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Executive Summary

This report evaluates the utility of available Towed Undulating Oceanographic Recorders (TUORS) that could be used as part of the field programme of the BCLME off the coasts of Angola, Namibia and South Africa. The core of the report details: a Needs Assessment; a comparison of the performance, servicing, software and cost of TUORs; the range of instruments that can be installed; capacity building; and health and safety.

The Needs Assessment highlighted two broad types of research that would be conducted with a TUOR: viz. process-oriented studies on phyto- and zooplankton dynamics on an ad hoc basis using research vessels; and monitoring/long-term research into impacts of climate change, pollution, and eutrophication on plankton on a monthly basis using commercial vessels. For process-oriented studies behind research vessels, the most suitable TUOR in terms of plankton sampling mechanisms and cost is the Nushuttle from Chelsea Instruments. Appropriate instruments would include: a CTD multiparameter probe plus fluorescence (Minipack); Transmissometer (Alphatracker I); PAR Chelsea system, Plankton sampling mechanism (Autonomous Plankton Sampler); and a water sampler. Optional additional instruments include DO, pH, nutrient sensors, and more sophisticated instruments such as the OPC, LOPC and FRFF are recommended only as a research tool and not part of a monitoring protocol. The manufacturer used should work to a tight timescale and strict penalty clauses for non-delivery on time or failure of equipment to operate should be included in purchase contracts. Support for one week in commissioning trials is normally provided by manufacturers, but the BCLME might want to contract experienced support from a company such as SPARTEL to provide further backup on demand beyond this first week.

For regular (weekly to monthly) monitoring/long-term studies over large scales (Cape Town to Port Elizabeth and Luanda), a TUOR would have to be towed behind a ship of opportunity (SOOP), as research vessels would be far too expensive. Our extensive review of the capability of TUORs, however, shows none are suitable at present for use on SOOPs despite claims by some manufacturers. We thus conclude that a second device is needed for regular large-scale monitoring. From the Needs Assessment, several respondents expressed an interest in establishing a Continuous Plankton Recorder (CPR) type survey in the region. The CPR is a rugged, reliable, cost effective, near-surface instrument towed behind SOOPs to monitor regional plankton variability, providing indicators of environmental change, fish stock variability and provide input to ecosystem models. The organisation that operates the CPR survey, SAHFOS, has considerable experience in establishing new surveys, and was involved in the previous Gulf of Guinea LME.
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Objective

The objective of Project EV/PROVARE/02/01 is to assess the utility of TUORs in the BCLME and to provide information about the most suitable system for future purchase, and to recommend accordingly.

Introduction

Towed Undulating Oceanographic Recorders (TUORs) are undulating vehicles that are capable of carrying a wide range of instrumentation to sample the water column behind the towing vessel. They are typically used in wide ranging surveys to give an extensive spatial, and temporally continuous coverage of lakes and seas that are usually presented as vertical sections along the track of the tow ship. A variety of instrumentation can be carried that is capable of producing data that can be interpreted in three dimensions.

Care needs to be taken in the choice of the payload instrumentation as the ability of many current sensor systems is not able to respond quickly enough to the rapidly changing conditions that occur during descent or ascent, or when for example crossing frontal features. The varying response times of different instruments needs to be carefully taken into account when assessing results. Sensors that respond rapidly to gradients are best suited to TUOR studies. Sensors in this category include conductivity, depth, fluorescence, and temperature. All sensors that require equilibration across a membrane or a chemical reaction are likely to be less successful, e.g. pH and dissolved oxygen (DO). Data produced by Optical Particle Counters (OPCs) and the Fast Repetition Rate Fluorimeter (FRRF) when deployed on TUORs needs careful interpretation for the same reasons. All TUOR platforms are unlikely to be sufficiently stable for use in Video Plankton Recording, never mind the technical difficulties of data transmission and storage that would be involved.

Direct water samples for various later analyses can also be taken by instruments attached or included in the holds of TUORs. Interpretation of the timing of the sampling moment against the position in an undulating profile is a further complication. Against these potential difficulties, TUORs are providing a new and exciting tool for extensive surveys of the oceans, with the possibility of intercalibration with satellite imagery. Other carried instruments can provide information on the spectral properties of phytoplankton, as well as quantitative measures of phyto-, zoo- and ichthyoplankton in the water column.

TUORs deployed in the Benguela upwelling system will provide synoptic mapping over large distances, covering a variety of water masses, and crossing major frontal and eddy systems. They will also provide for the first time a means of monitoring on a synoptic and routine basis the extensive region covered by the BCLME programme (e.g. Cape Town to Luanda and Cape Town to Port Elizabeth).

A comprehensive literature, web and correspondence based search for information on TUORs has been completed as part of this evaluation. Some of the information provided still has a preliminary status as all the information hoped for could not be obtained. Responses to enquiries were much slower to come in than expected and obtaining information from both manufacturers and scientists has proved difficult in some cases. In one case a manufacturer thought that our enquiries were trying to get information for a competitor in the form of industrial espionage. Despite writing to outline our credentials, no information was forthcoming from this company and the only information obtained has been from the company web site. There is clearly great sensitivity in making available the information needed for this study due to commercial rivalry. The hardest information to obtain has been to get direct quotes on the costs of supply of a complete system. Despite frequent requests and a clear statement of a need for this information in the original letters submittted to manufacturers we have received few full quotations. It will clearly be necessary for the BCLME task team to make direct approaches to the manufacturers for this information. Despite these limitations, we feel that we have enough information to enable a full assessment and recommendations on the best systems to purchase.

1. Results of the Needs Assessment

Questionnaires were sent by email to 33 researchers within the BCLME region who were likely to use TUORs or its data. They represented researchers from Angola, Namibia and South Africa, and were from both academic and fisheries institutions. People were chosen based on our knowledge of researchers within the region, as well as from discussions with scientists from Marine and Coastal Management. We asked researchers that were sent the Questionnaire to pass it to anyone they felt would be interested. As all our respondents came from researchers initially contacted and not from people who it was passed to, it is likely that we targetted the relevant people in the region.

The Questionnaire consisted of 18 questions (see Appendix A). We received 13 responses (South Africa (9), Namibia (1) and Angola (3), see Table 2 in Appendix A), with several people working together with colleagues to summarise their needs.

It was clear that there are no towed devices currently in operation in the region, and only one person has had some experience working with TUORs in collaboration with other scientists. Researchers wanted to measure a range of biological variables with a TUOR, including phyto-, zoo- and ichthyoplankton, and all scientists required data on the physical environment for placing their biological samples in context (Fig. 1a). (Note that the graphs represent the percentage of respondents that wanted each particular variable measured and do not sum to 100% as people often wanted to measure more than one). There was a range of frequencies of sampling desired, with the most popular being monthly and ad hoc (Fig. 1b). The favoured area of interest for research with a TUOR was South Africa, although this probably reflects the greater number of scientists from this country that completed the Questionnaire and the existing capacity. There was, however, strong interest in using TUORs in Namibia and Angola, as well as several countries along the east coast of Africa that are not part of the BCLME (Fig. 1c). The type of research that would be conducted is a pretty even balance between process-oriented and monitoring (long-term research) studies (Fig. 1d). Specific research topics to be addressed were spread between climate change, phytoplankton dynamics, Harmful Algal Bloom dynamics (HABs), eutrophication and pollution, zooplankton dynamics, icthyoplankton dynamics and the coupling between biology and physical processes (Fig. 1e).

In terms of specifics regarding a TUOR, many of the researchers would like a standardised piece of equipment that is in use in other regions to enable inter-system comparison (Fig. 1f). Onboard instruments needed for the TUOR include (in order of importance) a CTDF, plankton sampler, OPC and FRRF (Fig. 1g). Researchers require a TUOR that samples the upper 100 m of the water column (Fig. 1h).

A number of researchers had specific TUORs in mind. One respondent expressed a preference for a Chelsea/ Plymouth Marine Laboratory style undulator for process work. This respondent is the only scientist in the region who has had experience with towed bodies. He commented that a TUOR be purchased from a reputable company with good follow up service. For process-oriented work, he suggested a TUOR from the UK-based company SPARTEL would be ideal. This organisation has 20 years experience with undulators, enabling it to customise a TUOR for a specific task and provide efficient backup service. This company has had connections with Plymouth Marine Laboratory, Marine Biological Association and the Sir Alister Hardy Foundation for Ocean Science.
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Fig. 1. Results of the Needs Assessment Questionnaire.

Three respondents also expressed interest in a CPR-type device to setup a large-scale monitoring programme. The CPR is a robust near-surface sampling device. It is the only towed device that is capable of being regularly deployed (e.g. monthly) from non-research vessels over the large scales that are needed for a monitoring survey. There are currently CPR monitoring programmes in the North Atlantic, North Pacific and the Antarctic.

Several researchers in both Namibia and South Africa did not complete the Questionnaire but responded that there was insufficient capacity within their organisations (mainly in terms of skilled manpower but also financially) to run a TUOR over an extended period. Only respondents from Marine and Coastal Management in Cape Town thought that there was the capacity to maintain and calibrate such a device in their organisation.

One respondent mentioned that increased Eastern Cape involvement in the BCLME would be good and this seems desirable considering the proposed route from Cape Town to Port Elizabeth in the specification for this Contract. One respondent from Marine and Coastal Management commented that he hoped that a towed undulator that collected physical variables and icthyoplankton used on research cruises would complement existing sampling such as hydroacoustics and CUFES, and would also help to improve fisheries survey efficiency by reducing the number of times the vessel would have to stop and thus increase the spatial coverage in the same period of time.

Recommendation

It was clear from the Questionnaire that TUORs are needed for two types of research. First, process-oriented studies, particularly on phytoplankton productivity and zooplankton dynamics, are required on an ad hoc basis using research vessels. Second, monitoring/long-term research into the impacts of climate change, pollution, and eutrophication on phyto-, zoo- and icthyoplankton need to be conducted more frequently (on a monthly basis). Whatever TUORs are used, they must be able to collect phytoplankton, zooplankton and ichthyoplankton, as well as house a CTDF, FRRF, OPC and plankton sampler.

