsjlaro-1 1rr-°nirrj 

lprot.l_Otion 1Ç InrIt COndorrslrIl •rr 
- DC. AC, -'.r'h rirrrnsulor&.is:r;onrnu 

n-1 ati-o LrrrIlJrp:.- rIl;550S:rr 

ldtiorral oquiprrrnrrl. 

.5 Tmoporofurs Spa550 for probes 

- DC.AS  -.rtFr frrIl irstifof€-rl 5c(5nrrn3 
protnction aOainst condonsotion, 

- DCAS .51111 actroo build-up condènsation 

B Torsporafura sporcor for probos 
- DC.. AS wilt, unt,sulalod scr000in 

protoction againSt condansaon' 
- DC.AS wilt, rmrrsrlrtad scrr-ur,irrp 

aol active build-up cumpensatoMi 

ë OrrOSiorr-ieSlstar,t ste.ol 153 

o 1255-Itob! 3kOnd for probes 
- DC..AN 
- DC AS itt açth-o buikJ-u. cx,lar,sotion 

E r:;as-tight gland Ier prrrbes 
- DC AS wilt, rinirrsr,I5td lcroer,inrt 

iprofectiorr aqairLt condensaor 
- DC AS .vtth unrsuftrj screoflint 

arrd -etbe build-up conpensaUsn 

F Gas-riuht qland for probes 
- DC...AS .vrtb fully insulated scrésrorr'J 

iprotactian arlainst conderlsaflon) 

Housing Dimensions 
Housrigs in aluminium With 1)0. oco-er for 
(Type T3) wilt, separate small eleetrurric 
coalresbon cornpartment: inuarlu EC...Z, 
- RFI filter 1-lift, small witli rarseci cerser for 

sli,onic ir,serts lctrormic ulseris 
EC 177_EC377, FECI2.FEC14FEC22 
PC 47 Zand ,ith two cable enlriOs. 0105 

FEC 12 liSt, sealad edo a bhirrd pluq 
- rafely bamriess with 

FEC 12 EXP). 
• Immninal cjnnSctmon 

muedulo for EEC 22 

Flanqo Trictamp 2 

for EC..Z 	 IorFEC.,. 

.41 
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T. 

- 

B - 

- 	 2 

Separate 

110 

ho rund 

I  U1-x- 
Separ:5 
hcrisrrcj 

t: 

Operatinçj data 

Maprjfacturer Erivrsss*Hausor DrnhH--Cc. 0-79689 Maullurg 

lncetrurnenttarncly Multicep 

Instrument types DC 11 11 21 26 AN ,AS 

Punction level neasurement onS 

0pnratin 	pressure to 1450 psi dependinq on material 	sea belcio 

Operatnig temperslure to 390 	P dependino on austerial - sea below 

Testinp sressure lo2175 pal / teoiperature 70 	P by reoCtctive test as requasted 

Technical Data 

General information 

Psrrrlt,J oper :5 
cel 

Sijrperat'.JmS 

Th qraph A do not 
çs1ys to: 

- K 21 AN : CC St 

- prOas s:th 
tentct-i'p rrrnnrisat,Cn. 

- pr.:bes :.,th felle 
UrSLildtSd CC r.55-flUK1. 

The uraph B oppive 5: 
- DC 21 All E1C 21 AS 
- DC 25 AtJ : DC 2€ AS. 
- pr.ilss cdi netive 
leaki-rip compeersation 
pr 	witti buy 
irulatrt ser'eliuet. 

loocilatien PTFE er 

c 
Pt 

TB 

-115 	 12 70 	 F 

lniltron PE 

- 

Irrerilatrrr PTFE. P195 r FEP 

Maintino of the 
elostronic irseet as a 
functir of CçerotIrl] 
tempetature To and 
arnbinf ternporaturc Tu: 
A Prrrbe ;:itlrout 

tsinp€rature spacer 
S Probe wille 

troprature sp000r 
ee an-teht gtancl 

0 EIcdsnic iniert in 
separate housint 

D Probe rjth 
taniperature spacer er 
gas-tight glard and 
cle 	mie inseft in 
ceparate housing 

The erephs A and S 
apply to all electronic 
inSerts. 

The ceraphi C and D 
irpptv to the small 
etactronic ineerts 
ECt7Z ECS7Z 
ED 47 Z 

A ' 
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'51fl tutv ira lalud 

15.5 f1 lbn 

'Jilh jrerd life 

i222ttlbs 

ti5 

ii 	n =222Jtlt 

1 Nrnû7-lftlsu 
t II = 

> 

in  wa 
Other Operating Data Lateral bad on the probe rod sea bebow 

Strain 0fl the probe rope 45 lbs al 70 	F static 

'iiUinut çJround tube 

nou. 22.2 It lOs 

With union buiIdnp condensoljcin 

TIOX. 233fl It's 

dlh uc;antr 

Puimisublu latr.l lood 
the pr.:bun 

Total length of arod orobe 	mr. 4 Ir. max. 230 in. CCC dimensions 

Total length of a rope prohe 	1 min. 20 in, max. 1020 in sea dnnensions 

rnr,-..rio,nrn In,, ,u,e nt tha r,r.nh. 

Gasic capacitance approx. 30 2F 

Temperature spacer approx 20 pF 

Air-tight entry approx. 20 OF 

Acttve build-up 
com ponsation 

approx 10 pF 

4rC-litfr,na! 	,itanrn'u 

Probe 10fl from a irsufated probe rod in air approx. 0.33 pF/in 
conductive vessel wall in water approx. 95 pFfin 

uninsulated probe rod in air approx. 033 pP•in 
irsulated probe rope in air approx 0.25 pP/iri 

11 water aoprox. 5 pF/ir 
unisulated probe rope in air approx. 0.25 pF/in 
insulated tensioning weight in air approx. 2 pF 

in water approx. 60 pF 
uninsulated tensiOning weigtit iii air approx. 2 pF 

Rod probe in ground tube usulated probe rod in air approx. 1.4 OF/in, 

in water approx.8 8 pF/in 
uninsulated prcbe rod in air aporox. 1.3 pF/in 

Uninsulated ucreening approx. os pE/in 

Fully insulated screening approx. 1.5 pF/in 

Prnhia !,unnrrhc frir cr,ntinhni1u mniauaren,ant in rnn(intinr, /innide 

ECwith C,. 	= 2000pF rope prohe up to 315 in 

(EO 47 Z, FEC 12) (up to 1020 in in non-conducting liquids) 
rod probe up to 230 in 

EC with Ci.. = 4000 pF rope probe up to 780 in 
(EC 37 Z) (up to 1020 in in non-conducting liquids) 

rod probe up to 230 in 
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Other Operatinq Data Anc,jracv 

Lencjth tcileranceS upto 40 lii: 	+0 in. -12 in roof prcibe 
-04 in rope prohe 

U o 10 120 in - 	+0 in -04 in rod prcbe 
-08 in rope probe 

up to 240 in: 	*0 in. -0 S in roof probe 
-1 .2 in i ope prohe 

iJpto 1020 in: 	*0 in. -1.6 in rcpe prohe 

The tollowing specificaticna only applv to the capacitance of fully insulaled probeswhen 
used in conductive liquids 

The deviation is insignificant for applications in non-conductive materials 

Linearsy error in water < t 	at 40 in Ieriqth 

Temperature dependance of <0 1 % oer K 
the prohe roof 

Pressure dependence 01 apprcx 1.4% per 100 psi 
the probe roof 

Temperature deper dance ot -u 0 1 % per K 
the tombe ro-pe 

rPrearure dependence of <0.7 % oer -100 psi 

the probe rope  

Prûrress nûrttlect,OnS 

1 Parallel thread 
1h-- lltoNPT 

ANSI to 1.20 1 

Tricternp coupling 50 2-352 

ANSlflanaes ANSi 0 16.5 

Mate rials 
Aluminium hc-using 

iType T3t 

G0Al 5110 Mg. DIN 1725, 
aCh plastic ooatinp (blue / grey)  

Seal for housing cover 0-nng of EPOM (elastomer) 

Temperature spacer Stajniess steel AISI 304 or scnilar 

Gas-tight gland Stainlees steel AISI 304 

Purther naterial soectfkations see Product Stnjcture on Page 10... ii 
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Accessories 	 J S11P0fl shB&t for portially irisulated 	J Acpe shortening kit for fully 
probes for Increasulg the s'iitching 	insulated probes 
safety lor iîr.it detection 
nee Technical Inforntion 	 j Rc'pe shortening kit for partlduy 
Probe accessories 	 insulaled probes 

Suppiementary Technical Information 	 Certificates 

D ocumentation ] 	PIOhC accessories 	 See product otructura on page 10 
Technical Information TI22QFFOOen 

j 	Electrcnic insert FEC 12 
Technical Inforrtiori Ti 250Ff00/en 

:3 	Electrornc irisert FEC 14 
Techriicl lnfr:na1ion TI 376F0O/en 

3 	Electrcrsc irisert FEC 22 
Tecfiical Inforrnfion Ti 25tF(00.en 

3 	Electronic insert EO 17 Z 
Technical Information TI 26OFj0O!en 

Ci 	Electroriic insert EO 37 Z EO 47  Z 
Techiiical lnïormtion TI 271FiD0Jn 

j 	Transmitter; for 11m4 detection and 
coritinuous level measurerrent en 
request 

Endreas-,-Hauseç 
GbH+co NO 
instr'iOer4s 
interroticiral 
P.O. Box 2222 
0-79574 Weil am Ilhern 
Gerniany 

Tel (07621)97502 
Fax (0 76 21) S 75-3 45 
hUp /2,j,w.endress.corn 
ntii .endrgss.ccer -i 

Endress+Hauser EN 
TaPe e,ofKn,aHax 	 4 	' 

ee 

Ti 243F eo;enoe 93 
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WAVERIDERS (DATAWELL) 

Waverider SG 0.7m 
Directional waverider 0.7 m 
Directional waverider MKIII 
Directional waverider GPS 

Mini directional waverider GPS 
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ZVASEK 

Waverider SG 0.7 m 
DataweU - Oceanographic Instruments 

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

The new Waveride: 50 0.7 m (WR-7) is a real - time non-

directional „,jave-heighi measuring buoy. VVave-height 

is measured with a resolution of 1 cm usuig the weH-

proven stahilized clatform sensor that accuralely tracks 

the vertical component of the orbital wave motion. In 

the WR-7, the platform mounting of the se'isor has 

been reinforced, sicjnificantly increasirla the roListness 

of the bucy. Also, nev3y developed digital seisor 

circuits offer hetter accuracy. 

The WR-7 JSèS the same processino hardware as the 

directional DWR-Mktll and DWR-G buoys. This gives 

the WR-7 some nec' features and options that were not 

possible on the oriqinal model: 

• Standard integrated data logger. Flash cards up 

to 2 GByte store all measurecl data. 

• Standard GPS position monitoring. Position 

monitoring allows for drift alarm possihility and 

easy retrieval of a huoy adrift. 

• A LED flash light moLinted at the top of the 

antenna. The high mounted flashing light iricreases 

visibility siqnificantly. 

• 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 suifices for ranges up to 50 Km. 1f 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, eg. at remote locations, the 

new Waverider is also available in a 0.9 rn hull 

diameter WR-9). The WR-9 holds twice the arnourit of 

hatteries and can operate for 3 years condnuously. 

To acquire, store and aneivze the measured data, 

Datawell offers the Wves21 software naclaqe. See 

our brochure on Wrves21 for more information. 

Lirnr.ststriat4 	 t 	 : 
ii FI:.retem 	 t 

fle 
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Waverider SG 0.7 m 
. 	 . 	... 	. 

DataweU - Oceanographic Instrumerits 

Continuing the 3&-year success of the original Waverider, DataweU 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 rneasuiing buoy. Wave-hmght 

is measured with a resolution of 1 cm using the well-

proven stabilized platform sensor that accurately tracks 

the vertical component of the orhital wave rn000n. In 

the WR-7, the platform mounting of the sensor has 

been reiriforcecl, signiticantly iricréasing the rohustncss 

of the buoy. Also, newly developed digital sensor 

circuits offer better accurac'I. 

The WR-7 uses the same processing hardware as the 

directional DWR-MkIlI and DWR-G buoys. This gives 

the WR-7 some new features and options that wee not 

possible on the original model: 

• Standard integrated data logger. Flash cards up 

to 2 GByte store all measured data. 

• Standard GPS position monitoririg. Position 

monitoring allows for drift alarm possibility and 

easy retrieval of a buoy adrift. 

• A LEO flash light mounted at the top of the 

antenna. The high mounted flashing light increases 

visibitity significantty. 

• 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. 

For larger service intervals, eg. at remote Iocations, the 

new Waverider is also available in a 0.9 rn hull 

diameter (WR-9). The WR-9 holds twice the amourit of 

batteries and can operate for 3 years continuously. 

To acquire.. store and analyze the measuied data, 

Datawell offers the WEves21 software package. See 

our brochure on Wves21 for more information. 

The buoy comes standard with Datawelt's unique HF 

link. This link suffices for ranges up to 50 Km. 1f larger 

transmitting ranges are desired, the HF link can be 

combined or replaced with Argos or Orbcomm satellite 

communicatioa. For near-shore appllcations, an easy to 

use GSM communication option will be available soon, 

Dataz,-lt BV 	 t 	'31 23 531 60 5; 
Liettnt 	 1' 	'31 23 5 3 i 1000 
2012 0' 	 t 	5,(t1.',(i 

th' 	 ...,n'. i:t.jwC .1 
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Directional Waverider 07 m 
Dataweil - Oceanocjraphic lnstruments 

A compact directional wave buoy with over 1 year continuous operation 

The Mklfl redesign has increased operational life to 3 

years for 0.9 mi diameter directional wave buovs. At 

the same time this redesiqn offered the possihility of 

an easy-to-haridle 0.7 m diameter dicectiona1 wave 

buoy with over t yeai operational Ijle. 

Now you cao have all the advantaaes of the Mklll 

Directmnal Waverider in a compact buoy: 

• The hear of the buoy is stili the welt-proven 

Dataweli stabiIied platform wave sensor 

• 27 mm rubber cords for appropriate mooring of 

0.7 m diameter directioral wave boos 

• Transmission ranqes extend to 50 Km and cv: 

IL;Ither 	:h t 	h: d H z :. 

• 	ta hac nn-vt.-h data logcr 

measured wave data in the buov 

• High-energy batteries guarantee ovei 1 your 

continuous operation onder all wave 0000Ituç 

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 cornmunication for 

operation ort the open ocean 

• Idem Orbcomm satellite communication 

• Optional GSM communication for near shore 

operation 

t 
L:ivr!usfstruat 4 	 t 	•'-fl 2:1 	: 
2:112 til  
11? ;s:herlcnc1s 	 2/ 
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1! 
Directional Waverider 03 m 

Dataweil - Oceanographk lnstrurnents 

Specifications 

IHeave 

Direction 

Standard features 

1 Range  —20m-+20m  

Resolution 1cm  

Scale accuracy (gain error) < 0.5% of measured value after caflbration 

1 .0% of measured value atter 3 year  

Period time 

Range  

1.6 s - 30 s 

0-360' 

Resolution 1.5e' 

Buoyheadmg error 	- 

Reference 

042 	depenmnqonlatrtude)tjpicIO5 	— 	 — 

magnetic north  

Period time (free floating) 

HF transmitter 

1.6 s - 30 s 

frequency range 27 MHz - 40 MHz 

transmission ren ge 50 Km 	RX-D rece 	e r)  

Daogger f type 	Cornpatt Hash Moduze 64 MB-2GB 

Flash light 4 LEDs, colour yellow (5I0 om), pattern 5 flashes every2üs 

GPS position every 30 min, precision lOm 

Water temperature range —5 °C - +46 °C, resolution 0.05 °C, accuracy 0.2 °C 

Options Argos satellite communication 

Orbcomm satellite communication (available soon) 

GSM mobile communication (available soon) 

General Huli diameter 0.7 m (excluding tender) 

Material stairiless steel AlSl31 6/Cuniferi 0  

Weight approx. 105 Kg 

Batteries operational life 1 year, 1 section of 20 batteries, 

type Leclanché 4931670.0 (black)  

Mooring standard, 30 m of 27 mm rubber cards 

Processing 32 bits 

Temperature range 

_______________________ 

operating —5 °C - +35 °C 

storage —5 °C - +40 °C (+ 55 °C short term, weeks only) 

Receiver RX-DorWarec (older Warecs may need modification) 

	

t 	-; 23t31 6052 
LarIzJstrt 1 	 F 	431 23 S.,... 19 36 

2 	H E 	sast.?data,',i,41I 
- N 	. 	 ' 	v,v'I.ca'Je1I 
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Directional Waverider MkHI 
DataweH Oceanographic lnstruments 

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

The Directional tVaverider hardly needs an 

introduction: it is the worlds standard for measudng 

wave height and wave direction. Its success is due to 

the accurate and weP-proven stabilized platform 

sensor, enabling wave height measurements by a 

single acceIeromete. Far the wave direction, direct 

pitch and roll measurements are performed needing no 

integration. In the DWR-MklU, this sensor is stUl the 

heart of the instrument. The redesign cornprises 

updated peripherat electronics, new battery

, 

 

technology. a more robust flash light and modular 

mechanics. 

• The mest striking feature of the new mark is its 

LED flash light that makes the gtass housing 

obsolete. Mounted at the top of the antenna, It 

increases the buoy's visibitity to passing ships. To 

increase visibility even further, an optional radar 

reflector for the 90 cm version will be available 

500fl. 

• 4 GPS receiver for buoy positioning has now 

hecorne a standard feature of the DWR-MklIl, and 

facilitates its retrieval. 

• Standard integrated data logger based on the 

latest flash card technology. 

• Onçjoing 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-MkllI 

operating under all wave conditions and weather 

circumstances for three years without replacement. 

• An accurate onboard energy meter monitors the 

actual energy consumption of the buoy, and 

reports a reliable estimate of the remaining 

operating life. 

• The DWR-Mklll 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 rançjes up to 50 Km. For langer 

ranges the HF link can be combined or replaced with 

Argos or Orbcornrn satellite communication. 4 GSM 

communication option will he available soon. 

The Mklll is also available in a 70 cm hull offering 

easier hanctling and 1 year of continuous operation. 

t 

I 	Nte'ar0:. 
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Directional Waverider MkIH 
DataweH - Oceanographic lnstrurnents 

Specificatiorts 

Heave Range 

Resolution 

Scale accuracy (gain error) 

Period time 

—20 m - +20 rn 

1 cm 

< 0.5% of measured value after calibration 

< 1.0% of measured value after 3 year - 

1.6 S - 30 S - - 

Direction Range  

Resolution  

Buoy heaciinçj error 

Reference 

Period time (free floating) 

00 	360° 

04° - 2 1  (depending_ori latitude) typical 0.5' 

 magnetic north 

1.6 s - 30 s  

Standard features 

1 
HE transmitter 

Data logger  

Hash hght 

GPS positlon 

Water temperature 

frequency range 27 MHz - 40 MHz 

t'pe 1 Compact Flash Module size 64B2GB  

 4LEDscolouryeUov(590nrn),pattern5flashes every 20 s 

every 30 min precision 10 m 	 - 

range-5 °C - +46 °C, resolution 0.05 °C, accuracy 0.2°C 

Options ArgosiOrbcomm 

GSM 

sateflite communication (not yet available on DWR-7) 

mobile communication (available soon) 

General HuIl diameter 

Material 

Weight 

Batteries 

Processing 

Temperature range 

Receiver 

Upgrading 

0.9 m (0.7 rn) (exduding fender) 

stainless steel A1513161Cunifer10 

approx. 225Kg (105 Kg) 

operational life 3 years (1 year), 5(1) sections of 13 (20) 

batteries, type Leclanché 4931670.0 (black) 

32 bits 

operating —5 °C - +35 °C 

storage —5 °C - +40 °C (-i- 55 °C short term, weeks only) 

RX-D or Warec (older Warecs may need modification) 

from Mkll to Mkltl simply by replacing hatchcover 

23531 
mrlustsirt4 	 F 	—31 23 531 11 133 

261 2 L12 	 E 	salcs 
[ 	. 	 • 
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]11 Directional Waverider GE'S 
DataweH Oceanographic lnstruments 

Measuring waves with GPS 

With the DWR-G wave bLloy Datasveil introduces a 

revolubonary concept of measunng waves with a single 

OPS (Global Positioning System) receiver, not 

differential GPS. The D\NR-G features a patented 

algorithm and custorn-made GPS receiver that will 

chahenge existing. conventronal a'/e bunys hased on 

inertial sensors such as accelerorneters and magnetic 

compass (toe specifications on other side). 

To convince potential users of this unorthodox method 

the new DWR-G huoy has been tested agairist the 

standard in the held of wave measurernent:: the 

Datawel! Directional Waverider (Mkll). The graphs 

below show that the conventional Directional 

Waverider and the new GPS-based wave huoy merged 

in one single buil, produce identical heave and FoLirier 

spectra within specitications. For more information 

der to the December 2003 issue of Sea Technology, 

visit our website or contact Sales. 

- GPS 	Dir. Waverider 

100 

- 	10 	 . 	12.. 

E 	1- 

	

0.1 	/ 	,.. 	.....R: 

	

0.01 	- 

0 .001 1  

	

0.01 	 0.1 

frequency (Hz) 

toI? 30  
7.xiwrli,istraar t 	--3 ? 23 tl'r 

s t 
Th 	5.?rrrbrds 50 	.w'.v.datr'. 	r. 
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Directional Waverider GPS 
Datawe[I - Oceanographic Instruments 

Specifications 

1 Wave motion sensor 

1 

1 
Wave data 	1 

Sensor 	 j single GPS (not difforential)  

Precision In 0eefloatinq,aIIdireL0ons( 

1-2 coi + 05 % 	1 moored, vertkal (1 	) 
—i mcored, horizoitol, depeids on current and wave frequoncv, 

xclindnSitennap Imofor . 

Ranqe 

Periocis 

—SOm- F53m  

16 S -lOOs 

[Calibrador not reawred over  

i 512L oc- micirsal  data qrnpsmavoccur 

Exclusion 

Data 

;ot rcsista:it to 54 	Sakrn.tive Availaliilnty. iioy be 	witched mi b 	DS 

0e0mt0fD0f0nc0teg'05L  

north, we-st, vertncal 

Rosculution Ltcm(ncrth2crn.LSB"north"sG'S data nap indicator) 

Ranqe 

Rate 

-2Dm -  F20m  

1.28F- z 

Roferenco WG584 

Spectral data Frequency resolution 0.005 Hz bolow 0.10 Hz and 0.010 Hz above 

Freciuency range 0.025 Hz - 0.60 Hz 

Direction resolution 1.51  

Directiori range 0° - 360° 

Standard features HF transmdter frequency ranqe 27 MHz - 40 MHz, transmission range 50 Km 

Data logger type 1 Compact Flash Module 64 Mb (up to 2 Gb optional) 

Fkish light 4 high intensity LEDs, couryellow (590 nm), pattern 5 flashes ever/ 20 s 

GPS position everv 30 min, precision 10 m 

Options Argoslorbcornm satellite communication 

GSM mobile communication (available soon) 

Water temperature tango —5 °C - i-46 °C. resolution 0.05 °C, accuracy 0.2°C 

General HuU diameter 0.9 m (0.7 m), excluding fender 

Material stainless steel (A1S1316), Cunifer optiorial 

Weight 225 Kg (95 Kg) 

Mooring standard, 30 m of 35 mm (27 mm) rubber cords 

Batteries operational life 1.7 year (0.7 yoar) 

10 (4) sections of 13 batteries type Leclanché 49311668 (groen) 

Receiver RX-D (recommended) or Warec 

Compatibility DWR-G hatchcovers are compatiblo with Mktl buoys 	 J 

itocvc-4 30 T -$1 23 521 	Bi 
Lrncriuststroat 4 T 3i 23 511 	19 

2 	J.i 	!iie-nn 
FTe- 	tiarlaniris 0) v',':,v ci-ita.el. -1 
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mini Directional Waverider GPS 
Dataweli - Oceanoçjraphic Instruments 

The smallest directional wave measuririg buoy on the market 

With a 40 cm mini-buoy version Dataweli completes its 

rarxje of GPS huoys: DVVR-G9. DWR-G7 and DWR-G4, 

with 0.9 m, 0.7 rn and 0.4 m diameters, respectively. 