2. Range, performance, servicing and cost of undulating vehicles available

A total of 16 different TUORs that have recently been or are currently in operation have been identified. Not all of the vehicles are available commercially, one for example (Hytov) is a prototype developed as part of a European Union research and technology project. Another has been produced by a Russian company; the information on its existence was passed to us at a recent meeting of SCOR Working Group 115. We have so far not managed to obtain the name of the company.

Approaches have been made to the following companies (Table 1) for information on their products and the instrumentation that is carried by their TUORs (see Appendix B).

Table 1. Companies manufacturing TUORs.

	Company

	ADM (N/A)

	Brooke Ocean Technology

	Chelsea Technologies Group

	EIVA

	Enviro Tech

	Guildline

	Indal Technology

	MacArtney

	Sea Sciences

	Spartel


In addition, a wide ranging survey of TUORs and appropriate instrumentation that they can carry has been made. Proformas have been produced for each of the TUORs based on information available on the various company websites and on the responses received to correspondence. The work involved in producing these documents was considerable and represented approximately two days per proforma. The proformas, which include a picture of each towed body are attached as Appendix C.

Five different types of TUOR system have been distinguished:

1. Large systems that require specialist oceanographic facilities on research vessels to operate and are capable of sampling down to 500 m on a routine basis.

2. Ditto, but for winged systems that only operate down to ~200 m and are capable of flying very close to the bottom.

3. Intermediate TUORs that can carry a wide range of instrumentation and typically have a maximum depth of ~50 m unless faired cable is used.

4. Small vehicles that are designed for use in lakes, estuaries and at times in nearshore coastal waters

5. Undulating profilers that can sample down to 500 m with a free-fall vehicle and produce the undulation by winding in the cable at a set speed while the towing vessel is underway.

The sampling capability of these different machines varies according to their payload limit for contained or attached instrumentation, the speed of their ascent and descent and the type of cable and data transmission system used.

Evaluation of TUORs

The type of system(s) that might be appropriate for BCLME will depend on the depth to which sampling is needed, the instrumentation that needs to be carried and the funds available. Making recommendations on the basis of the evidence that has been accumulated is difficult as there is still a lack of information on a number of the TUORs. This applies particularly to costs. The different manufacturers have been especially reticent to provide this information, especially in the form of a breakdown for different elements of a complete TUOR system. Only one manufacturer was visited directly as part of this exercise and this proved to be particularly useful. A good relationship was established from the start with many manufacturers and yet information was still slow at times to arrive within the context of this study. It is clear that all manufacturers are working to their limits to provide an adequate service in what is clearly a very competitive market. One manufacturer did not respond at all during this study and another refused to do so believing that the project was set up by a competitor. For another a confidentiality agreement had to be signed. It is clear that much of the information covered in this document is covered by copyright, especially the text that has been extracted from company web sites. As such this document as it stands should not be placed on the web. We are happy to draft an extended executive summary that could be placed on the web to outline the main points of the work should the BCLME panel wish. We hope to publish the TUOR Profile forms in Appendix C on the web site of SCOR Working Group 115 after obtaining the permission of BCLME and the manufacturers.

To progress our evaluation we propose that it is carried out under each of the above five divisions. The final choice will be up to BCLME and it may be that you may wish to purchase more than one type of system. The estimates of cost below do not include cable, fairing, sheaves and other instrumentation not listed in the standard package. For ease of comparison, plankton sampling systems have not been included for example and would cost extra.

1. Dedicated Research Vessel TUORs to ~500 m

Only two vehicles come under this heading, Batfish and Seasoar II (Proformas 7 & 4). To our knowledge, the former is no longer in active service and is not actively promoted by Guildline. There is thus only one option for deep ocean undulating surveying with a powered system and that is Seasoar II. This is an impressive system that has been tested over many years and is now reliable. It requires a small team with technical expertise to be available on the vessel as well as at least two operators. Despite its size, launching and recovery is relatively straightforward. Separate software and hardware systems for vehicle control and data collection are used, requiring two PC screens. Given the volume of data that is produced, this is probably an advantage. No plankton sampling or enumerating systems have been attached to the vehicle to date from the information we have obtained. We believe that this is primarily because this vehicle has been used as a tool for physical oceanography to date. To our understanding, the UK navy is considering purchasing this instrument as standard for their hydrographic survey vessels.

Costs for a total system have not been provided, but we estimate from the information available that an operational Seasoar system for deployment to 500 m to include a winch and a standard instrumentation package of: CTD, fluorescence, transmissometer, pH and oxygen would cost in the region of £175,000.

2. Dedicated Research Vessel winged TUORs to ~200 or 400 m

Only one vehicle comes into this category and it is the Scanfish (Proforma 5). This vehicle is highly manouverable and can even be deployed to contour the bottom within less than one metre. It cannot carry as much equipment as Seasoar. The CEFAS laboratory in Lowestoft was the first organisation to take delivery of this vehicle in 1994 and since then has towed it for 2000 miles each year. It is now an integral part of their research surveys, especially in shelf waters. We believe that 10 other laboratories use this vehicle. One of the main obstacles to its safe deployment is set fishing gear and pots. Because of the vibrations incurred during undulation, the attached instrumentation has to be particularly rugged. With fairing, this vehicle can extend down to 400 m when it then becomes a potential competitor for Seasoar. If we had to chose between them we would select this system. We estimate the cost for Scanfish to include a winch and a standard instrumentation package of: CTD, fluorescence, transmissometer, pH and oxygen would cost in the region of £120,000.

3. Intermediate TUORs

Six vehicles come into this category; Aquashuttle, U-tow, Nushuttle, Triaxus, Big-Toe/Little-Toe and Hytov (Proformas 2, 9, 3, 6, 10, 15). The last of these vehicles was developed as part of a research project and can be ignored. The proposed development of a new TUOR system by Spartel (Proforma 10) on our experience holds considerable risk despite the many years experience of TUOR operation by Steve Coombs and his colleagues. Trials are never as straightforward as expected, and the equipment needs to be delivered on time to allow the BCLME programme to proceed. This system is probably not the best option, as the quotation offered (does not include a winch) even including a CTD, PSM and fluorimeter appears considerably higher than an equivalent package from Chelsea or Envirotech. 

The Triaxus is the “Rolls Royce” of TUORs. It appears to be highly manouverable, although we see little advantage in lateral movement other than keeping out of the wake of the towing vessel. Against this it can only carry half of the instrumentation load of its three remaining rivals. The operational software and display systems of this vehicle appear excellent, but only for the vehicle itself. Nothing is provided for any non-MacArtney instrumentation output. There is no history to our knowledge to date of any plankton sampling instrumentation being used on the vehicle. Finally this system appears to be very expensive even though the quotation incudes a winch so we suggest that it is eliminated from the options available. 

Aquashuttle is an early generation TUOR that has shown good service, but has largely been superceeded by Nushuttle for regular use. This leaves two vehicles in this category, Nushuttle and U-tow. Both of these vehicles have similar characteristics. The U-tow was formerly built in the UK until WS Oceans was bought out by EnviroTech. There has clearly been an interegnum while the new workshops are being established and we had some difficulty making contact with the company in the US. More recently, their UK agents have been helpful. There have been similar problems in getting service from a Finnish colleague who is highly satisfied with his instrument, but has had to undertake much technical development himself. The U-tow is also large, heavy and difficult to manhandle. Software and visual presentation on two screens of both control parameters and data acquired is excellent. The system was also designed to include the highly successful Aquamonitor system. The vehicle also has a tendency to climb and descend rapidly and spend longer at the top and bottom of the dive so that the undulation is not clean. To our knowledge, there are only a few systems in operation at this time. On the other side of the coin, Chelsea does not have a completely clean slate when it comes to delivery or customer service. The Nushuttle is now a well proven design with more than 100 systems purchased worldwide. The price is now less than the U-tow, which was intended as a cheap alternative for Aquashuttle. The vehicle is smaller, lighter and thus easier to handle than U-tow. It has a wide range of instruments that can be integrated as standard and that now includes the APS (Autonomous Plankton Sampler). Against this there have been recent reports that the APS has been successfully working in a U-tow, but with some problems of battery power. In our experience the alternative PSM system normally used in U-tow is not as well constructed a plankton sampler as the APS. There would thus seem to be little to choose between the two TUOR systems. In terms of track record and probable reliability , the Chelsea instrument is probably the best option. A direct comparison of costs is not easy as the U-tow quote includes a plankton sampling mechanism, PAR and turbidity instead of transmission. Taking this into account we estimate that the U-tow is likely to cost for the same standard package as above ~£44,000 and the Nushuttle £36,000 further confirming our decision. Assuming that the two systems use a similar winch, the cheapest option available from Chelsea is ~£28,000; U-tow appears to be considerably more expensive than Nushuttle. For comparison with the systems above, the Nushuttle plus the cheapest winch option comes to £64,000. Perhaps both companies should be asked to tender for supply of a TUOR.

4. Small TUORs

Three TUORs come under this heading, Acrobat, Biofish and Minibat (Proformas 11, 13 and 8). We have been unable to find out any information on Biofish, which we believe has recently been launched and the company that manufactures Acrobat has failed to provide us with any further details on their instrument other than what are on their web site, which contains a lot of information. Guildline appears to be highly proactive with a range of instrumentation manufacturers demonstrating the use of the TUOR with a wide range of instruments from different companies. Should BCLME wish to purchase a small system for nearshore waters, we recommend the Guildline machine on the basis of the helpful and constructive way they provided information for this study. We presume that the two vehicles will be approximately the same price at ~£15,000. Assuming the same standard pack of sensors as for the other systems, a total package including a winch would come to £46,000..