Ji:st like its larcier equivalents the DWR-G4 relies on 

the Dataweli princiole of measLiring cvaves with a 

single Global Positioning System receiver (GPSI. By 

now this technique is weli-established in 

oceanocjraphy as evidenced by several publications 

and well-pleased users iii the field. 

Small though il is. the DW-G4 offers full-functionality 

30d full-compatibi!ity with other Darawell equipment. 

Data links and formats, RX-D and Warec receiver, 

W@ves21 software, batteries, etc. are all the same or 

compatible. 

Weighing 17Kg only the DWR-G4 may be readily 

deployed and recovered by hand from an inflatbl.e 

boat with outboard engine. Via HP link, directional and 

spectral wave data are transmitted, eg. to a portable, 

compact RX-D receiver connected to a laptop running 

the W©ves2l -soft.eare. The LED flasher andfor the 

HE-transmitted GPS position facilitate tracking or 

locating the buoy. 

Alternative!y, a GSM link will be availab!e soon for 

near-shore or in-shore use. In the near future an Argos 

satelhte 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: 

• 	an evaluation buoy to select long-term 

deployment sites 

• 	a sea-state monitoring buoy during dredging, 

construction, etc. operations 

• 	a drftting huoy 

hatchcover with antennas 

Lc'roscstaot 1 
2r21 2 LcI u 
Fi: 2Jthrt 

!7 	z 

electronics unit (side) 	 (bottom) 	 hull with batteries 

23Jr 
2 	ie1555a 
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SVASEK 

J mini Directional Waverider GPS 
Dataweil - Oceanographic lnstruments 

Specifications 

Wave  motion  

Pecision 1-2 cm free floatinçj, all directions (1cr) 

(excludinci GPS antenna pitch and roll motion) 

_ 
Periods i 	1.6s - lOOs  

Calibration 

Eclusion 

not required ever 

OPS signals do not penetrate through water, occasioral data gaps 

Exclusion 

may occur 

not resistant to SA (Setective Availahility, may be switched on by OS 

Wave data Data 

rtrnentofDefence for . 	ecreasons) 

tnorth , westvertical 
Resohjon  1cm(noh2cm,LSB"north"isGPSdatagapdkator) 
Range —20 m - ±20 m 

1.28 Hz  Rate 
WG584 Reference 

Spectral data Freguency resolution 0.005 Hz below 0.10 Hz and 0.010 Hz above 

Frequency range 0.025 Hz - 0.0 Hz 
onresolution 1.5 0  

Direction range 00  - 360° 

Standard features HF transmitter frequency range 33 MHz - 36 MHz, 

transmission range 	10 Km (hand-held receiver) 
25 Krn (receiver 

Data logger type 1 Compact Flash Module 64 Mb 

Flash light 4 high intensity LEDs, color yeUow (590 nm), pattern 5 flashes evenj 
20 seconds 

GPS position every 30 min, precision 10 m 

Options GSM mobile communication (available soon) 

Argos satellite communication (not available yet) 

Water temperature range —5 - +46 °C. resolution 0.05 °C, accuracy 0.2 °C 
General Huil diameter 0.40 m (0.46 including fender) 

Material stainless steel (A151316) 

Weight 17Kg 

Mooring no mooring, use free floating 

Batteries operational life 2 weeks 

1 section of 7 batteries, type Leclanché 49311668 (green) 

Receiver RX-D (recommended) or Warec 

0.cea 3V 	 T ~fl 23 532 5053 
3-irTutt 4 	 F 	-3T 23 532 29 32 

01 21;er2em 	 F 	e -,trteweHnl 
The 'ie: 3 er0rcs 	 SV 	t,e;e.de -teweQ.l 
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SVASEK 

PRESSURE SENSOR (BAKKER &CO) 
Submersible depth sensor series 8000 

Intelligent transmitters series 1000 , 6000 & 9000 
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DiJiqLiE1rtz 	Depth 	•Eenccrs 	rc\'i:te the 	ultimate 
precision in v.ter level nieasurern.nts. Typical 
application accuracy of 0.01% is achieied even under 
difficult environmentEll conditions. Desirable 
characteristics iriclude excellent long-term stahility. 
1 x 10 resolution. low power 000sumption. nd high 
reliabilitv. 

The reniarkable performance of these depth sensors is 
achieved through the use of a precision quartz crystel 
resonator whcse frequency ot OscilIatKm varies with 
pressure-induced stress. A quartz crvstal temperature 
sigrial is provided to therrnally compensate the calculated 
preasure and achieve high accuracv over a broed rarige 
of temperatures. The depth sensors inciude waterproof 
housinas with integral shock protection. 

High accuracy, resolution, and stability make Di3iquar 5  
Depth Sensors ideal for epplications such as Tsunami 
detection, wave and tide gauges, platform leveling. 
underwater pipe laying, and as depth sensors in ROVs 
and AUVs. 

Al[ Depth Sensor ranges are available with either 
freqt-ienc;y outputs or integral intelligent electronics with 
bi-directional digital communications. 

Sub mershe Depth Sensors 	Series 8000 

Absolute 
0-1 U m H(:) to 0_7.qC  in H2 ) 

0 0-10.000 psia 
Gauge 
0-10 rn H 70 to 0-140 in H20 
0-15 psig to 0-200 psia 

('01 	Ao:.uac'I 
1 x tIl - Resoftition 
iJni.rie Ariti-Frulirig Pit 
Lo.0 Fo.'er Corisuniptiun 
Hiah Stabilitv ard RiliaLilitu 
Frilly ':I:alibrated and ,l- aractem ized 
10-2 00'il Duality Sysl€-m - NOOT Traceal- le 
FreqLi.ncy C'utputs c•r Dual R5 -22 and RS -45 5  Interfaces 

,.Pl,cTÇjN ,SF1EÂS 
Hdrolcqy 
':)ceancara1:hy 
TsLii-iaini Detecticiri 
V-;avsarid Tide -3auges 
C)ffslicr Platforrri Leveling 
Dam and Reservoir Level Sersina 
liriderwater Pipe La,ina and Suneying 
Remotely Operatect and Autonomous Underwater Vehilês 

Duel RS-232 and RS-485 interfaces allow complete remote 
configuration and control of all operatinq parameters. 
inclijding resclution. sample rate, and choice of engineering 
Linits, integration time, and sarnpling requeste. Cornnrands 
inciude: Single san'iple and send. synchronized sample 
and holcl. continuous somple and send, and special burst 
sampling modes 

Ne'.v and enhanced features inciude support for hoth send 
loop and multi-drop networking, selectable baud rates up to 
115.200 baLid. synci-ironization of measurenients with time-
hesed integration. 2 or 4 wire RS-485 transmission 
distances greater than 1 kilometer, improved high-speed 
continuous pressure measurements. a power management 
%leep' mode, data formatting features. and unit 
identification commends. 

All Digiquartz °  transducer.s come with a limited flve-year 
warranty with the first two years covered at 100%. 

02  Paroscientific1nc. 
Dïgiquartz Pressure Instrumentation 

t.............. 
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SEACCN CO1NECTOR 
X!G-4-ECL OR E<U'ALEl'LT 

/ 

Series 8B (0 to 7,000 meters) 

efi Digiquaitz 

kiTIDD 
PERFORMANCF_cH.R;TERlSTlCS 

Pressure Performance 	Accurac' tvpically hetter than 001% 
Full Scale t,See. SCD) 

Calibrated Teniperature -2C to +40C 

H'steresis: 85 =± 0.01% Full Scala 
SDP =± 0.005% Full Scala 

Rapeatability: OB 	± 0.01% Full Scale 
8DP± 0..0C15% Full Scala 

Over Prassure: 1.2 tinies Full Scala 

Tharmal Sensitivity: <0 0005% Full Scl 	iclèq C 

Prassure Signal: Ncminal FreqLlericy 37 to 42 KHz 

Temperature Signal: Noniinal Frequency 172 KHz 

L1flQ 
Input Voltage: +6 (Min) to +25 VOO 

0' irrent c;onsumptivn: 1.3 nA 	6VDC (Typical 

C'utput Sigrial: Nommal S(4U:3fC wave of 4 volts ainpli- 
tude peak-to-peak, capacity coupled 
with source impedarice <1,000 Ohrns. 

Series 8DP (0-700 meters) 

SEACON CONNEC1OR 
X&3-4-BL 

ENVIRONMENTAL CHARACTERISTICS 
Weight: 	 88 Dry. 2.55 lbs (1.156 Kg) Max 

8DP Dry: 3.48 lbs (1.58 Kg) Max 
8DP 700m Dry: 5.00 lbs (2.26 Kq) Max 

Housing Materials/Wetted: 	8B - Stainless Steel 
3DP-PVC Type 1 or Acetal, White 

OTHER ACCESSORIES AVA1LABLE 
• Intelligent Interface Board 
• Cblvs with Mating Connectors 

Connector Pini-Out 

P1N S1(N\I. 

1 . 1 ernperatUrc Siunat 

2 l'rcssuic Signal 

.3 Pver.SicnaI Gruund 

4 Powcr 

Pressure Instrumentation 
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Output Sicjnal: 	 55-232 rneets EIATIA 
55-465 neets EIATIA speos 

- oflRCJcyr4 ._t/p\.7r5j5:4;5 

Waijht: 	 3138 Dr 2.94 lbs 1.33 K MsX 
8CDP Dr:3 40 lhs 1.55 Kg; Max 
8CDP TOOm Dry: 5 3 lhs 0 2.26 Kq Max 

Housing Materials.!Wetted: 	8138 - Stainless Steel 
8CDP-PVC Type 1 er Acetal, VVhite 

w 
Connector Pin-Out 

PIN SIGNAL 

1 RS-2i2 to (tTiptitCr 

2 RS-232 	toto 

i Puer Siunal Ground 

4 Powur 

5 RS-485 RX 

u RS-45 RX- 

7 RS-435 Ox 

ii Rt5 IX- 

OTHER .ACCESSOR1ES 4VAILABLE 
• Model 715 Remote LCD Displsy 
• Cables with Mating Connectors 
• Power Mrdule Kit 

Depth Sensors kiteffigent Output 	Series 8000 
BURTCN CC'NNECTOR 
5O7-15Cl-CX 

Series &CDP (0 to 700 meters) 

euRT:ri:ONNECTOP 

Series 8C6 (0 to 7.000 meters) 

Frer,;uie Ferforiiiane 	 .A:;cLirs:v t'ipially better than 1.01 
Fut Sale iSee SCD) 

'JaIiI:'rate4 Teniperature Ranje: 	-2 C to +4013 

Hvstereao: 	 5138 ± 0.01% FL111 Scale 
3IDF ± Cl '113i51 Full Scale 

Releatahility 	 SCB=± 0.01% Full Scala 
8i:DP=± 0.335% Full S Lale 

CY.'er Prer,eure: 	 1 .2 Ii mes Full Scala 

Tharrnal Set isitivity: 	 <0 000ss Full 

Inpi_it Volta_îe: 	 +5. Mlii to + 16 

Current Const.tmptior: 	 1F.,5 mA )Litescent. 32 nA mcx 	+  

41340 ï43d Ave. N.E. Tel 	425 053-5700 
Radmond, WA 02352 Fax . (425) 867-5407 
Wsb: wï! por.seonttic.7:m 
E-Ma;l: o:p:rt;: . 	icn%c LITI 
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J. 

1 

Meters Model 	Part Number Dimensions inch (cm) Model 	Part Number Djmensios inch (cni) 
of H0 Dia. 	Lenth Dia. 	Length 

0-11 UDP'310-2 11 16-004-0 3.509 9 92032.7; SCDFO1O-I 1705-001-0 3.59'(6.9; 9.55)21.7: 

0-20 8DP020-2 1116-006-0 3 5003.9 3.9222.7 8CDP020-1 1705-002-0 3.5003.5- 8.55-21.7; 

0-80 8DP0,67 3-2 1116-008-0 3 5003.9' 3.92)22 7) 8CDP060-1 1705-003-0 3.50,3.9; 955i237 

9-130 BDP1 15-2 ii 16-010-0 3.5o89 8.92)22.7) 800P13O-1 1705-004-0 3 5003.9,' 8 55)21.7; 

3-200 ODP200-2 1116-012-0 350(8.9) 8.92(227) OCDP200-1 1705-005-0 3.50(8.5- 8.5521.7; 

0-270 8DP270-2 1116-014-0 3.50'9.9) 3.52032.7) 4CDP270-I 1705-4106-0 3,518 9' 8.5521.7; 

9-700 8DP705-2 1116-0.35-5 3.5'S 9 1-.513'j 	3 LL'P7 1705-307-0  

403 	735'3.a;43.544'33t9(3' '33)';),o: --.;.-':3' •:. 