5. Towed undulating profilers

Three systems come under this category: MVP, Towyo and Scanfish (Proformas 1, 12 and 14). Scanfish is an old, but simple and robust design. The MVP through its different options can operate deeper and appears highly flexible. The MVP has huge advantages for hydrographic studies, but because of its speed of descent and ascent it has large limitations for biological study. Most sampling systems cannot operate efficiently at these speeds. It has been reported, however, that the new LOPC has been mounted successfully on an MVP and is giving reliable and understandable results. Towyo is a simple and cheap system that has been deployed successfully in the Baltic. The MVP has a good track record with over a years deployment in the Gulf of Maine. For routine operation we recommend MVP as an add on option to the choice made in division three above if required, although it does not seem necessary from the Needs Assessment. We would wish to see the system used for sampling of actual biological material before we gave it a higher rating. We were unable to get costings for this system, due to initial communication difficulties on our part in the transmission of very large files. The company has not followed up our request to resend the information. It is our understanding that these systems are considerably cheaper than equivalent mechanical towed bodies.

3. Range of instruments that can be installed in the vehicles

A wide variety of instruments have been deployed on TUORs over the last two decades. A number of companies have already developed second and even third generation versions of these instruments. Below we have listed thematically instruments or collections of instruments which we believe have been deployed on one or more of the TUORs outlined above or could potentially be used on such vehicles. The listings and descriptions are not exhaustive; it is likely that some manufacturers will have been missed.

At the end of this section we assess what the best package of instruments is for a given platform.

3a. Multiparameter probes CTD plus other determinands

Chelsea Technology Group: Minipack
http://www.marine-acoustics.co.uk/index.html
This compact, robust and fully integrated CTD-F sensor suite has a 24 channel data logger. It is designed to be a multi-parameter sensor data logger that can be deployed individually or as the core of a larger multi-parameter system. For real time applications, the instrument has a transmission system that is capable of providing power to and acquiring data from up to 16 external sensors (14 differential channels and 2 single ended channels). These may typically include DO, pH, PAR, up and downwelling radiation sensors, fluorimeters and transmissometers. A titanium/acetal housing contains all on-board sensors, processing boards, data transmission or internal batteries. SmartMedia software is used for pre-programming and storing of measured data. Data are easily extracted by a PC and presented as ASCII files in engineering units, which are easily processed by propriety software packages. Data may be stored on an internal Card (for standalone mode) or transmitted in real-time up a cable using RS422 (RS232 option) format. An interface unit is available to convert RS422 (or RS232) for onward transmission to a PC. A user-friendly Windows based GUI enables error free programming of the internal logger and data extraction. Using filters, a choice of 8 different fluorescence wavelengths can be made to distinguish Chlorophyll-a (two separate wave lengths), Rhodamine, Amido Rhodamine, Fluorescein, Phycoerythrin, Phycocyanin as well as for use as a Nephelometer.

Temperature: Accuracy ±0.003º; Response N/A

Conductivity: Accuracy 0.005 mmhos/cm; Response N/A

Depth Rating: 5000 m

Cost: Basic system £9,950; Calibration £1,345

Chelsea Technology Group: Aquapack
http://www.marine-acoustics.co.uk/index.html

This instrument is a predecessor of the Minipack and has been used extensively attached to towed bodies in the past. It is no longer available commercially.

General Oceanics: Ocean Seven Model 316 CTD
http://www.generaloceanics.com/
The OCEAN SEVEN 316 is microprocessor-controlled and can measure, store and transmit sensor data according to various methods. Standard sensors included are pressure, temperature, conductivity, salinity, DO, pH and oxidation-reduction potential.

Temperature, Conductivity: All sensors have low time constants: 50 milliseconds for physical parameters (CTD) and 3 seconds for chemical parameters (DO, pH).

Depth Rating: 1500 m
Cost: CTD $10,700. With additional DO, pH, Redox and Turbidity an extra $7,722
Hydrolab CTD: DataSonde 4a multiprobe
http://www.hydrolab.com/

Designed for in-situ and flow-through applications, this multiprobe can measure up to 15 or more parameters simultaneously. It includes seven built-in expansion ports for field-replaceable sensors. Potential parameters include: Ambient light, Nitrate, Ammonia, Organic Reactive Phosphate, Chloride, pH, Chlorophyll,– Temperature, Conductivity, Total dissolved gas, Depth, Transmissivity, DO and Turbidity.

Temperature: N/A

Conductivity: N/A

Depth Rating: N/A
Cost: N/A

YSI Environmental: YSI 6600 multiparameter probe
http://www.ysi.com/environmental-monitoring/multiparameter.htm
This sonde is designed for long-term in situ monitoring and profiling with a 90-day battery life, but can also be used in real time mode on a TUOR. Connections are easy as they screw into the bulkhead end cap. Two optical ports are available for chlorophyll, turbidity, or rhodamine measurement. All parameters are simultaneously logged or can be transmitted up a cable in real time. The instrument measures a wide range of parameters, some as standard, some by choice with those recommended for the marine environment: CTD, DO, pH, Turbidity and chlorophyll.

Temperature: N/A

Conductivity: N/A

Depth Rating: 200 m, with alternatives of 61 m for chlorophyll and turbidity

Cost: CTD £5,095. Plus for DO, pH, Chlorophyll fluorescence and turbidity (optical backscatter) with a 200 m rating £5,425. Total: £10,520. A reduction in cost of ~£1,000 can be made with a selection of the 61 m sensors, but we do not recommend that choice.

3b. CTDs

Applied Microsystems: AML Smart Instrument CTD
http://www.aml.bc.ca/

Temperature: Accuracy ±0.005º; Response 85 ms

Conductivity: Accuracy ±0.001 S/m; Respons 5-25 ms

Depth Rating: 5000 m
Cost: £5,495

Applied Microsystems: AML CTD 12 Plus 

http://www.aml.bc.ca/
Temperature: Accuracy ±0.005º; Response 85 ms

Conductivity: Accuracy ±0.001 S/m; Response 5-25 ms

Depth Rating: 500 m

Cost: Basic instrument £6,495
ESI Environmental Sensors Inc: ESI OS200CTD
http://www.esica.com/index.html

Temperature: Accuracy ±0.01º; Response: 0.02 s

Conductivity: Accuracy ±0.02 S/m; Response 0.02 s

Depth Rating: N/A

Cost: $8,750 (includes shipping)

ESI Environmental Sensors Inc: ESI OS300
http://www.esica.com/index.html

Temperature: Accuracy ±0.005º; Response 85 ms

Conductivity: Accuracy ±0.001 S/m; Response 5-25 ms

Depth Rating: N/A
Cost: N/A

Falmouth Scientific: 2" Micro-CTD
http://www.falmouth.com
The instrument incorporates an inductively coupled conductivity sensor with a platinum resistance thermometer and silicon micro-machined pressure sensor to provide accurate and stable readings in real-time. The 2" MCTD's 12-bit digitizer also supports up to six additional external sensors (e.g., pH, DO, turbidity).

Temperature: Accuracy ±0.002ºC; Response N/A

Conductivity: Accuracy ±0.0002 S/m, Response N/A

Depth Rating: 500 m Delrin or 7000 m titanium

Cost: ~$8,000 for Delrin plus $790 for titanium

Falmouth Scientific: 3" Micro-CTD 

http://www.falmouth.com
The instrument incorporates an inductively coupled conductivity sensor with a platinum resistance thermometer and silicon micro-machined pressure sensor to provide accurate and stable readings in real-time and logged internally. The 3" MCTD's 12-bit digitizer also supports up to six additional external sensors (e.g., pH, DO, turbidity).

Temperature: Accuracy ±0.002ºC; Response N/A

Conductivity: Accuracy ±0.0002 S/m; Response N/A

Depth Rating: N/A
Cost: ~$10,000 for Delrin plus $790 for titanium

Idronaut Ocean Seven 304 CTD 

http://www.idronaut.it/home.html

Temperature: Accuracy ±0.003º; Response 50 ms

Conductivity: Accuracy ±0.003 mS/cm; Response 50 ms

Depth Range: 1500m

Cost: Euro 7150

SeaBird SBE 49 CTD 

http://www.seabird.com/

The SBE 49 FastCAT is an integrated CTD sensor intended for use as a modular component in towed vehicles, ROVs, AUVs, or other autonomous platforms that can supply DC power and acquire serial data. A pump-controlled / TC-ducted flow feature minimises salinity spiking, and the instruments 16 Hz sampling provides high spatial resolution of oceanographic structures and gradients. Sophisticated interface circuitry provides high resolution and accuracy. This easy-to-use, light, and compact instrument ruggedly made of titanium and other low-maintenance (plastic) materials is well suited to even the smallest vehicle. There are straightforward commands for continuous (full rate or averaged) or single sample acquisition. EEPROM-stored calibration coefficients permit data output in ASCII engineering units (degrees C, Siemens/m, decibars, Salinity [PSU], and sound velocity [m/sec]), or the user can select raw data output if desired. The instrument must be externally powered, and its RS-232C data logged or telemetered by the vehicle to which it is mounted. As the instrument does not support auxiliary sensors, where such sensors are required the user's vehicle must be equipped to acquire their signals independently.