1-10 8DFO10-GV-2 1117-012-0 3.505.9 8.9222.7) UC[)P01 (VI 1706-003-0 3 50;539j 8 90)22.4; 

0-15 8DF015-GV-2 1117-010-0 3.50(3.5- 8.92(227) 8CDP015-GVI 1706-002-0 3.50(8.9) 8.80(22.4) 

0-20 ODP020-GV-2 1117-004-0 3.5003.9) 8.92(22.7) 80DP020-GVI 1706-003-0 3.50(8.9) 8.80(22.4) 

0-70 6DP070-GV-2 1117-006-0 3.50(8.9) 3.92(22.7) 8CDPO7O-GVI 1706-004-0 150(8.9) 8.80(22.4) 

0-100 SDP100-GV-2 1117-012-0 150(8.9) 6.92(22.7) 8CDP100-GVI 1706-005-0 3.50(8.9) 8.80(22.4) 

3-140 F0p14"t CV 2 1117-008-0 3.5003 9, 6 e2(22.7) 8CDP14O-CVI 1706-006-0 3.50(8.9) 8 80(22.4) 

3-1400 914002 1036-002-0 1.61(4.0 995-290, ("401400-1 1700-001-0 1.61(4.0  

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(27.5) 

0-4000 8B4000-2 1036-006-0 1.61(4.0) 9.85(25.0) 8C84000-1 1700-003-0 1.61(4.0) 10.83(27.5) 

0-7000 887000-2 1036-008-0 2.17(5.5) 10.68(27.1) 8C137000-1 1700-004-0 2.17(5.51) 10.83(27,5) 

t1ori-Temperature Cc'mpertsated Versioris Optionally Available 

Paroscientific Inc. 
4500 148th Ave. N,E. 
Rednlond, WA 98052 
Tel: (425) 883-8700 
Fax: 	(425) 867-5407 	 . ., ... 

	

5support©parosd 	m entJfiG.Go EMai 
 

	

,tC.eTt,1 	not, 

?r,odtct kIbtoi b YpoOflCtttOfl Conio't 	o.tn.'. Sp.rt1tteoioo tuL'jet tto ehtttte tttthtut prtor ti(ic. 
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nteHîgent Transmtters Series 1000, 6000 & 9000 

R 4 ,1 rl GE S 
Absolute 	0-15 p s i a to C40,000 p s i a 

0-15 psig to 8200 Psic 
Differential 	0-3 psid to 0-18 psid 

FEATURES 
001 Accuracy 
1 x 1 0 Resolution 
Hiqh Stbility and Rliabilit'i 
Duel RS-232 and RS-485 lriterfai:es 
Fully Celibrated erin Chntraoterizei 
190 9001 Oualitv System - NIST Traceehie 

OPPLlCAOION \R[AS 
Metrolocj',' Oceariragr-aphv 
H -,'drology Praes 	C'oritrol 
Aerospece Eri.srgv Exploration 
Meteoroloqy Wini Tunnel lri'otriimns. ntation 

-1. 

Parcecientific Intellic rt Tronsrriitters consist of a Diqiquartz 
pressUre transclucor and a digital interface boord in an intec rol 
packags. Commarids and data reqi.iosts are srit via two-viay 
RS-232 or RS-4$5 seriol intertaces. Dftiital outputs are 
rrovidad directly in enclineei ing units with typical accuracy of 
0.01 1% over a wide temperature range. Output pressure is 
fully therrnatly ccmpensated using 0 qtiartz ciystal 
temperature sicinal All intelligent transmitters are 
proprograrnmed with colibrotion coafficients for full plug-in 
interchaiiqeability. 

Intelligent Transniitteis are available in 19 absolute pressura 
ranges from 15 psia 010 MPal to 40000 psia (276 MPa:. 6 
gauge pressure ranges from Is psiq to 200 psig. and 
clifforontial pressure rariges of 3. 6 and 18 psid. Dual RS-232 
and RS485 intorfaces allow complete remote configuration 
and control of all operating parameters, including resolution, 
sample Cate, choice of engineering units. integration time, and 
sampling requeets. Cornrnands iriclude: Single sarnple and 
send 2  synchronizsd sample and hold. continuous sample and 
send, and special burst sampling modes. 

New and onhanced feotures inclijdo support for both setial 
loop and multi-drop networking, seloctablo baud rates up to 
115-5 ,200 baud, synchronization of measuramants with time-
based integration. 2 or 4 wire R3485 tronsmission distancos 
greater than 1 kilometer. irnprovecl high-speed continuous 
pressure measuroments, a power management sleep mode, 
data fommatting features, and unit identification commands. 

The Model 715 disploys pressure and temperature data from all 
Paroscientific Intelligent transnatters that have Dual RS-232 and 
RS-485 mntorfaces. The t'vo-line. 15 charooter, olphanun -wiic 
hacklit. liquicl crystal dispicy is user c-onfkturohle :iith inoluded 
software. Disply fljnctions inctude pressure -and temperature 
values neth engineering units. overpressure wamnmnq, tere 
indmcatc.r. user defined 4ext messages. and a horizontal analoq 
bar qraph showinrj percentage of full-scala pressure. 

The Model 715 Display will respormd to dmsptay conirrmzmnds frorri  
the Transmitter. e computen or other serial host on either the 
RS-232 or RS-485 pont. For starid-alone operation, it displa's 
data whenever power is apptied to the transmitter. 

prtj 9 th i!tl10i1I 
- 

Free software is iricluded for setup, configuration, sampling, 	Al[ DigiquartTransducers come with a limited 5-yearwan-anty 
displcy, data logging, and plotting 	 with thg first 2 years coverad at 100%. 

Paroscientific, Inc 
Dgquartz'- Pressure Instrurnentatton 	.. - 	 .... 
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Digiquartz Pressure instrurnentation 
• Ranges Available: 

15 Absolute Fressure Ranoes: 
From 0-15 ps 	0.10 MP.$) to 0-10.000 psie (69 MP&. 

6 Gauçje Fressure Ranges: 
From 0-15 psig 0.10 MFa( to 0-200 psig 138 MPe) 

3 Differentiel Pressure Rancies: 0-3, 03, 0-18 psVJ (0.12 MPa) 
• Integral Miroprc.cessor EIectrûni.s 
• Dcliquartz Transclucer s,th lriteqal Shock MOLIflt 
• Frlly Temnperature Compensated end Linearized 'Jutputs 
• Duel RS-232 an.:t RS-485 Interface 
• LIsr Selec.table Pararrieters Include: 

Rclution, Sampla Rate Enoirieeririg Units, 
lnteijration Time. Samplinq Commends, Softv.are 
Recelibration Features. and Baud Pete 

• Cornpstible with the Model 715 DLsplay 

Series 6000 

lik  

1 

• Ronges Available: 
10 Absolute Prassure Ranges: 

From 0-15 psie 0.10 MPa) to 0-500 psia (3.45 MPa. 
6 Gauge Pressure Ranges: 

From (-3-15 psig (010 MPa) to (3-200 psig 0.38 MPa) 
• Miniaturized Integral Microprccessor Electronics 
• Digiquartz5  Transducer with Integral Shock Mount 
• Fully Ternperature Comperisated and Unearized Outputs 
• Duel RS-232 end RS-485 Interface 
• User Selectable Paremeters lnctude: 

Resolution, Sample Rate, Engineering Units, 
Integration Time. Sanipling Commends, Software 
Recalibretion Features. and Baud Rete 

• Compatible with the Model 715 Displcy 

Series 9000 

H 
•'1tL 

. 	

, 

• Ranges Available: 
9 Absolute Pressure Rang es: 

From 0-1000 psia (6.89MPe) to 00,000 psia (276 MPe). 
• Minieturized lnteqral Microprocessor Electronics 
• Digiquartz5  Transducer with lntegral Shock Mount 
• Fully Teniperature Compensated and Linearized Outputs 
• Duel RS-232 and RS485 Interface 
• User Setectable Parameters Include: 

Resolution, Sample Rate, Engineering Units, 
Integration Time, Sampling Commands. Software 
Recalibrabon Features, and Baud Pete 

• Compatible with the Model 715 Dieptay 

efi Digiquartz®  Pressure Instrumentation 
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i•-iDI Ftflii SM Lui 

f'ide itn' 

nteiHgent Transrntters 60 Series 1000, 00 & 9000 
Prassi me Performance 	 Typicali' 6atfar than 0 01 	Full S ale 

ilperatincI Tempemature Rançie: 

J [mr F'rsum and Geufe  Ran3es = 10)6 pal:: 	-466: t: +76i0 

Hiqh Fressure Ranles (>2000 psP: 	 .11:7 to +76 0 
8 	 8 	310 	- 	 - 

Barometric Rancje: 	 -40 0 to +5fjC 

Differentjal Pressure Ranies: 	 00 to +40 c 
_______________ • 	Tvpical Ourrerit Consumptior af +iS VOO 	 16.5 mA 

2D Typical Reolutiorr al 1 sample0ec: 	 1 pni 

En:tinerin Units 	 S Standrd cm Usar-clafind 

Band Rate Selectimn: 	 11115 to 115200 

Overpressurs: 	 1 2 s Full 3cal 
1:)1P3Bto 1 8psi 

	

Itottiri \ 	 iemiht. 	 20 oz 522 	t.1x 

RS-232 	RS -485 Conjniunicalon: 	Conit:'atible vith EIA:T IA RS-2 52 
f.crnpatihla ,jith EIA:Tl.A RS-48S 

Prassure Performance: 	 Typi-Coally hetter than 0. 	Full Scala' 

-I5i MD 0 CDLJ 

Fr 	TL 
J T'i1 

1JE PO1 )41ES WT1II 
115 RiMEg A-LDÇ E(EM 

<Je £OUIV. 

peralirimt Ternperature Ranie 

B ronitric: Ranrir: 

'Other Rnges 

Typicsl Currerit Ccnsumption at +6 vo(:. 

Typical Resolution at t scimple'sec: 

Engineering Units: 

Band ReUs Selection: 

Overpressure: 

lip \i ev 	 Side View 	Weight: 

RS-232 & RS-485 Oommurication 

-54 0 to +5) 0 

-54 0 to +7)0 

16.5 mA 

1 ppm 

S Standard cr User-defined 

300 to 115200 

1.2 x Full Scale 
5000-500A 1 x Full Scala 

60011 - 16E to 18 psia 

15.9 oz (455 cr) Max 

Cornpatihle ,th EIATIA RS-232 
Compatible with Eu.ATl,A RS-485 

MacId 9000-1 K-1 01 	Other Series 9000 Model 

* Consult transducer SCD for cletoiled specifications. 

MATEO i 	tiP SDrJD e-2i-+.it 

70 

2-Otit  

Typical Current Consumption af +6 VOO: 

Typical Resolution al 1 sample;sec: 

Enclirieering units: 

Band Rate Selection: 

Overpressure: 

Weight: 

RS-232 & RS-485 Communication: 

165 mA 

1 ppm 

S Standard or User-defineci 

300 tel 115200 

1.2 x Full Scala 
30K & 40K Only— 1.1 x Full Scale 

2K to 40K - 10.83 oz (307 q) Max 
IK -21:36 oz (606 g)Mcex 

Compatible with EIATIA RS-232 
Compatible with EIA'TIA RS-485 

Pressure Performance: 

iie 0.791 	Operating Tamperature Range: 
[x e 

Typicallv better than 0.01% Full Scale 

IK —10Cto+70'C 
2Kto lOK 0C to +7OC 

15K to 40K O'O to +50 

Dirnensions are in inches - parenthesized dimesioro are in centimeters 

Paroscientific, Inc. .15(10 14810 Aeenua N E. 
F'drind ISA. IJSA 5.805251°-t 

mi 	i 425'. 883-8701 1  
Fa :123 507.55C  7 
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Use of ROl ADCP Waves Array Multi-Directional Wave 
Measurements 

ADInstrurnents 	9855 BusinessparkAve 

Acoustic Doppler Solutions 	 San Diego, CA92131 
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 EXAMFLE 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 resuits 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 
resuits stem from our focusing on the signal rather than averaging out noise. When RD 
lnstruments prevlously 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 lnstruments 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 automaticafly. Support staff is readily 
available at Rol. Enjoy low lifetime costs of our durable, long-lived equipment 

2.0 SUMMARY OF ADCP WAVES ARRAY FEATURES 

Feature ROl Remark 

Workhorse  

Wave Array Array processing provides un-biased measurements in many 

Measurement conditions where PUV measurements provide biased 

Technique measurements. 	1f 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 resulting in higher quality directional waves data. 
Acoustic systems that use a "noisy" NarrowBand signal 
processing will produce directional wave resuits of equal to or 
lesser guality 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 
technigues. 

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. 	1f a near bottom 
pressure sensor is used in 17 meters water depth, errors in 
Hs of up to 25% could be experienced due to attenuatjon 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 langer deployments and sampling of 

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

Workhorse  

PCMCIA Memory YES ROl 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 factoy_ 

Manufacturer YES International Standards Organization ensures repeatable 
S09001 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 
Broad Band precison allow for narrower beam angles and 
measurements 4% closer to the surface than systems that 
rely on NarrowBand techniques with 25 degree be am  

Number of 4 ROl 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 Fing 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 
freguency 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. 1f higher frequency wave 
information are required, the ADCP must be moved into shallower water. 

BM Settrrçs ':ev B •p 

Enerronmentei Setop Prolilung Selup.  

Trenoducer DepIS  Punpo Per Enrrrble Fust Cuti Neon.. 1,18 no 

Srnfruty 	[OS 	- NuerberotDepth CuIls2 7  LontCui Rotroe: 5815 0 

Mtryo5cVtrr,ndon 	0 Deprh CO Si,. j2 MeoPueqe E22 nn 

Tpertute 	5 	C Mode Steodord De'.ot 	n 5. 1 006  seSe 

EeseeuSlu Suze: 035 

DepteyreenlTtrrengSetsp. 	 -  
StoreeuRequurred MB 

Dorutrert 	30 
Wenen eetop Per t Ord 5 ____________ 

Enoerebto ruteunrel 	00 100080 ttrrrstDuret,rrn IT.II] trio 
Uneqe 

oettoryPeNeUseqe 2 -3 

F1nr3lnr 	 T: e0e\seeeBursts 
_________ 
1:0 

SmptooPerwovnzBurnt F210 
Co(teC Meten Cola (Moore-d) Eluru. S bnern'ob e W.uve Panod For. 

trtrng reme 	eioer Deplrent 
Non lureRon 	Data nec 

Deecsooel Dato. 557 ccc 

Somt Sce 1 57f) Mdce 

Workhc'rs 	N005joe! 320 kHej Hich Pes/ 3 BOttFr 	Peck/ Mernorv 448 MB! WovFs 
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4.0 EXAMPLE DATA OUTPUT (50 meter depth deployment) 
The following screen dumps correspond to a similar, deep water depioyment of a 300kHz 
WorkHorse Sentinel that was deptoyed 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: 

Summary Parameters: 

-v Jrr' 
<>J  
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Nori-Directional Spectra - showing three redundant measurements (note: measurements 
to 0.45 hz in 50 meters water depth). 

Directional Spectra - showing quality directional data to 0.25 hz in 50 meters water depth. 

____. 	' 	?. 	.............. ... 	. 	. ........ 	. ......... 	.. 	. 

UDL ... . ........... ....... 	 • , 1 	. 	. . . .-' 	. 

s.• 	 . 	. 	. 
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AWAC (QMETRIX) 
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• 	 . 	.. 	 . 	 . 

CTM AWA 
• Wave height and direction 
• Full current profile 

All with a single instrument 

Wich the Nortek .AWAC. you get a current pro-

filor and a wave dirostional system in one unit 

You can measure the current speed and direc-

tion in 1 -m thick Iayers from the botton, to the 

surface and you can measure Jong waves. storm 

waves. short wind wavas. er transient waves gen-

eratcd by local ship traffic. 

The AWAC is dcsigned as a coastal monitoring 

system. It is small. rugged. and suitable for multi-

year operatiori in tough environments. It can be 

operated online er in stand-alone mode whh an 

internal recorder and batteries. 

The sensor is usually niounted itt a frame on 

the bottom. protected from the har-sh weather 

and passing ship traffic. 

The mechanical design is all plastic and tita-

nium to avoid corrosion. Online systems can be 

delivered witlt protected cables. interface units 

on shore, and backup batteries and recorder, in 

starid-alone' use, the raw data 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 heurly wave data (8 months with 

Lithium batteries). 

Sgn5ni W,ve Heighi 

	

11 	A. 

J•l -'- 

	

n 	in 

The AWAC w5h .AST firnw.,re optton hns 5''n depkyoi fot 

cornpcirison with want d ectinnnii) boyt ol over the world. The 
shott segosent thans a wat condutttd hy Nnuek e'orrner Thetis 

S/t offtJte søijth (Oost of Franco. 

'5 	'1 

AST breakthrough 

'I.'ah the eprional .Acoustic Surtice Tracking 

(AST) firmware you can messure the long woves 

(Oweil). storm wave's and the short wcives gener-

ted froin local wmrds. Noreover. the AST ilso 

gives you the abifity to dccive wave os mimeters 

based en t:sws e;mes osofyset, whieh is t major ad-
vntage relative :o the c'assicni bottorn mounted 

systems that derive the wave parameters from 

spectral estmmates of pressure er eelocity. This 
means that AWAC can d(rectly measure wave 

parameters such as H,.,. H, 50. eet. which 
other bettom mounted systems sirnply tarinet. 

Software 

The AWAC software is used to configure the 

instrument for depleynsent, ratrieve the data 

and corrnert all data files te ASCII, and view all 

the measured current profiles and wave data. 

In order te tIcultte the wave parameters. the 

non-gri phical WtveExtract software will gen-

erate ASCII files with all the interesting wave 

pat-arneters. 

For long term projects wmth multiple deploy-

merits and/er multiple stations, pleise contact 

Nortok to reteive the latest isforn-maton cm, the 

Nordis generatiars software For syscem mncegra-

tors. individuil DLL and ActiveX' elemnenta are 

avaulable for integratien into Windows' er Win-

dows0  CE applicatiomms. 

.5 
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Specifications 

System 
Acoustk frequency i MHz or 600kHz 
Acoustic beoms 4 beams, one vercical, 

chree slarice-d at 25 
Operotionol modes Scand-alone or long term 

monitoring 

Current profile 
Maximum range 30m (1MHz). SOm (600kHz) 

(depends on local 
conditions) 

Depth telt size 0.4- 4.0m (t MI-lz) 
0.5-8.0m (600kHz) 

Narnber of zeUs Typicl 20-40. max. 128 
Maximum xutput rote Is 

Wave data 
Maximum depth 40m (1MHz), 60m 600kHz) 
Dato types Pressure. one velocicy 

telt abn8 each slanced 
beam. disranze to surface 

Cel) s,ze 0.4 - 4.0 tfl (1MHZ) 
0.5-8.0w (600kHz) 

Sampling race (output) 1 Hz12 Hz. 2Hz (4Hz AST) 
No. ofsomples per burst 512, 1024. or 2048 

Velocity rneasurements 
Vefocityrange t lOnis horizoncal, 

sSm(s abong beam 
(Enquire for higher ranges) 

Accuracy 1% of measured value 
±0.5 cmis 

Doppler uncertamty 
-Woxex 3.5cmlsac 1Hzfor2rn 

celis 
- Cwrent profule i cm/s (typical) 

Sensors 
Temperdture 	Thermiswr embedded in bood 

• Range:-4'C to 40C 
- Accuracy/ Resolucion: 0. l'CI 
0.0!C 

- Time constant: <10 min 
Corn pass Flux-gaxe with liquid tilt 

- Maximum tilc 30 
- Accuracy/Rcsolutioo: 2'10.1' for 
tilt <20' 

Tilt Liquid level 
- Accuracy/Resobution: 0.2'110.l' 
- Up or doven: Automacic detect 

Pressure Piezoresistive 
- Range: 0-50m (standard) 
- Accuracy/Resolution: 0.5% of full 
scale! Better than 0.005% of full 
scale per sample 

Data Recordiog 
capatscy 
(standord 2 MB, expandable to 261821154MB 
Frofile record fcellsx9 + 120 
Wave record #sarnplesx24 4 46 

Data Ccammunication 
I/O RS-232 or RS-422 
Boud Cate 300-115200 
User control Handled via AWAC' software or 

ActiveX° controls 

Power 
DCinpui 10-16 ±l0%VDC 
f'eak cu,rent 2A 
Operat:ng power 
conswnpt ton 1W (typical) 

SVASEK 

Online application 

The AWAC is designed with long term moni-  interfaces for GSM or analog telephorte with 

toring in mmd. The optional 48-Volt interface 
	automatic download from the internal re- 

uflit cao be used to drive cables that are 5 
	

corder. Bacteries and internal recorder cari 

km long and contains options for a variety 
	

be used in coniunction with 00(10e systems 

of commurtication mnterfaces. This includes 
	

for backup purposes. 

direct links using cable or, radio as wel! as 

Wave measurernents 

The 	AWAC 	provides 	three 	iridependent StandardOutputParametersforoystemswith 

methods 	for 	measuring 	waveheight 	and AST: H 113, H,115 , H , , T113  T1115 , T. T,,,,,,,, T k, 

period. The three mechods utilize the pres- L 13 , L 5 . L, Peak Directicin. Mean Direction, 

sure, orbical vebocity, and 	acouscic surface Directiorsa! Spreading, Unidirectivity Index 

trackirig (optional). These three independerit 

rneasurements provide art internal check so 

that the processed estimates cao be checked Specifications: 

against each other. Height Resolution: 	t mm 

Directional estimates are derived from Height Accuracy: 	t cm 

the pr-ojected array of velocity measurement Height Range: 	 0-20rn 

cells. The processing technique is known as Period Resolution: 	0.01 sec 

the Mctximurrt Ljkelihood Methed (MLM). This Period Accuracy: 	0.1 sec 

adv±nced approach of estimating wave direc- Period Range: 	 OS-lOO sec 

tion altows For wave events from independent Direcdon Accuracy: 	2 

directions to be 	resolved, unlike 	standard Direction Resolution: 	1" 

sing(e point measurernent methods. 
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AQUADOPP (Qmetrix) 
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.1 	1 

Open water Current Meter (3D) 

rc 5;aton. 	t 

to 	:t0t71•: fJOfil'73do; :3 
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but -tcan ho ooerated fro'n 71,' 1oct Dart; 
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Software 
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Wave directional spectra 
The 3:rcpp no ho conrured 10 Ch Oct 
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SVASEK 

Water Veocity Measurement 
± S m!s tintuirs for higher rangesi 

76 	rr'ezsurso value ± 03 cr.1s 

tnzuzz siimp!ir.t 

Hz. 2 or 1 la on reçueSt 

L'zznrr;i sanzt'ng 'me 23 I-'r 

Measurernent area 
Me'sre'e'zt rSi' S., 	0 / '1 

tsuçe'n€iv C&i 

(ster seietHnl 	0.35 5.0 r'z 

De5zz: stii-' 
3.35.13 rr 

Doppksr uncertairtty (noise) 

ce5zarzcf'grr. 	05 i.0zm.5 

	

'me 	.5 zrit 

Echo Intensity 
Arcsszz :'sqL€rzy 	2 MHz 

0-15 cB 

'6) cEl 

Sensors 
Therr-.iszor err.bedced in haat 

4'Czo400C 
• 	Çf6ESCLtCn 	2'CJG.Oi 'C 

• Time razporae 	12 rHn 

Cc- sas 	Flux-gate aith IstuiO 

• Maximum tilt 
zijr/RSL'tcrt 20.." fortilt <20" 

Linuid Ie'.'el 
• 4c ct/ReS.niLt'ut 0.26)0. fortilt <20" 

• UP cc zes 	Aufomtac detea 

PmasL.re 	 Piezoreuazise 

• R'jre 	 0.-200rstaadaid3 
• Ac sa/RnsoaOon 05% / Bettsr than 0.005% 

of 'lul male persarsple 

Arialog inputs 
Ntarzbar cmf6'jra'als 	2 

'/altitge ssptziy 	20. Hardware os be r"o if int to 

provide SV or bactery voltage 

'&dtage 'nrut 	6 bit .A/D 

Data Communication 
10 	 RS-231 RS-422, or analog outputu 

bast rote 	300- 115200 

iJzer çcrtrOt 	HanIed Aix 'vVIN32 toFtwara, 

Ach-eX tjnctioo cIIs, or direct 
commands szith binarg orASCII cata 
output 

Software ("Aquadopp") 
Operiztirg sattem 	WIN95, 98, 2000, NT 4.0, > 

F.mcrsrs 	Deployrnent planning start with 
alarm, data retrieval, ASCII conver-

siori. Online data collection and 

graphical display. Test modes. 