Temperature: Accuracy ±0.002º; Response N/A

Conductivity: Accuracy ±0.0003 S/m; Response N/A

Depth Range: 7000 m

Cost: N/A

Sea Bird SBE 19 CTD now SBE 19plus
http://www.seabird.com/

The SBE 19plus SEACAT Profiler superceeds SB 19 as the next generation Personal CTD, bringing many improvements in accuracy, resolution, reliability, and ease-of-use. The 19plus samples faster (4 Hz vs 2), is more accurate (0.005 vs 0.01 in T, 0.0005 vs 0.001 in C, and 0.1% vs 0.25% — with seven times the resolution — in D), and has a larger memory (8 Mbyte vs 1). There is more power for auxiliary sensors (500 ma vs 50), and they are acquired at higher resolution (14 bit vs 12). Cabling is simpler and more reliable because there are four differential auxiliary inputs on two separate connectors, and a dedicated connector for the pump. All exposed metal parts are titanium, instead of aluminum, for long life and minimum maintenance. Simultaneous with recording, real-time data can be transmitted via cable directly to the serial port of a PC (maximum transmission distance dependent on number of auxiliary sensors, baud rate, and cable properties). The faster sampling and pump-controlled TC-ducted flow configuration in the new instrument significantly reduces salinity spiking caused by ship heave, and allows slower descent rates for improved resolution of water column features. Auxiliary sensors for DO, pH, turbidity, fluorescence, PAR, and ORP can be added. Calibration coefficients are stored in EEPROM memory. They permit data output in ASCII engineering units ((C, Siemens/m, decibars, Salinity [PSU], sound velocity [m/sec], etc.).

Temperature: N/A

Conductivity: N/A

Depth Range: N/A

Cost: $9,900 for basic 600 m system with plastic housing

Valeport: 620 CT probe
http://www.valeport.co.uk/indexlayers.htm
Note this system is only C and T. The probe is based on Valeport's proven conductivity and temperature sensors, and provides high accuracy real time CT data to other instrumentation packages. Designed with ease of interface in mind, the sensor requires a 12vDC power input, and can output data in RS232 or RS485 digital formats, or as 2 analogue channels. Selection of output mode is made by internal linking on the pcb. The sensor is available in two versions, for shallow or deep water use. The shallow water version with an acetal housing uses a standard Valeport inductive conductivity cell, with a PRT temperature sensor and is depth rated to 500 m. The deep-water version features a titanium housing for a 6000 m depth rating, together with fast response PRT and Valeport's own pressure balanced inductive conductivity cell.

Temperature: Accuracy ±0.005º; Response N/A

Conductivity: Accuracy ±0.01 mS/cm; Response N/A

Depth Rating and Cost: £1,760 rated to 500 m, £1,924 rated to 6000 m.

Valeport: Modus CTD probe
http://www.valeport.co.uk/indexlayers.htm
This CTD is effectively a real time only version of the advanced Model 606 CTD Profiler listed below. Without the requirement for onboard batteries or memory, the unit is therefore smaller than the Model 606, but retains much of the functionality, including Valeport's unique synchronised sampling system. This means that all parameters are sampled at exactly the same point during a profile. The Modus CTD is just one of Valeport's range of Modus instruments, all of which utilise advanced processing technology to give a wide range of sampling programs, synchronised sampling, and a choice of data output formats as standard.

Temperature: Accuracy ±0.005º; Response N/A

Conductivity: Accuracy ±0.01 mS/cm; Response N/A

Depth Rating and Cost: £4,264 Acetal 500 m, £4,472 Titanium 5000 m

Valeport: Profiler 606 CTD probe
http://www.valeport.co.uk/indexlayers.htm
This CTD utilises Valeport's new modular sensor technology to allow absolutely synchronous sampling of the conductivity, temperature and pressure sensors. Other CTDs use cyclic sampling techniques – taking data from one sensor, then the next, and so on. By sampling all sensors at exactly the same time, the Model 606 ensures that all data comes from exactly the same position. In combination with a sampling rate of up to 8 Hz, this makes the Model 606 particularly suitable for rapid profiling work. Low power drain and large memory also make it ideal for use in fixed mooring applications. (Promoted by MacArtney for Triaxus?).

Temperature: Accuracy ±0.005º; Response 100 ms 

Conductivity: Accuracy ±0.01 mS/cm; Response 100 ms

Depth Rating: 500 m or 5000 m
Cost: £6,186 rated to 5000 m

3c. Fluorimeters

Sea Tech Fluorimeter (Company now taken over by WetLabs) T
http://www.wetlabs.com/index.html
Designed to measure chlorophyll a fluorescence, the fluorimeter provides high resolution data for assessment of phytoplankton biomass and monitoring of primary productivity. The optical filters used in this instrument have been selected for optimal measurement of chlorophylll a with a 425 nm peak response in the excitation filter and an emission filter peak response at 685 nm. The fluorimeter may be used in highly productive water bodies, where a wide dynamic range in measurement is sought, as well as in oligotrophic environments, where a high degree of resolution is most important. This is a well-tested system, although we are no longer sure it available commercially.

WetLabs chlorophyll fluorimeter WETStar Tt
http://www.wetlabs.com/index.html
This miniature chlorophyll fluorimeter provides a highly sensitive measurement of chlorophyll fluorescence within natural waters. Chlorophyll fluorescence serves as an indicator of phytoplankton concentrations, and thus provides a means of assessing biological activity within the water column. The WETStar employs a novel flow-through design, making it extremely robust to ambient light fluctuations and enabling precise temporal and spatial correlation of fluorescence with other in-line measurements. It is now available in an all plastic, corrosion-resistant housing. A choice of differetn wavelengths is available to measure Phycocyanin, Phycoerythrin, Clorophyll-a, CDOM, Uranine, Rhodamine. We have received some comments that the flow through design is sensitive to dirt and blocking, with dubious reliability so we do not recommend this system.

Depth Rating: N/A

Cost: N/A

WetLabs chlorophyll fluorimeter Tt ECO-FL(RT)
http://www.wetlabs.com/index.html
Provides analog and RS-232 serial output with 4,000-count range and continuous operation when powered. The ECO fluorimeter has an open path design that eliminates the need for a pump. A variety of configurations are available, including analog output (0–5 V) for integration with CTDs and other analog input data loggers. The analog unit has both shallow and deep (6000 m) rated versions. There is also a unit with RS-232 output and self contained data logging (up to 9000 samples).

Depth Rating: N/A

Cost: N/A

Biospherical Instruments Inc. Natural Fluorimeter
http://www.biospherical.com/Index.htm
Measures 683 nm natural fluorescence that is not suitable for marine studies.
Seapoint: Chlorophyll Fluorimeter (SCF)
http://www.seapoint.com/index.htm
The Seapoint Chlorophyll Fluorimeter (SCF) is a high-performance, low power instrument for in situ measurements of chlorophyll a. Its small size, low power consumption, high sensitivity, wide dynamic range, 6000 m depth capability, and open or pump-through sample volume options provide the power and flexibility to measure chlorophyll a in a wide variety of conditions. The SCF uses modulated blue LED lamps and a blue excitation filter to excite chlorophyll a. The fluorescent light emitted by the chlorophyll a passes through a red emission filter and is detected by a silicon photodiode. The low level signal is then processed using synchronous demodulation circuitry which generates an output voltage proportional to chlorophyll a concentration. The SCF may be operated with or without a pump. The sensing volume may be left open to the surrounding water, or, with the use of the supplied cap, can have water pumped through it. Two control lines allow the user to set the range to one of four options. These lines may be hardwired or microprocessor controlled to provide a suitable range and resolution for a given application. The sensor is easily interfaced with data acquisition packages. Ultraviolet and rhodamine versions are also available. May be problems with logging the signal if used in autonomous mode to a data logger as it needs two channels to record the data

Depth Rating: 6000 m

Cost: $3,500

Chelsea Technology Group: Aquatracka Mark III

http://www.marine-acoustics.co.uk/index.html

A compact, lightweight, submersible fluorimeter for the detection of chlorophyll-a, dye tracing or turbidity. Two variants of the instrument are available, both manufactured in titanium, and rated to 2000 m and 6000 m respectively. For deck and laboratory applications a flow through cowling is available. This instrument can sense chemical fluorescence or light scatter in the visible and near infrared (400 to 800 nm). Versatility is achieved by the selection of appropriate optical narrow bandpass filters to match the excitation and emission wavelengths of the fluorophor, e.g., chlorophyll-a, rhodamine or fluorescein. It may be configured as a nephelometer by using the same band pass filters for both excitation and emission. The AQUAtracka III uses a rugged pulsed xenon light source which is not prone to sudden failure and gives low power consumption with excellent detection limits. Similarly, the photo-diode detector is virtually indestructible and provides calibration stability over long time intervals. A dual-beam ratiometric arrangement is used with a reference channel monitoring the intensity of each flash, thus compensating for light source ageing. The ratio of the signals from sample and reference channels is computed and output as a logarithmically scaled analogue voltage to give the wide, four-decade range of the instrument.

Depth Rating: 2000 m

Cost: £5,750 in titanium. Calibration £500

Chelsea Technology Group: UV Aquatracka
http://www.marine-acoustics.co.uk/index.html

This instrument is a submersible fluorimeter to monitor the concentration of hydrocarbons (360 nm) or Gelbstoff (440 nm) in a wide range of oceanographic applications. It utilizes a pulsed xenon light source, a miniature PMT as the detector and incorporates a 20-bit ADC under the control of a micro controller. Data output is factory set as a logarithmic analogue. The turret mechanical arrangement and main PCB allows for an optional Pt100 temperature probe. This option allows user correction of variation due to temperature in the fluorescence signal quantum yield. For deck and laboratory applications a flow through cowling is available. With a titanium pressure casing the instrument is rated to 600 m and has an optional ambient light baffling cowl for use in surface waters.

Depth Rating: 600 m

Cost: £9,300 in titanium. Calibration £580

Chelsea Technology Group: Minitracka
http://www.marine-acoustics.co.uk/index.html

A smaller but similar system to Aquatracka that uses an LED, and in consequence has a much smaller power requirement. Eight variants of the instrument are available by choice of filters for different fluorescence wavelengths: Chlorophyll-a (two separate wave lengths), Rhodamine, Amido Rhodamine, Fluorescein, Phycoerythrin, Phycocyanin as well as a Nephelometer. Specimen excitation is from a high brilliance blue LED combined with optical filtering. Optical emissions are detected by a large area, low temperature coefficient (tempco) photodiode which feeds a low noise preamp that, together with phase sensitive detection, gives an overall electronic noise figure close to the theoretical minimum possible. Performance has a high degree of insensitivity to water temperature changes due to the low tempco of the new generation SQW LEDs, the selected photodiode used and the careful circuit design. The design of the electronic signal processing and cowl incorporated in the pressure housing, enables it to operate successfully in high levels of ambient light without the need to pump sea water through a dark observing chamber.