Data Recording 
Copocity (stuazi/crd) 2MB, exparidable to 22MB or 78MB 

Outs record 40 bytes 

Disgr.osde record 40 btet 

Power 
DCiizpait 9..16VDC 

Peuk arrest 2A at I2VDC (toer adjustable) 

Alsx. conssnzptkrz. 	Hz 	22 	F1) 'A/ 

Asg zcreavp 'zat, 

002 Hz 01 W 

0002H2 001W 

Ilarm tans 	pttrt 00013 W 

&'ttas- oycJctc SOWh. [sten-ad 6000m 

,erdon lam two bazar' 
pazkz (ie. double capacitst 

butler, .oitge 35) ''DC 

Outs co6et'c" çimta6ra al rnonthsat 	0-min. 	1.5 SmIt toise 

Dl 	Sct'ieStiiti 	(fttzizn) 18 months at 	 0-min, ± .5 trois noae 

Con nectors 
BozmJzi0sipcs6) 	LPMIIH-5-FS 

;Lrzn:n trzxfliurr p:ionslf 

Cie 	 LPN(IL 5-HP zei Str' rap rare mble 

M aterials 
j.'aacj 'ras 	0 sla' and poI 5-u,ethar'e pIic' 

,vsh zit smrium zzrna,-a 

En vi ron m enta 
iJtmst''g '-sei 	we PC to 43"C 

Siysnr iemtinmvrs 50_t 6C'C 

Stad ,tr'J,:ha.ryaq IEC 721-32 

?'nszurn mtitç 30Cm 
ipre;sure sensor OK za 	.5nrangei 

Antifouling paint 
May be xpplie5 zo all zurflsces 

D imens ion s 
Diameter. 75mrn 

Length: 550rrrrt esith battenes 
or450mrni 

t'nay 3.5kg 

Veitn_a.6e Neutral 

Optons 
,w,'st,ç bettrriz Seieral ciF%rerrt sensor hescs 

available. Sea snparste npecrficzition 
sheet 

Lithium or rechat-geable 0.- lon 
bzt:erim uvailable 

[xzernal battery 4 battery packs in 75 mm diartzezeiz 
SOOrrm Iersgth. Externai canister 

Connectcii-s LPMBH-S-FS mde PLPMIL-8-MP os 
lOm polyurnthane cuble for optionni 
P5422 or P5232 with analog input. 

'€1  
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DIRECTIONAL WAVEGUIDE (RADAC) 
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SVASEK 

Wave & Tide monitor WaveGuide 

TERMS & CONDITJONS 

Prices Euros, 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 	:15kg 

- 	 Groas weight 	20 kg 
- 	 Volume 	012 m3  

Payrnent 60% at moment of order 
40% within 30 days after deliver, 

Guaranlee 12 months after delivery,  

Country of crigin The Netherlands. 
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SVASEK 

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 Gauges available at the market. 
Thev concluded in their final report that the measuring principle is that stable and accurate that it con replace 
their stilling weils (standard equipment for measuring sealevel rising and tdes) and their stepgauges (the 
standard for measuring waves). 

The WaveGuide is based upon Enrafs Smartradar. Stability and durability for uninterrupted operation is 
guaranteed by the targe 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): 

App/ication of advanced ûnd pr oven technologies: 

SmartRadar is a level gauge originalty developed for accurate tank inventory rrieasurement. Enraf has 
obtained a large nuniber of cerOficates for SmartRadar under which approvals for custody transfer. Over 
2000 units have been installed under sometimes extreme condittons, which makes it a proven 
technology. 

ALso suitablo for hugo waves 

The SmartRadar isa FMCW radar. With each radar sweap (up to 5.12 l-Iz) 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. 

Remote service facilities 
Via the Service Tool the WaveGuide con be serviced via all kind of facilities. Direct corinection with a 
laptop. dial in via GSM modem and via a TCPIIP rietwork with the WaveGuide Server. 

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

Planar arifenna technology: 

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. 

Excel/ent long term stability. no recalibration required 

SmartRadarWaveGuide 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. 

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 	 1 of 5 	 Radac 

Wave measurement instrument 	 MVDB/0445311 309 

Final report 	 - 189 - 	 November, 2004 



Wave & Tide monitor WaveGuide 

8. No rnaintenance 

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

9 Safe and îe/ab/e onder all 'ieiat/ier coiiditioris 

WaveGuide is provided with a unique lightning protection system using galvanic separation to avoid 
damage dunng thunderstorms 

10. H,cjh ,e!iabiity 

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

WaveGuicle Server 

WaveGuide con be connected via a WaveGuide Server (WGS). The WGS %i , a small box w/th an emhedded PC 
running Linux) couples the Wavegude to the outside world (eg. Via a radiolink. GSM modem or standard TCP/IP 
network. This gives all the facilities of remote operation as: 

- Remote service (trouble shooting and software updates from any location) via a standard webbrowsar 

- Processing at dataloaging at the WaeGuide Server. Archiving and presentation at any computer within the 

network via a standard webbrcwser (eg. Internet Expiorer). The analysis software includes the SIIVAP 

program iStandard Wave Analysis Program) in accordance with the Rijkswaterstaat and E&P forum 

requirements Data con be stored in daytiles Actual and historical data can be downloaded and presented 

anywhere withrn the network. 

- Datadistributton. A user con subscribe himself to real time data (raw data or processed parameters). The 

data will be send by the netwerk (TCP/IP messages) via a comport or over 50km via a HF radiolink 

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

- A GPS receiver (optional) for exact time stampling and syrtchronisation of measurements. (A must for 

wavedirection measurernents). 

- A CSM modem (optional) for communication via SMS messages. 
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Wave & Tide monitor WaveGuide 

Technicat description 

SmartRadar LT level gauge type MRAG973YZBRI205. 

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

- Weight 
- Dimensions 
- Cable entries 
- Mains supply 
- Explosion proof 
- Housing material 
- Lightning protection 
- Held communication 
- Ambient temp. range 

Storage temp. range 
- Operating frequency 
- Signal processing 
- Planar antenna 
- Antenna material 
- The antenna stem length 
- Measunng principle 
- Measuring resolution 
- Transmitting resolution 
- Measuring range is 
- Sample frequency 

WaveGuide Server 

11 kg 
diameter 250 mm x 400 mm 
3 pieces 3/4 NPT 
110-220V. 50/60 Hz (24-64 V-DC also available) 6W 
Class 1 Division 1 Groups B,C.D T4, according to NEMA Type 4 
chrornatized aluminum 
fully galvanic separation via transformers 
RS232 (RS485 also available) 
-40°C to +65°C 
-50°C to +85°C Antenna Unit: 
X-hand (9.15 to 10.85 GHz) 
Digital Signal Processing (DSP) 
F08 for mounting in free space 
stainless steel AISI 316 and FEP 
5 cm, 
FM synthesized pulse reflectometer 
3 mm 
10 mm 
0-60 m 
2 or 2.56 Hz 

The WaveGuide Server couples the Radar to the computer of the user via, compact Flash card. LAN. cornport, 
telephone line, moble telephone or HF radio,. The unit is not explosion proof, so it shali 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 'IvaveGuide serisors can be added to one WaveGuide server by adding an extra 
comport. 

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 processingldataloggîng 

Same as the tide processing/datalogging u  option 
+ 

• Processing to wave parameters (mean wave height, significant wave height, maximum wave height 
and energy derisity 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). 
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Wave & Tide monitor WaveGuide 

Price summery 

WaveGuide Vvaterlevel/ Tde 	wth FOBantenna 

2 

	

	
WaveGuide Waves and Tde with F08antenna 

WaveGuide Server 

4 
	

WaveGuide Server option tide processing! datalogging 

5 
	

WaveGuide Server option 'wave and tide processing/ datalogging 

(ex VAT' 

5.200,--

14265.--

2.200,--

1.200,--

2.500.-- 
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SVASEK 
77777777 

Wave & Tide monitor WaveGuide 

TERMS & CONDITIONS 

Prices : 	 Euro's. Net. Excluding V.A.T. 

Quotation validity : 	 90 days. 

Delivery time 6 weeks after wntten receipt of order. 

Packing Estimated packing details for SmartRadar WaveGuide: 
- 	Net weight 	: 15 kg 
- 	Gross weight 	20 kg 
- 	 Volume 	0,12 m3  

Payrnent 60% at moment of order 
40% within 30 days after delivery 

Guarantee : 	 12 months after delivery. 

Country of origin The Nethertands. 
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SM 050 MkIII (MIROS) 
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• Directional Wave Spectra 
• Surface Current 

Available for: 
Fixed Pafforms 

• Floating Structures 

The SM-050 Wave & Current Radar System provides: 

• Ease of Operation 	• High Reliability 
• Excellent Data Quality 	• Low Maintenance Oost 
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SM 050 MkIII (MIROS) 
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• Floating Structures 

Your D pohfable SV 1 

The SM-050 Wave & Current Radar System provides: 
• Ease of Operation 	• High Reliability 
• Exoeflent Data Quality 	• Low Maintenance Oost 
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UNIQUE CONCEPT 	 FLOATING STRUCTURES 

The SM-050 Wave and Current Radar is a unique 
high performance remote sensor for rnessurement of 
duectional wave spectra and sui face cunent. It is the 
only sensor in the world utilizirig dual footprint pulse 
Doppler method for wave measuremertts, and 
rnicrowave deal frequency method for measuring 
surface current. 

PROVEN TECHNOLOGY 

The radar was oqinally developed in the early 
1 80s. It has been thoroughly tested and keet 
continuously tipdted to meet latest requirements 

MklU ENHAt'JCEMENTS 

The present Mk III version encomoasses a new Dgital 
SicmaI Processor and upgraded Cabinet for the SM-
O503. improving performance and relinbility of the 
radar. The software is in addrtion totally redesigned 
with iniproved algorithms and user interface. 

VERIFIED ACCURACY 

The accuracy of the sensor flas been verifled in a 
number of independent comparisons. The data quality 
is al the same level as high performance buoys, bul 
with higher availability. 

PENETRATES PRECIPITATION 

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

HIGH RELIABILITY 

The previous Mk II version has proved to be a reliable 
sensor. Mk III enl -lancements will bnng the sensor one 
snificant step further. 

EA5E OF OPERA11ON 

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

EXCELLENT SERVICE ACCESS 

All major eomponents in the radar are easily 
accessible. Comparable sensors are nornially 
deployed in the sea, making service tedious and 
expensive. 

LOW OPERATING COST 

The radar is all solid state without magnetron or high 
frequency tubes. It bas (except for a few fans) no 
rotating parts. Operating cost is cônsequently very 
low. 

The SM-05013 has to be fitted with an optional Motion 
Reference Unit (MRU) whn applied en floating 
strctures such as sernis, drili ships, FPSOs, FSUs 
etc. The radar witli MRU is designed for use on 
statioriary unrts, bul reasonable rneasurements may 
be obtained during transit at speeds up to 6-8 knots. 
The MRU may also be utiïzed for motion monitoiing. 
(Motion Monitorinq Systems, iricluding Helideck 
Monitoring are available from Miros AiS.) 

m  im 
t 	SM-05013 	1 
WAVE & CURRENT 
t 	RADAR 	1 

JUNCT1O?'4 

BOX 

I- OUT000R 

INDOOR 
Optional 

INTERFACE 

Ut4IT 

DATA PROCESSING 
AND 

DÎSPLAY COMPUTER 
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PRINCIPLES OF OPERATION 	 COMPUTER 
The radar observes the ocean surface in a serni-circie 
af a distance of 180-450 m depending an the 
installa:ion heicht. Recommerided moLnting heiglit for 
the SM-05013 is 20 to 100 rn above sea level, on a 
location whicli provides a minimum of 150 dear view 
13f the ccean surface. 

Six 3C °  sectors are scanned in sequence. The 
observation fcotprint is 75 m dee.p (horizontahy). 
Oastrutions between the radar and the footprint 
(suppiy vessets etc) should be avoided 

The radar frequency aas been chosen to obtsin a 
strong edho from the capillary waver. They are 
normafy present at wind speed above 2 m/s. 