Cost: £1,850 for Chlorophyll a version (other versions more expensive). Calibration £335

3d. Fast Repetition Rate Fluorimeter

Chelsea Technology Group: Fasttracka

http://www.marine-acoustics.co.uk/index.html

This instrument was designed at Brookhaven National Laboratory as a means to measure variable fluorescence of marine phytoplankton. Delivering a rapid series of high frequency (200 kHz) flashes, the instrument determines the absorption cross section of Photosystem II, the rate of photosynthetic electron transport and the level of photochemical quenching. This measurement occurs optically, in real time and in-situ, and the simultaneous measurement of photosynthetically active radiation (PAR) by the Fasttracka allows for estimates of phytoplankton primary productivity to be made. The optical head has dual sample chambers allowing comparisons to be made of ambiently-irradiated and dark adapted phytoplankton samples. The heart of the instrument is a special patented fluorescence excitation system capable of generating a train of excitation flashes at rates exceeding 200kHz. A 16 MHz clock microcontroller monitors the digital acquisition of both the stimulated fluorescence and the excitation flashes, while simultaneously measuring PAR. The fluorescence emission and flash excitation data are compared onboard, immediately providing fluorescence yield data, which is used to calculate the biophysical parameters that pertain to photosynthesis. These parameters are stored on an internal PCMCIA "flash" non-volatile memory card, with a 24 MB capability. Later, the resulting data can be downloaded through an RS232 link to a host PC, where users can tailor the data stream to their experimental and analytical requirements. The instrumentation is highly flexible, allowing users to program up to 10 (flash) protocols in addition to the factory supplied default. Onboard diagnostic software automatically evaluates performance periodically e.g., warning users of potential problems with nearly full flashcards, unusual instrument settings, or out of tolerance detectors. For long term deployments (e.g. a mooring application), the wake/sleep ratio can be modified to fit the user’s needs, thus allowing temporal resolution from a matter of minutes to days. Although such flexibility allows advanced users to perform complicated experiments without expensive factory customization, the instrument is easy to operate for standard measurements of variable fluorescence.

Depth Rating: N/A

Cost: £36,000, calibration of Fluorimeter, PAR and Pressure £1,175

3e. Bioluminescence sensor

Chelsea Technology Group: Glowtracka

http://www.marine-acoustics.co.uk/index.html

The precision flow meter in this instrument stimulates bioluminescent organisms – principally dinoflagellates. The instrument then measures the light emitted as the organisms pass the detector. The complete range of flashes that can occur – from single events to mesoscale phenomena – is measured. The measurements indicate changes in primary productivity in an area, giving the instrument a useful role in pollution monitoring and biomass studies. Since the abundance of individual bioluminescent species can be studied, it may provide an indication of the occurrence of toxic algal blooms.
Depth Rating: N/A

Cost: £8,130, calibration £335

3f. Transmissometers
Chelsea Technology Group: Alphatracka I
http://www.marine-acoustics.co.uk/index.html

This transmissometer gives high accuracy measurement of suspended and dissolved solids in the water column. Precision made it measures the attenuation of light in water and is available with path lengths of 5, 10 or 25 cm for optimum results in areas of differing amounts of total suspended matter. With a Nyloil pressure casing the instrument is rated to 1000 m. The signal beam diameter is 15 mm and a source peak wavelength of 660 nm (red) is provided as standard. Optional wavelengths of 470 nm (blue), 565 nm (green) and 590 nm (yellow) are available. All typically have a source line half-width of 20 nm. Full performance is yielded even when exposed to full sunlight at any angle. This capability, together with good long term calibration stability and a low temperature coefficient, is achieved with a modulated LED source, an internal optical reference beam and photodiode detectors in a configuration giving ratiometric signal processing. Surface mount circuitry results in a compact instrument and the pressure housing and light path provides a high rigidity and low weight instrument with excellent corrosion resistance properties.

Depth Rating: A titanium version is rated to 6000 m
Cost: £2,995, calibration £325

WetLabs Transmissometer
http://www.wetlabs.com/index.html
The C-Star incorporates a novel monolithic housing with a highly integrated opto-electronic design to provide a low cost, compact solution for underwater measurements of beam transmittance. The instrument is capable of either free space measurements, or through the use of an optical flow tube, flow-through sampling with a pump. It can be used in profiling, moored, or underway applications. C-Star’s analog output allow easy interfacing to a wide variety of small battery-powered CTDs and loggers. A digital model is also available. C-Star is available in 10- and 25-cm pathlengths. The 25-cm pathlength C-Star can be built in aluminum or co-polymer plastic. The 10-cm pathlength C-Star is available in plastic only. Can be seen as a successor to the Sea Tech transmissometer. This company was taken over by Wet Labs.

Depth Rating: N/A
Cost: N/A

3g. Turbidity sensor

Rarely used in oceanographic studies so not detailed here. An example from one manufacturer is given.

Seapoint: Turbidity meter
http://www.seapoint.com/index.htm
Depth Rating: N/A

Cost: $1,150

3h. Plankton samplers

Chelsea Technology Group: Autonomous Plankton Sampler (APS)

http://www.marine-acoustics.co.uk/index.html

A modern, low cost Plankton Sampler updating the design of Sir Alister Hardy for automated, towed, moored and shipborne use. Developed with the Plymouth Marine Laboratory, this machine incorporates an internal programmable data logger controller and battery pack coupled with state of the art electric motor technology to drive the gauze advance mechanism. Gauze advance, battery low and memory full flags are logged after every gauze advance. The APS provides data logging for six external environmental sensors along with the capability to trigger the gauze advance protocol from an external source such as MINIpack or other CTDs. Provision has been made for the inclusion of a flow meter if required. The sampler sensor suite is optimised to meet the requirements of programmes such as GOOS, EuroGOOS, the Large Marine Ecosystem (LME) programmes and the US National Marine Fisheries Service.

Depth Rating: N/A

Cost: N/A

Valeport: Plankton Sampling Mechanism (PSM)
http://www.valeport.co.uk/indexlayers.htm
A simple PVC system that was originally designed by Steve Coombs of Spartel and has been extensively used in U-tow. The machine is not expensive and operates like a camera moving forward to command and not continuously as in the Continuous Plankton Recorder. This sampler is not listed on the Valeport web site.

Depth Rating: N/A

Cost: N/A

EnviroTech: Aquamonitor

http://www.n-virotech.com/

Depth Rating: 100 m

Cost: £15,000

3i. PAR irradiance sensors

Chelsea Technology Group: PAR irradiance sensor
http://www.marine-acoustics.co.uk/index.html

This instrument is used in the study of marine photosynthesis where the prime concern is to quantify the amount of Photosynthetically Active Radiation (PAR). With the use of logarithmic amplification, the sensor covers a range of 6 orders of magnitude. This has the advantage of avoiding setting up the sensor range for the expected signal level for different ambient conditions. The sensor's simple construction consists of a hollow PTFE 2π collector supported by a clear acetal dome diverting light to a filter and photodiode from which a (1 + Cosø)/2 response is obtained. The sensor can be integrated to standard oceanographic data acquisition systems. The instrument is designed to be moored, profiled or deployed in towed vehicles.

Depth Rating: 1000 m

Cost: N/A

Lycor Inc.: PAR irradiance sensors
Was not able to find details on the web although the sensor is widely used.

3j. Dissolved oxygen

Sea-Bird Electronics Inc: Dissolved Oxygen Sensor SBE 43
http://www.seabird.com/index.htm
Developed during five years of intensive research followed by four years of field trials this instrument is said to set a new oxygen measurement standard for oceanographic research. The new sensor is a Clark polarographic membrane type in which careful choices of materials, geometry, and sensor chemistry are combined with electronics interfacing and calibration methodology to yield major gains in performance. Stability of measurements is improved by an order of magnitude; the new sensor retains its accuracy during shipment and requires less frequent calibration.

Depth rating: 7000 m

Cost: N/A

Hydrolab CTD: DataSonde 4a: Dissolved Oxygen Sensor
http://www.hydrolab.com/

This probe uses the field proven Clark Cell technology with a continuous steady state reading. The system has low maintenance characteristics and is easily and affordably cleaned with no need to recondition the sensor. A circulator helps prevent fouling by sweeping detritus off the membrane. It is not clear if this probe can be interfaced with non-Hydrolab instruments.

Depth Rating: N/A

Cost: N/A

3k. pH probe

Applied Microsystems: AML Smart Instrument CTD
http://www.aml.bc.ca/

This system is a combination electrode sensor that is normally mounted on AML instruments, but can be integrated into other systems.

Depth Rating: 4500 m

Cost: N/A

Sea-Bird Electronics Inc pH Sensor : SBE 18
http://www.seabird.com/index.htm
A pressure-balanced glass-electrode /Ag/AgCl-reference pH probe provides in-situ measurements. The replaceable probe is permanently sealed and is supplied with a soaker bottle attachment that prevents the reference electrode from drying out during storage. The sensor and associated interface electronics is a modular, self-contained package that is easy to install, service, and calibrate. Intended primarily as a bolt-on auxiliary sensor for other Seabird instruments it can also be used as part of a custom instrumentation system. Power / signal interface cables and mounting hardware are available separately. The SBE 18's interface circuits buffer and offset the differential glass-electrode/reference potential to produce a high-level pH-dependent output voltage. Computation of pH in engineering units is typically done using Seabird software.

Depth Rating: 1200 m
Cost: N/A

3l. Optical Plankton Counter

Focal Technologies Corporation: Optical Plankton Counter (OPC)
http://www.focaltech.ns.ca/

This instrument counts and sizes zooplankton, fish eggs other aquatic organisms and detrital particles in real time. Cross-sectional areas of targets are measured as they traverse a calibrated beam of light while water light attenuance is measured and compensated to maintain calibration. With a sampling aperture of 2 x 25 cm this underwater remote unit enables continuous surveys of organisms at tow speeds up to 12 knots. The instrument can be mounted to fixed wings, undulating tow fish, vertical profilers or net samplers, and may be interfaced to CTDs, other sensors, and data loggers via an auxiliary power/data port. A compact deck unit provides power to the system and receives FSK- modulated data on a single pair of conductors connected to a remote unit. An RS-232 serial link connects the deck unit to a PC, where menu-driven software logs and displays the data.

Depth Rating: 1000 m

Cost: N/A

Focal Technologies Corporation: Mini Optical Plankton Counter
http://www.focaltech.ns.ca/

A smaller version of the above OPC with a reduced sampling aperture of 2 x 10 cm, and only rated to 300 m, but otherwise with similar characteristics.

Depth Rating: 300 m

Cost: N/A

3m. Laser Optical Plankton Counter (LOPC)

Brooke Ocean Technology Limited: Laser Optical Plankton Counter
http://www.brooke-ocean.com/index.html
This successor to the OPC, again designed by Dr Alex Hermann, BIO, Canada. It uses a high quality laser accompanied by precision optics to create a laser beam or plane which is used to detect a change in the laser path or an occlusion of the beam, thus indicating a particle in transit through the tunnel. The detection band is thin (1 mm) which combines to enable the LOPC to operate in high concentrations of plankton while keeping coincidence levels low. The instrument can measure particles from 0.1 to 33 mm. Other serial and analog instruments can be interfaced to the LOPC to give cross referencing. The instrument has been designed to operate with the MVP TUOR at up to 12 knots and is reputed to still provide good data. However, it is adaptable to any tow body and can also operate as stand-alone system.

Depth Rating: N/A

Cost: N/A

3n. Nutrient sensors

The technology for measuring nutrients in towed bodies is not yet at a sufficiently advanced state for us to recommend the purchase of any of the instruments on the market. Current instruments are only suitable for fixed depth application. As most products available are based on wet chemistry they need to store reagents and are thus large and bulky. Because of the time taken for the reaction to complete, say a 1 min to 1.5 min cycle in time, it is difficult to determine where the sample came from in relation to an undulation. Against this background a SubChem nutrient system has been attached to an Acrobat TUOR and is marketted as a package: the ‘XZ-Profiler’ (http://www.subchem.com/prod02.htm).

SubChem Systems, Inc.: SubChemPak Analyzer
http://www.subchem.com/

This rapid response (30 s), submersible chemical analyser is designed for high-resolution, real-time measurements of selected nutrients and other environmentally important chemicals. The whole system is enclosed in two cylinders of 63.5 x 12.7 and 30.5 x 12.7. It measures nitrate, nitrite, ironII and iron III at nannomolar levels. The four-channel, continuous-flow spectrophotometric analyser is comprised of two modular components: 1) the reagent delivery module and 2) a four channel absorption detector manufactured by Wet Labs Inc. The analyser utilizes continuous flow analytical methodologies that are optimised for rapid in situ measurements of dissolved nitrate, nitrite, iron, and other nutrients. The host computer software remotely controls the operation, automated in situ calibration, and data acquisition for the instrument. The concentration readings for nutrients are instantaneously displayed on the computer monitor and stored on the hard disk. The analyser and its deck box are readily integrated with oceanographic CTDs and other underwater sensors on vertical and horizontal profiling platforms.

Depth Rating: N/A

Cost: N/A

YSI Environmental: YSI 6600 multiparameter probe
http://www.ysi.com/environmental-monitoring/multiparameter.htm
Have just heard that a new nutrient sampling system has just been launched I believe by this company, but have not been able to get any information in time for this report.

Evaluation of instrumentation

First we wish to state that the above listing of instrumentation is not complete. Obtaining the information for the list was a time-consuming exercise based on experience, recommendations from colleagues, literature and web searches. While not complete we believe that we have captured most of the major players.

Just as for the TUORs, deciding on the best package of instrumentation that should be included in a given vehicle is not easy given the difficulty of obtaining complete information for the different instruments. A wide range of potential packages are possible for all the TUORs. Minibat has been fitted packages of instrumentation (numbered below) eachlisting the manufacturers, 1. YSI, AML, AML, 2. ETI, AML, Focal OPC, 3. Hydrolab, 4. A small specialist instrumentation company, AML, 5. Seabird, 6. Idronaut, Seatech Seatech, 7. Seabird, Wetlab. Against this background, we have had some comments on the quality of construction of the Hydrolab and YSI instruments, but have not been able to confirm details. Integration of different systems is not always straightforward. Some Sea-Bird CTDs can be equipped with a WET Labs Flash Lamp Fluorimeter. For these fluorimeters, the CTD configuration file requires a scale factor and offset to be inserted to enable the software to calculate the concentration. Packaging, size and the integration of digital output is also important. Finally, location of the sampling site in the world may also be important in the choice of probes to use.

A number of principles can be stated. In the first case it is normally best to utilise the instrumentation that has been designed for standard incorporation in a given TUOR as that will work best as a package, installation will be easier, and the package is likely to be a cheaper option. Second, against this first point, the best instrumentation available should be purchased where possible. While expensive for example, Seabird have an excellent reputation for their CTD. Rapid advances are being made in the development of new highly intelligent microprocessor controlled systems with increased accuracy and reliability. These systems do need testing however. Higher cost invariably means greater accuracy, reliability and a longer life for given instrument purchases. However, high precision is invariably not required for inclusion in TUORs because of their speed of vertical movement and spatial resolution. Mapping fine structure with TUORs is not recommended. For example, temperature measurements with an accuracy of 0.01°C and conductivity, the same, to 0.02 Siemens is adequate. On this basis, all the instrumentation listed above fulfils this basic specification. The instrumentation needs to be packaged as a small container with appropriate housing for the prescribed depth rating. Titanium rather than plastic housing is likely to give a longer life as well as depth rating, in some cases for a relatively small extra cost and should be chosen when possible. The past track record of instrumentation manufacturers and their specific products is a key issue. At this time, most instruments provide analog input to digital recorders. There are few fully digital systems available. Where possible, instruments should be backed up with a duplicate from a different company as an insurance against failure and for checking.

We suggest that a standard instrumentation package for a BCLME TUOR should include:

· CTD multiparameter probe CTD plus fluorescence

· Transmissometer

· PAR

· Plankton sampling mechanism

· Water sampling mechanism

Optional additional instruments could include DO, pH and a nutrient sensor. If these are chosen, it must be recognised that the information they provide can be unreliable and will likely involve much post sampling processing.

Three other sophisticated modern instrumentation packages include OPC, LOPC and FRFF. While these instruments provide a great deal of data and are becoming widely used, what the data means is still far from clear. Good correlations have been obtained for example with transmissometer data in shelf sea conditions. Instruments are also expensive and will require considerable backup in the laboratory as well as during profiling at sea. If they should be purchased we recommend that they should initially be used as a research tool. At this time they should not be part of a standard monitoring protocol. The OPC and LOPC produce large quantities of data that really require the use of optical cables to pass up the information in real time. They are not readily adaptable to the Nushuttle.

Using the principal above of instrument purchase from the TUOR manufacturer, a standard set of instruments for Nushuttle to fulfil the basic parameters would include:

· CTD multiparameter probe CTD plus fluorescence: Minipack

· Transmissometer: Alphatracker I

· PAR Chelsea system

· Plankton sampling mechanism: Autonomous Plankton Sampler

· Water sampling mechanism – N/A

This leaves the water sampling mechanism; the only system available at present is manufactured by EnviroTech. To our knowledge it has never been used in a Nushuttle before. We recommend that it should be included if at all possible. It is a highly flexible system that provides ‘sea truthing’ opportunities for the other measurements.

Continuing with the principles outlined above, the Minipack does not autorange as in the Seapoint fluorimeter, for the former the range needs to be known in advance. Both of these systems are subject to problems with air bubbles/wave refraction in the upper water column. If comparisons need to be made with satellite fluorescence measurements, these basic systems are likely to give problems. These problems have been overcome by CEFAS with Scanfish by purchasing an expensive xenon fluorimeter manufactured by Dr Haardt (Hamburg). We have not yet obtained details of this system, but it costs in the region of £14,000, considerably above its rivals. If the funds are available and the desire is there, we would recommend the purchase of a similar system as it has an excellent track record.

Some of the Chelsea instrumentation needs further improvement to make them more easily useable in the field. The APS system uses batteries inside that are not rechargeable and can only be obtained from Chelsea. Each pack should give 800 advances, but is often less efficient. For frequent use, purchase of replacement batteries could prove to be an expensive option. Before any system is purchased by BCLME, Chelsea should be encouraged to modify the system to take direct power.

4. Options for use of level flight CPRs by ships of opportunity

Here we develop the concept of using the CPR in level flight behind voluntary ‘ships of opportunity’ to provide a gridded temporal and spatial framework for the BCLME study. Such tows should compliment and not replace TUOR deployments. The tow ships could be merchant vessels on their normal routes if they transect appropriate waters for BCLME, customs, fishery protection or naval vessels on routine deployments. Tow vessels for CPRs operated by SAHFOS, in all current cases, provide the service for free; SAHFOS normally donates £40 per tow beer money to the crew. A new CPR including a sampling cassette currently costs ~£11,000 and a simple winch, if necessary, ~£2,500 to manufacture and fit. In contrast, purchase of a TUOR system is a major capital investment. Their deployment inevitably requires the use of dedicated time on research ships, is expensive and labour intensive pre, during and post deployment. Capital costs and person power for deployment of a CPR is thus considerably less than for a TUOR. Operation of most TUORs is usually restricted to conditions less than force 6 and the vehicles are not as well tested as the CPR and more liable to damage. The CPR is a well proven technology that is rugged, reliable and capable of withstanding the at times harsh handling experienced in transport to and from ships, in deployment and in towing from SOOPs (at times in force 12 gales). In recent years, of the CPRs sent out for deployment by the workshop staff of SAHFOS, more than 90% have returned with useable plankton samples. The downside of the CPR is that it only samples the upper layer of the water column at ~10m. This is where the complimentarity exists with the TUOR that can help interpret the patterns found in the synoptic CPR results.