RADAR INSTALLATION 

The SM-05013 is easy to instail. The unit is fitted with 5 
m cable tails which enables installation without 
accessing the iriterior of the radar. Optional Pedestal 
and mounting Skid are available to optimize the 
installation and hence reduce installation time. 

OPT1ONAL SI-IOCKABSORBER 

An oplional Shock Absorber KIL is avaitable for the 
SM-05013. The kit is recummended for vessels with 
heavy rnOtiorlS. 

OPTIONAL COOLING 

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

The Wave & Current Radar Processina & Display 
Computer is a stendaid PC with conriectiort to the 
Interface Unit and a LAN connection to external 
systems which may access files for realtime use. Real 
time data may in additon be fransmitted en a senal 
line. The PC is eqeipped with CD-RW device for 
historical data archivinq. Marinized and/er 19' rack 
mount versions of the computer are available ort 
request. 

SOFTWARE 
The .SM-050 MktIt software package is highly modular 
and encompasses scphisticated atgoritt'ms for hitering 
and processing of data. A single user data display 
applidation is ineludect. 

OPTIONAL INPUTS 

The Computer may receive heading, speed, time and 
position data en NMEÂ tormat for logging with the 
measured wave and current data by use of optional 
software. 

USER INTERFACE 

The user inferfacce is configurahie and provides 
different types of visuslisstion. snch as large single 
parameter windows, perameter tables, historical 
graphs with zooming cepabitities, 2D & 3D directienal 
spectrum, freq uency spectrum etc. 

SYSTEM MONITORING 

Alarms and system status are preserited to the 
operator. Maintenance persannel will Tind useful 
information for fault locatiort and rectification. 

UPOftADE POTENT1AL 

Optional software will enable expansion to a full 
MetOcean system with interfaces to a number of 
sensors. The upgrade includes full integratiori with an 
SQL database (Oracle) and easy to implement 
LAN/WAN presentation of data to a high number of 
users. 

Typical Dsplay configurahen suitable fcr daily plannirg of sctiities 
inftuenced by the sea state. 
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SVASEK 

Measurement Performance 

Dlrectiorlal Spectra . 	Wave Data From Directional spectra 

D(rechons 	 30 	 . Range 	Error 	Reao(ution 
Dir<clanal Resolut(on 	1 C>  HeighL 	0 - 3Cm 	± 5% 	ai 
Frequericies: 	32 . 	Fertod. 	3-305 	± 5% 	. 	01 
Frequerrcy Rroo(ution 	0.01 Hz Cireetmn. 	1 - 380 	± T' 	1' 
rrequcyRange 	00-03Hz' 	 . 	. . 	 . 
Updte (nterva(. 	25 mure5 . 	Surface Current 	. 	 . 
Avmagng Time: 	45 minutes defeult . . 	.. 	 . 

Range 	Error 	. Resolution 
Meglitude: 	0 	2.5 rn!s 	± 080 nl/s 	0.01 nl/s 
Criecton: 	1 - 30-0' 	± T' 	t' 

Crcy0i-m0-3(O.0-0.03-4z)omnotuscdfor Upd3te(nterV: ISminures. 
wevo calcuatio versge19 lrn' 80 mine 	dfault 

SM 05013 Specification 

PhyslcaI Specification 	. 	. . 	. . 	Electrical Specificatrnns 	 ... : 

Heght: 	. 	 870 rem . 	900 ron') 	. 	. . . 	Frequerrcy of cperation: 	5.13 GHz  
Widttr 	 9C0 rem 	(1109 mm') 	. . Futen Earidwicth: 	20MHZ 	. . 	 . 	. 
Depth 	 'tO mm 	3980 mm Anienna B,arrwrc n 	24 	3d31 
VeIght 	 85kg 	(125kg ) Pn enna Gain 	18dB 
Material: 	 Aijroinum ,j 57S 	 . 	•:: Nurnber ofAnterrnas: 	6 
Finish: 	 Enarrelled 	 . 	. 	. Tansmdte- Power; 	lOWseek. 275 mWaverage 
Cotour' 	 Grey PAL 7035 	. 	... .. 	Pnwrr Reqair<ments 	110- 730 VAC 47-400 H r. 

PownrConsurriprdn: 	<300W 	(<500W') 

Environmental Specification EMC: 	 EN 5C0e1-2:1 993 (Emmeren) 
EN 5C082-2.1995 (Imreursty) 

Tenrperstrrm 	-1to +30'C (+4D"3') 
Humidity: 	 0-100%RH 
Cabinet: 	 IEC I?-66 
Wrnd Ratirg: 	<75 ns/s 'With optwnal Coolrr,g Urirt and Sun Shield. 

anterrace pecmcation 
Serial Output 	 . Optional Inputs 

RS'422A5C11 coced. 9600 o/s 	 .. Headarg: 
rgiros DF-022 format 	 . 	.. 	. .. Posi:ion: 

Tmo&3peeO: 
Fîles available via LAN Date & lima: 

Raw Da: 	 Miros 0E-025 format 
Spectrum: 	 Miros DF-038 framat 
Scatar Parameters: 	tv5ros DF-037 format 

RS-422 NMEA (HOT sentence) 
RS-422 NMEA (GlUGGAsentence) 
RC-422 NMEA (VTG sentence) 
RS-422 NMEA (ZDA senterree) 

Available Services 	 . 
Installation and Commissioning 
Remote Supetvison via ntemst. 
Post processing, verillcathn and analysisof data 

Optional Items for SM-05013 
Motion Compeosatron Kit (MRU) 
Ccoting Unit 
Sun Shietd 
Shock Absorber Ur.it 
Pedestal 
Shid 

System Options 
Cables from J8 to IU and from JB tornains 
Marin±ed Computer 
19' nak sokdinn for Computer andili 
Spare parts 
Upgrade to full Metücean Systern i oct Motn Monitoring 

Miros A/S, Solbrâveien 32,.P0. Box 364, 
NO-1372 Asker, Norway. i1EiI1W Tel. (+47) 66 98 75 00, Fax: (-i-47) 6690 41 70 
E-mail: officemiros.no  - Web site: wWw.mirosno 

> 

8 
S 
0 
8 
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THE ON-LINE WAVE MONITORNG SYSTEM FOR VESSELS WHERE SAFETY 
AND OPE RA11ON AL EFFICIENCY IS A MANAGEMENT PRIME CONCERN 

Jt 

T 

T 
--" 	 ' 
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WAVEX 	. 

the online 

DIRECTIONAL WAVE MONFFORING SYSTEM 
operafional af crny vessel speed or from shore to sea 	... 	. . 	. 	. 

High Speed Crafts 	Research, Service and Naval Vessels 	Offshore Units 	. 
Traditionat Vessets 	Harbour- and Coaslal Water Monitoring 

• Monitor significcint wave height online 	 . o Safer and smoother passages 
• Reduce heavy weather huil and cargo damage 	• lmprove regukzrify 

The WAVEX systern was conceived by MIROS in 1988-90 and provided for research purposes. A coopercaion 
agreement with Dat Norske Veritas and Sterta Recieri A&.wcrs entered into and Miros developed during 1996-99 
ci cornrneroal systern far use on baard vessels in transit, offshore units and shore sites, The system bas been 
suhjected to ci long term verihcatian program in the Noh Sea collectin.g ansI analysing more than 4.000 sets of 
data against a reference sensor for a peniod of obout one year. The program proved the dependability and the 
accuracy of the WAVEX system. WAVEX is now ci very useful tool providirtg the .shipls navigator and crew 
with both historia and real time information on wave parcrneters beng encountered. Addilionali>' current 

:. 	information is avaThble as an option. 	 ., 	. 	. 	 ... 	., .,. 

WAVEX is especiauly helpful in heavy weather and during the  
hours of dcrkness. lt enables the ship's crew to monitor the sea  
and wave condition and provides information regarding 
increusing or decreosing weather and wave heights. The crew ' ... 
can thus optimuze thervessel speed and course without waiting r 

for daylight In the ca 	of offshore instaulations WAVEX enhances . 
operatlonal satety 

For h19h speed crafts WAVEX provTdes information on 
signiFicant wave height which is cia operational parameter used . 
hy authonties and c1ass WAVEX will help to ïmprove regularity 
for such vessels and result in scifer and smootben passages for 
all types of possenger 5hu. -, 

For trciditional displacemerit vessels sucli as shuttle tankers 
arpe ankers, bulk carriers and fast container vessels, WAVEX :- 
is also ci taal For reducing buil and cargo domage in heavy 
weather ether as a stand done system or as part of ci hall 	-- 
monitoring system.  

The Wavex System is type approved by Det Norske Veritos  
accordlinçj to their Rules for Clossification of Ships and Mol:?iks 	. . 
Offshore Units, Certificate Na.A-7338. The "ïype Approval 
Ceitificate' confirrns the functionality and accuracy of the  
Wuvex Systam. This is the first certificate issued for any, such 
"Wave Monitoring System" by DNV and ii underlines the tcict  
that-  this type of equipment is considered and becomin 	more 
and more important in connection with design and daily 	.: 
operaliors of bath traditional ships, high speed crofts and . 	..'- 
offshore units.  

Marine insurance damage statislics provided by Cofor shows .., 
that Heav>' Weather Damaga stands for 	3.6% of the cost of  
casualty claims in the yearsl 990-97. 	 . 	. 
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DATA PRESENTAflON 
BY 

USER ORIENTED SOFTWARE 
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WAVEX GUI is a MIROS Windows-NT based wave dala presentation program. 
WAVEX provides historic and real time 	 A nurnber of dato windows an be orranged in any 

ve data for: 	 cambination and the setup scwed Cor  easy availability: 

• Significant wave height 	 • Up to B 'lorge single txirameter  windows 
Maximum wave hht 	 - 	e Up to 4 double parumeter history  diagrams 

• Meen zero up-crossing period 	 • Parameter hsf 
• Primary wave peuk period 	 • Parcimeter time series 
• Primary wave velocity 	 • 	. Frequency spectrum 
• Primary wave length 	 - 	Directional spectrum 
• Primary wave peak direction 	 : 	• Polor and/or Cartesian radar imrjQe 
• Total energy peak direction 	 • Radar imago 
• Total energy directionol spread 	 - 	 • Frec1oency / Direction spectrum 

Ei9ht sereen presels er user confgurotfons are avaifoble edth the push of o huttom An 'urilirnited number oF custom 
made configurations con bis stored and ciccessed with ci few mouse dicks. 
Surfoce current data are optionally available for shore based and stationery installations 
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SM-094 RANGE FINDER 
The MIROS Rane Findet is deskned for measuramont of 

Airçjaa arst drauctht 
Ooean waca tjrofiles and tidal variatft'ns 

- 	Nater level in demo. hvers. oana s 	akesetc.  

The sensor ernits a microwava EM chira sinai ar.d recoives the echo 
from the water surfece The sqriut proniz;oteii delay gi000 by the 
rlistance from the antenra to the ecter sJrtac;o caases 	beet siqnal 
in the recei'jer. By means of adcance t si( -inai processing the bent 
Frequency is converterf te cri ecuiabir:tnnce. 

The pianar patcd antann.o resuits in ercaJ 	hosicci rjimensi000 and mw weiuht. 

The EM chirp is acoerated by a diaitaJF, synthesizel frequency sweep oscillator with ahsotut 	frequeiiov linearity 
and hah stability. The 000sc:r therefore pftel. les eccurate motie tnetsuieinenrs and htcth boei teini stabeity 

Doe to the ow frequenc.v of operation irnnipated to laser Seosor-o , . 
top. rain and water spray wUl riOt cause meesuremeni problems. 

The sensor sirinCl prosirg is 	erfor -i-o bv e n 	rri- orererer Th 
sens,or provides bi- rneasun'b range a 	cli is di i ericed t-anne 
'oh 1 mm resobutio 1 Avei ajiri i t me L. in- not rnav Ne s-lcct-d 155  jsr t 

The sianal output mei erther be t 	ntiniioua W sel-cted rate or 'n1e 
neasurements in reponse to user requc 

SM-094 is available indifferent range 'ersions with different antenne 
beam width. 