The combined use of CPRs and TUORs has been advocated by Shermann (e.g. 1994) in his promotion of the Large Marine Ecosystem concept. Since 1983 he has been advocating the application of a holistic approach to the assessment, monitoring and management of coastal Large Marine Ecosystems (LMEs) by tracking key biological and environmental parameters. World wide approximately 50 LMEs have been characterised based on the adjacent catchment, bathymetry, hydrography, productivity and trophodynamics. Two LMEs have been defined off the coast of southern Africa, (29) Benguela Current and (30) Agulhas. Assessment and monitoring activities in five modules are central to the approach: 1. Productivity, 2. Fish and fisheries, 3. Pollution and ecosystem health, 4. Socioeconomics and 5. Governance. To assess the carrying capacity or productivity of LMEs and determine perturbations at the planktonic trophic level Shermann (e.g. 1994) proposed the deployment of CPR systems from Ships of Opportunity. Reid (1999) contributed to this debate with a suggestion that the management of ocean ecosystems should be based on the quantitative classification of oceanic systems developed by Longhurst (1998) again with a network of CPR routes providing planktonic data that integrates signals of environmental change. The CPR approach to monitoring plankton has also been identified as a way forward in the developing plans of the Global Ocean Observing System (GOOS) and the CPR survey is already part of the Initial Observing System of GOOS.

The value of CPR plankton results can be augmented by attaching additional instrumentation to the tow vehicle. At SAHFOS, Aquapacks and Minipacks measuring temperature, conductivity, depth and chlorophyll fluorescence, electro-magnetic flowmeters, and inexpensive and reliable Vemco temperature recorders have been deployed on CPRs for over a decade. The temperature data is now placed on the SAHFOS web site in pseudo real time. Use of such instruments impinges on logistics and costs as the person power to service and calibrate the equipment as well as downloading and processing the data is not insignificant.
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Results from the CPR survey have demonstrated that synoptic monitoring on a monthly timescale is sufficient to characterise dominant seasonal and year-to-year signals in the plankton. Comparative studies between the CPR and other net systems sampling at deeper depths (Batten et al, 2003, Sameoto pers. comm., Hunt & Hosie, 2003) indicate that the CPR results from 10 m reflect zooplankton abundance in a 0 to 100 m water column. For a major overview of the CPR survey, see the 70th anniversary special issue of Progress in Oceanography recently published in Progress in Oceanography (Reid et al., 2003). The plankton has also been shown to be a good integrator of environmental change as seen through relationships with hydro/meteorological indices such as the North Atlantic Oscillation (NAO) (Fromentin and Planque,1996), the Gulf Stream Index (GSI) (Taylor, 1995), Northern Hemisphere temperatures and climate change (Beaugrand & Reid, 2003). Recent work has also demonstrated the value of the survey to studies of eutrophication, biological indicators and fisheries (see SAHFOS Annual Report and Beaugrand et al., in press). The methodology provides a rugged, reliable and cost effective approach to monitoring regional plankton variability that can provide indicators of environmental change, help understand fish stock variability and provide input to ecosystem models.

To operate a CPR survey successfully requires the careful integration of a number of inter-dependent operations:

· Purchase of a CPR body and at least one inner mechanism

· Existence of a small workshop with a technician trained to maintain the CPR and inners

· A suitable towing ship, winch and davit

· Arrangements to transport the CPR from the workshop to the ship and vice versa

· Training for the tow ship in handling the CPR and taking appropriate tow records.

· An appropriate supply of prepared silks. 

· The technician also needs to be trained to load and unload the silks from the mechanisms

· A laboratory and microscope for analysis, with storage for unloaded silks

· Trained plankton analyst(s)

· A database for storing tow records and plankton analysis results.

Without these components a survey will fail. SAHFOS is keen to promote the establishment of new CPR surveys and has a remit to help develop and train staff. An information document on the development of new CPR surveys and routes has been produced by SAHFOS and is attached as Appendix D.

5. Capacity building

To implement a programme of using TUORs, capital, infrastructure support and training are necessary. It was clear from many of the respondents on the Needs Assessment that money was an issue. BCLME has the ability to not only provide sufficient capital to purchase TUORs, and also facilities such as laboratory space and microscopes for subsequent sample analysis.

An equally important issue was that most respondents did not consider that their institutions had sufficient capacity to operate a TUOR. It is essential that whatever TUORs that BCLME purchases, there is sufficient funding for adequate capacity building. Marine and Coastal Management was the only organisation within the region that was considered to have sufficient capacity by some respodents to operate TUORs (after some training). It seems practical that any TUOR for the region would be based at this organisation. This is especially true for the regular large-scale routes that want to be setup in the BCLME region between South Africa, Namibia and Angola. Such large-scale routes that must be towed by SOOPs are logistically difficult, and SAHFOS can provide extensive support for running a CPR survey. Training in identification of phyto- and partially-squashed zooplankton from CPR samples can also be provided by the experienced staff at SAHFOS. The capacity of SAHFOS to provide such training is illustrated by the recent 2nd ICES Zooplankton Taxonomy Workshop that they held in Plymouth UK from 10-13 June 2003. SAHFOS has recently help setup a CPR survey in the North Pacific.

6. Health, Environment and Safety

Health, environment and safety are important considerations for the safe operation of TUORs and for subsequent laboratory analyses. Guidelines are dependent upon the system used and the types of vessels (whether research vessels or SOOPs), although there are many common themes. We include as Appendix E: `Guidelines for the safe deployment of the CPR´ (from SAHFOS), which should provide a basis for any customised plan for other TUORs.

7. Terms of reference of TUOR evaluation

A list of requests to be included in this evaluation were included in the original contract. Commentary is included below under headings of the terms of reference to indicate where the work has been completed to our satisfaction, what problems occurred, and to outline any recommendations for future extensions of the work.

A needs assessment of the users of TUORs from the BCLME region.

To determine the needs of researchers in the countries affiliated to BCLME, questionnaires were sent to 33 researchers (13 responded) and discussions held with a number of other scientists on the phone and face-to-face. The results of the assessment are included in Section 1 of the report.

Assess the range of undulating vehicles that are available and provide a detailed evaluation of the advantages and limitations of each vehicle.

A comprehensive overview has been completed, in part via the proformas, and through the assessment above. The evaluation has been completed within the knowledge available at the time of completion of this report. One of the Proformas (No. 11) has not been edited from the original information acquired from the web. This company did not provide any information by correspondence, but it has an informative web site. This draft is included to give an idea of the work needed to produce each of the other proformas, which also include other data than from the web. We hope to update and edit the proformas for publication in 2003 on the SCOR web.

A supplementary section has been added to the report outlining the advantage of establishing an associated use of rugged and well-tested CPRs that can operate throughtout the year from ‘ships of opportunity’. Realistically, TUORs cannot be used from SOOPs without extensive backup and strong support from the shipping companies.

Assess the following range of instruments that can be installed in the various vehicles: CTDF, FRRF, OPC and Plankton Sampler.
CTDF

The data logging and processing capability of different packages under this heading are outlined in the instrumentation Section 3. A recommendation is made on the most appropriate package to purchase. Most CTDs are marketted without fluorescence. In some cases, additional determinands such as F can be linked to a CTD and logged internally or in real time.

FRRF

This instrument comes with strong recommendations from many of the scientists we have spoken to. Against this recommendation there appear still to be many problems in the interpretation of the results. It is suggested by some scientists that the instrument may not be appropriate for deployment on TUORs because of potential hysteresis effects. Experts in southern Africa with experience of using this instrument should provide input on the benefits of using it on a TUOR. The measured parameters are stored on an internal memory card, with a 24MB capacity. Data can be downloaded at the end of a deployment via a RS232 link to a host PC, where users can tailor the data stream to their own requirements. The instrumentation is highly flexible and performance is monitored automatically. Temporal sampling resolution can be varied from minutes to days. Standard measurements of variable fluorescence are easily obtained by an operator; it is their interpretation that is difficult. 

OPC Assess

This instrument has now been in operation for more than a decade and has been routinely used on Scanfish amongst other platforms. A deck unit powers the OPC and receives data on the same cable. It displays all relevant information including counts per second, total counts, light attenuance, and a value indicating the relative biomass transfer rate through the OPC. A size histogram gives the user a running spectral summary of the sampled organisms and allows peaks and trends to be identified immediately. Light attenuance, counts per second, and relative biomass transfer rate are available as analog signals on the rear panel of the deck unit. In addition, one parallel and two serial connectors are provided for connection to a PC that can receive unfiltered digital data from the TUOR mounted instrument. Focal software allows the user to perform basic data acquisition functions and to store plankton size data and light attenuance. A timer count is recorded every half second. The timer count allows the OPC data to be subsequently integrated with data from other instruments. The data are stored in binary form to save space, but can be converted to ASCII or CSV format. The OPC software is in a simple menu-driven form for easy user interface. This text has been derived from web information that is likely to be out of date given the advances in computing since this instrument was first introduced in the late 1980s. An early reference by Herman (1988).

Alex Herman was particularly helpful in providing information for this study, including details of the successor to the OPC the LOPC (Herman et al. 1998). Both of these instruments are evaluated in the instrumentation section. The LOPC has been used by Hermann attached to the MVP despite the potential problems of hysteresis due to the speed of ascent and descent. (see reference below) We are not in a position to evaluate this application. The LOPC data logging and processing capability is state of the art, but requires the use of optical cable.