'rfe 	(45  754 \tCee4 

.: 	 Physical - 	- 
Dirnensions: 7u 	x 	1u x 42u mm (HxWxD) 
Weaht: 

Digital Signal Output 
intertece: RS-422 (optionally RS-2325 
Code: ASCII 
Band rate: 3600 
Data bits: 	. 8 
Stop bits: 1 
Panty: None 
Data mate: SM-09411 0: 2. 4 or 8 Hz 

SM-094.20: 2 or4 Hz 
SM-094:50: 2 Hz 
SM-09485: 2Hz 
or polleg mcde 

Data fomiat: aa.aaaeHT>rr.n1 -<CR:<LF> 
ee cce is measured renge [m] 
rr.rrr is 10 min avercged 	ranqe [m] 

Specifications 

MicrowaveTransceiver 
tadulatiorj: 	Trianaur EM 

Fre-quencv 	9.4 - 9.8 GHz 
Output ncUwer: 	1.25 mVU (-6 d8ni) 

Wide Bearn Antenna  
Been width: 	101- 

 

-3 dB one wayi 
Gairi: 	 > 1EdB 
Range: 	 SM094i10: 	1 - 10 rn 

SM-094f20W: 	1 - 20 rn 

Narrow Beam Antenna 
Been width: 	o° (-3 dB one wav) 
Gein: 	 >24dB 
Range: 	 SM-094!20N: 	S - 20 rn 

SM-09450: 	3 - cO ro 
SM-094f85m 	3 - 85 m 

Measurement Error 
Individual measurernerits: 	< 1 cm 
Averaged measureements: 	< 1 mm 

Power Requirements 
Voltage: 
Current: 

Environmental 
Teniperabire: 
Humidity: 

22 - 32 VDC (norninsil 24 VDC) 
02A 

-30- +50 OC 
10- 100 %RH 

Analogue Signal Output (optional) 
n - lu V 0 m to full range) 

l200ohms 
Current: 	 <10 mA 
Band width: 	2 Hz 

factory settings. user programmeble 

Housing  
Meterial: 	. 	Aluminium AL57S 
Finish: 	 Enamelled 	 Mate: 	Specifications are subject to chanqe without 
Cobour: 	 Gray, RAL 7035 	 prior notice. 
bngress protection: 	Designed to meet IEC P66 	 D131095 re'i 03 
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• 
Tide morftorOJ 

Reservoir contral 

Envronrnent 	nonijoring 

Advantages of LOG_aLevel' in opposition 

to mechanical water level gauges 

T Cost effective 

Robust, compact, hghly flexible and easy to ntall  W Alwoys relieble even in flood and ice dnft condeions 

Weether praat and storm bde tested 

h  Non sensittve to erosion, polluon and thermel fluctuation 

• Fast detechon of slightest water level ctnnge 

1' 
• 

Reduced risk of malfunction by gauging of sfeep weves 

These facts make rhe LOG_aLevel 	system en interesiing 

Q end econoniw alternehve to conventional level 

monoring and wave measurement systemS 
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The MIDAS WTR repiaces the old Model 730 

Wave Recorder. Whilst continuing to use the 

proven Linear Wave Theory wave analysis 
method, the MIDAs WTR benefits from Vafeport's 

latest sensor measurement technology, together 

with 64 bit data processing, and an improved 
range of sampling options. US8 data upload, 
quick change battery carousel and intuitive 

operating software make the MIDAS WTR one of 
the most versatile yet easy to use pressure 

based wave recorders available. 

Sensors Communications 
The Mic;ts WTR is fttec with a choice of resonarit aLirtz er stroin The irslrument will operale autanomoosly. wilh setop and data 
aaoon pressore sensors. ano a tast resporise PRT temperatore extraction perforrnec by direct comrnunicatians with PC before and 
sector as standar. Note that whist the retonant cuartz sensor after ceployment. It also operates in real time. wth a choice of 
offert 3 hiaher absolute accoracy. de cuality of wave cata owes commonication protocols for a -lans' 	of cable lengths, all fiCed as 
mece to oeployment location ene sampling paltern than to sector stancarc anc selectec by pin cho c 	nri the o.00t toncecton 
performance 	Optionial acditional sensors incioce Cordudivity ano USS 	For rapid uploeo or lapteps Mtiout serial Dort 
Torbicity (otters available on re0uest). R5232 	Up to 2OOrn cable. direct to seral port. 	 t: 

RS485 	lip to 100dm cable. ocdresseble half duplex comms 
RS422 	Up to 1500m cabI. scdmssahle full dupiex comms 
Baud Rots: 	2400- 115200 (USE 460800) 
Pmtocol: 	& data bits. 1 stop bit. '40 panty, No fiow control 

Memory 
The MiDAs WTR is flUed with DAMb aulid state nori-volatite FLASH 
memory. Totat cepadty depereis en setup. liter may save army or 
all of the followmng 

• Raw censor data from eara borst 
• Summary statistics of wave bortt 
- Tide 8.  additional eer,e 

Data Acquisition 
• SPectral analysis of wave burst 

In order to correctly measure wave activity. Linear Wave Theory It all data is saved. rnemory tel typically record over 4000 data 

requires a specifc number of data pointsto be sampled over a burats. Sanipling ertoe per hour. tht is over S mrtortths data. 

perimi of time. These aata poirits are then processed on board the 
Physical 

instrument to generato an accurate sumrnary of the wave activity 
do-ring the measured period. The MiocS WTR therefore operates in Matenais: 	Acetal housng. optronl stairtess steel (316) enge 

a strict pattern of sarrmple, proceex. rJeep, with the ster controlling DOPUt Rab-rg: 	Housing talud to 500m. pnussure sensor may Isa leus 

the nurnber of samples and the sampling rate, togetherwith the Size: 	SOOmmOx 290rnmdeep 

duration of the sleep period. Tttnt may be minimised for almost Cage Size: 	950 x 950 t 400mm 
corttirruous sampling, butobviously attheexpense of bettery and 
memory osege. SoftwarO 

Sample Rate: 	1. 2,4cr 8Hz. System supplied wîth WaveLog 400 Windows based PC software, for 

No of Samptes: Powers of 2. 128-4096 (more samples = better data) 
instrument setup, data exiracton and doplay. All data in text forrrtat 
for easy export to other packages. 

Cycle Time. 	Minimum cycle time is nearest whole number of 
minutes after processing has fnished. Orderng 

Delay Start: 	Instrument con be programmed to begin sampling 0730033 	MIDAS WTR Wave Recorder. rosorsant quartz type, 
at a spedfic time. supped wilh WveLoq 8.00 soiSvare, RS232 and 

Conditlonai: 	Wave Sampling only occurs if pressure activity USB data leads, oosu -oting rtmnnual and fr3nsit cate) 
exceeds a definej level. 0730034 	MIDASWTR Wave Recorder clean gauge type. 

9ectrica 
supplied with WaveLo 	400 software. F80232 and 
USO data loods. operat no manual and transit casa) 

Intmel: 	32 x 0 ceits, 1.5v alkaline er 3.6v lithium 
0730037 	Sta'nless steel deployment rage 

Externaf: 	9- 30vDC 
0400011 	OptionalConductuity Snsor 

Powec 	0.7W (sampling), <1mW (sleeping) 
a 

 

Battery Life: 	Depends en sampling setup, typically: 
0400021 	Optiorral Tumbidily Censor 

>2 months operation (alkalirte) MIDAS WTR is campatible Mth the Model 750 tulernetry buoy. 

>5 rnonths operatiori (lithium) Aspal afo'r reicyci cenSune Ci++tcc'i,e. ee re5eic+ in? cqM S .ttrat ariy mate. wi-<et 
Ccw',nector 	Subcmnn Titanium MCBH1OF ?'t un?ws, neeeeeuieeruivC-etiea'sarnei 

Datnnitmm ROforence Somber: LEris WTR 	tA 

\Ileport Limnited, St. Paler's Qua',, Ttnes, Deccet 7t29 tEN UK 
Tet: 4440)1803 869292 Fax: +44 i011603 869283 E-mail: ealea40iteponi en ee. Wetr en'.w . ikcp nt.ce uk 
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Sensor Type Range .Accurecy Resolution 

Pressure Resoriant E5psi  o 001% 
high accuracy) Ouartz 13501 water)l - 	- ___ 
Pressure i 	Strain SOdBar 0001% 
(standard) Gauge 140n water) 

Temperature PRT -5 to -35 -  Cl ±0.01C 0.005C 

Conduc6wtv Iniuctive 0- 80 	1 ±0.01 0004 
(opbonat) Coils mSicnl nrS/cn, mS/crn 

Turbiditv Seapoint 0- 2000 ±2E 0005% 
(oPtoflal) STM FTU State 
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Name MIROS AlS RADAC B.V. Aqua Vision BV 

Address P.O. Box 364 

NO 1372 Asker 

Norway 

Zomerluststraat 4 

2012 LM Haarlem 

The Netherlands 

Servaasbolwerk 11 

3512 NK Utrecht 

The Netherfands 

Phone +4766987500 +31(0)235518853 +31(0)302459872 

Mail officemiros.no  nfo(radac.nl infoaguavision.nI 

Name Qmetrix BV General Acoustics GmbH Sonar Research and Development 

(SRD) 

Address P.O. Box 7435 Dorfstra0,e 57 Unit 1 B 

2701 AK Zoetermeer 24107 Ottendorf Grovehili md Estate 

The Netherlands Germany Beverley 

East Yorkshire HU17 OLF United 
Kingdom 

Phone +31(0)793165314 ++49 (0)43151808181 +44(0)1482869559 

Mail Sicco.karnmingametrix.nl  hbaIzerekgeneraIacoustics.com  AIlan.mccIaud(5srdukcom 

Name Bakker &Co Dataweli BV Etrometa BV 

Address Gildenweg 3 

3334 KCZwijndrecht 

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 jbIeenhoutsetrometa.demonnl 

Name B. Blok J.H.M. van Doorn E. Bouws 

Address WL-Delft Hydraulics 

P.O. Box 177 

2600 MH Delft 

The Netherlands 

RIKZ (RWS) 

Postbus 20907 

2500 EX DEN HAAG 

The Netherlands 

KNMI 

postbus 201 

3730 AE De Bilt 

The Netherlands 

Phone +31(0)152858585 +31(0)703114606 +31(0)32206888 

Mail Bas.blokwlde!ft.nI Jhm.vdoornrikz.rws.minvenw.nI bouwsknmin( 
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Name J. Kokke H. Krogstad H. Peters 

Address RIKZ (RWS) 

Postbus 20907 

2500 EX DEN HAAG 

The Netherlands 

Scientific Advisor 

Alfred Getz vei 1 

N-7034 Trondheim 

Norway 

North Sea Directorate (RWS) 

P.0.Box 5807 

2280 HV Rijswijk 

The Netherlands  

Phone +31(0)703114515 ++47(0)73593536 +31(0)703366666 

Mail .m.m.kokkerikz.rws.minvenw.nl Herald.krogstad1math.ntnu.no  h.c.peters(dnz.rws.mjnvenwnl 

Name J. Vogelzang R. Kleine B. Ruessink 

Address AGI (RWS) 

Postbus 5023 

2600 GA Delft 

The Netherlands 

RDIJ (RWS) 

Postbus 600 

8200 AP Lelystad 

The Netherlands 

IMAU 

Postbus 80005, 

3508 TA, Utrecht 

The Netherlands 

Phone +31(0)152757575 +31(0)320264242 +31(0)302532405 

Mail j.vogelzangaqi.rws.minvenw.ni  r.kIeinerdij.rws.minvenw.nl  g. ruessinkpeog.uu.nl  

Name A. van Dongeren E. Cornelissen A. Verhagen 

Address WL-Delft Hydraulics 

P.O. Box 177 

2600 MH Delft 

The Netherlands 

DZL (RWS) 

Postbus 5014 

4330 KA Middelburg 

The Netherlands 

LogicaCMG 

P.O. Box 187 

2501CD Den Haag 

The Netherlands 

Phone +31(0)152858585 +31(0)118686469 +31(0)703029302 

Mail Ap.vanDonqerenwldelft.nl  e.w.fcornelissen(6dzl.rws.minvenw.nI Louis.verhaqenloq cacmq corn 

Name H. Niemeyer 

Address Niedersâchsisches Landesamt für 

Ökologie 

An der Mühle 5, D26548 

Norderney/East Frisia 

Germany. 

Phone +49(0)4932916141 
Mail Hanz.riiemeyernloe.niedersa 

chen .de 
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