Plankton sampler

An evaluation of this machine is included in the instrumentation section. In summary, only two systems area available other than the normal CPR cassette, the Chelsea APS and the Valeport PSS. Both can be equipped with flowmeters, impellor or electromagnetic. The Chelsea system is the more sophisticated of the two.

Assess the range of computing and software options that are available for running each vehicle with various instrument packages.

Details are given on the proformas. There was considerable difference between the different manufacturers in the information provided under this heading and it proved difficult to get examples of products from the software. All the systems examined come with associated, in most cases, sophisticated software to record and control the towed vehicle. The software and its visual presentation on a PC screen varies considerably between different systems, but in all cases is adequate. In most examples data acquisition software is needed independently of the control software and the two are not interfaced during towing. Data can be recorded in real time up a cable or stored in onboard logging systems for subsequent retrieval. Most TUOR systems have a central data management system, although this can also be run in some cases from other attached instrumentation. Manuals are provided we believe by all manufacturers. In most cases the data collection software stores configuration files and parameter data for later analysis in ASCII format that is easily transcribed for later analysis in standard data processing packages. If FRFF, OPC or LOPC instrumentation are included on the TUOR the level of sophistication of computing, data obtained and data processing needed increase substantially, but the general points above still stand. In the case of the OPC and LOPC further complications ensue as the data volume that needs to be transmitted up a cable in real time requires the use of optical fibre cable. Such a system at this time is not easily included on the Nushuttle and is likely to affect its performance. To move up to this level of data transmission ‘Rolls Royce’ systems like Triaxus would need to be used. Alternatively as has been done for some lighter and cheaper systems two cables that are tied together have been used. We do not recommend this approach as cables are likely to get damaged regularly and the performance of the vehicle is likely to be severely affected.

Software for a CPR survey can be obtained from SAHFOS gratis. Computing needs are likely to be well covered in any marine laboratory.

Assess the servicing and maintenance requirements of each vehicle and instruments.

Most of the TUOR systems available are robust, well tested and only require occasional servicing. However, because of the environment they are working in and the use of electonic connections operation of such equipment at sea is rarely straightforward. Mechanical, electronic and computing skills need to be readily to hand during cruises to ensure the equipment is fully operational at all times. Information on maintainance and servicing requirements for the TUORs, when made available, is included in the proformas.

Information under this heading has also been provided for the CPR

Assess the person-power requirements for the running of the undulator on various cruises, maintenance of the vehicle and instruments, and data handling, processing and archiving.
For TUOR deployment on cruises we suggest that at least four and preferably five people are needed to run the system to allow for 24 hour use. This staff list should include at least two scientists and two technical staff. A dedicated computer database expert should also be included so that data can be processed on board ship in real time ready for archiving in a secure relational database on return to the laboratory. This same group would be responsible for maintainance and post cruise processing as well as writing up results for publication.

Information under this heading has also been provided for the CPR

Assess the quality and duration of the training that will be needed to enable southern African scientists and technicians to deploy an undulating vehicle.
Training in the use of TUORs is provided by most companies as part of the initial commissioning of equipment. In some cases as for Chelsea it is included in the price for others it is charged on a daily basis as needed. In our view this preliminary instruction in the use of the vehicle is not sufficient to ensure a successful operation of the equipment into the future. Training is an important part of using TUORs. Developing appropriate expertise from scratch is no mean feat. The choice of instrumentation to be used is a key factor and the costs will depend on that. The costs below are for a basic system that does not include more sophisticated instruments like the OPC and FRFF. Should this equipment be purchased additional training costs would be incurred. We suggest that funds should be provided for at least two scientists, two electronic technicians and at least one mechanical technician to spend at least one month working with another group that are already using the selected TUOR. There should also be opportunities for repeat visits.

SAHFOS has considerable experience in training personnel to operate CPR surveys. All of the different stages of a survey are covered, but an especial focus is placed on the training of technicians and plankton analysts. Technicians are trained in the maintenance of CPR machines and their enclosed sampling cassettes over a two week period in Plymouth. Plankton analysts study over a two month period, again in Plymouth, the methods of analysis of CPR samples, identification of phytoplankton and zooplankton and initial data processing. If the scientists are already competent plankton taxonomists then the course can usually be completed in one month. Ongoing links with SAHFOS after the initial training need to be maintained to provide quality control. One CPR analyist can routinely process ~450 samples per year, normally working at a microscope for half of each day.

Estimate the costs of the various undulating vehicles and instruments that are available, including training, and computing and software costs.

A full assessment of the costs of TUORs and their included instrumentation has been undertaken above in Sections 2 and 3 of the report. Training costs will primarily cover T&S and possibly a bench fee from the host laboratory. For most of the TUORs the computers and the software available are just used to control the vehicle. Other computers and software systems need to be purchased for data acquisition, plotting in real time and subsequent processing. Appropriate powerful PCs are now available at small cost ~£2,5000. We have not managed to get costs for software as a separate item, it is normally packaged with instruments. Costs are likely to vary considerably, but relatively cheap acquisition systems are available. We suggest that sums of ~£20,000, £3,000 and £10,000 should be put aside to cover TUOR training, a computer and software.

Separate training, computing and software costs will be incurred should a CPR survey be established. Costs for computing and software would be minimal. Costs for training a technician are ~£1,600 for two weeks, plus Travel and Subsistence. Costs for an analyst are ~£5,000 for two months plus Travel & Subsistence.

Potential use of TUORS to synoptically map the BCLME
This evaluation is tasked with assessing the extent to which TUORS could be used in the synoptic mapping of a large sea area off the west coast of Southern Africa. The surveys should encompass a variety of sea states and cross major frontal and eddy systems. Likely tow routes are also identified and include Cape Town (South Africa) to Walvis Bay (Namibia), Walvis Bay to Luanda (Angola), and Cape Town to Port Elizabeth (South Africa). It is also proposed that the selected TUOR should be suitable for operation on ships of opportunity as well as on research vessels.

To our knowledge no TUOR has been used in SOOP mode without the attendance of scientific and technical staff and we know of no current survey that is using SOOPs. Such surveys, other than the MVP, cannot operate in sea states greater than force 6. Furthermore, to obtain data in real time they require expensive and specialist winches, which cannot easily be attached to merchant ships. Deployment of TUORs in self logging autonomous mode is rarely undertaken because of the potential for the equipment failing, with no knowledge of the event until the end of the transect and no data being collected. To overcome these deficiencies of TUORs we propose that the core of a BCLME synoptic survey should utilise another well tested towed body the Continuous Plankton Recorder. Complimentary deployments of a multi-instrumented TUOR could be used to evaluate vertical structure and specific biological and physical features and events.

Using SOOPs to tow recorders means that the device must meet certain prerequisites. First, the device must be able to operate at common shipping speeds of >20 knots, and very few (if any) of the devices in this Report can. Second, the device must be simple to use so that the crew of a SOOP can deploy the device, as it is usually not possible to send staff to accompany TUORs on SOOPs. Third, the device must be tough enough to survive the considerable forces experienced during deployment and retrieval, as SOOPs do not slow down for over-the-side operations. Last and most importantly, the device needs to be extremely robust, as deployment and retrieval at high speeds means that the device sometimes collides with the side of the ship. This may not be infrequent in the rough seas and strong winds common in the BCLME region. Although some TUORs claim that they are able to be deployed from SOOPs, they have never been properly tested in this mode: none of the devices described are robust enough for deployment behind SOOPs. The only available towed recorder for this type of operation is the Continuous Plankton Recorder (CPR).

Conclusions

The first section of this report outlines the results of a survey of the requirements and views of researchers in southern Africa on TUOR systems. Questionnaires were distributed and it is clear from the respondents that TUORs are needed. It was clear from the Questionnaire that TUORs are needed for two types of research. First, process-oriented studies, particularly on phytoplankton productivity and zooplankton dynamics, are required on an ad hoc basis using research vessels. Second, monitoring/long-term research into the impacts of climate change, pollution, and eutrophication on phyto-, zoo- and icthyoplankton need to be conducted more frequently (on a monthly basis). Some of the researchers expressed an interest in establishing in parallel a CPR-type survey in the region. Whatever TUORs are used, they must be able to collect phytoplankton, zooplankton and ichthyoplankton, as well as house a CTDF, FRRF, OPC and plankton sampler. 

In this assessment for BCLME we have documented and classified a range of different TUORs and potential instrumentation packages that are commonly available and estimate their cost. Each TUOR has been outlined on a proforma that enables easy comparison of their characteristics. Our evaluation of the TUORs suggests that more than one option may be suitable for use in the BCLME programme. The choice of depth to sample will play a key role in making the final decision as well as clear evidence of good customer service. Poor responses to our enquiries (a number of emails and telephone calls, often to different people in the company or affiliated company) from some companies do not place them in a good light in this selection process.

Only three systems to our knowledge have included plankton sampling mechanisms to date and one of these, the Aquashuttle, is now superseded by a more modern design. This leaves Nushuttle and U-Tow as the chief candidates to be promoted out of our survey. In terms of costs and other aspects outlined in the report, Nushuttle comes out as the prime system to recommend for purchase.

If Nushuttle is selected, appropriate instruments under these headings would be:

· CTD multiparameter probe CTD plus fluorescence: Minipack

· Transmissometer: Alphatracker I

· PAR Chelsea system

· Plankton sampling mechanism: Autonomous Plankton Sampler (APS)

· Water sampling mechanism

Optional additional instruments could include DO, pH and a nutrient sensor. We also outline characteristics of sophisticated instrumentation packages such as OPC, LOPC and FRFF and recommend that they should be used as a research tool and not part of a monitoring protocol. Some improvements in the Chelsea APS system may be necessary before purchase. The number of persons required to operate a successful TUOR programme is four (or preferably five) scientific and technical staff.

In the initial stages, support for one week in commissioning trials is normally provided by manufacturers. The BCLME might want to contract experienced support from a company such as SPARTEL to provide further backup on demand beyond this first week. Part of their contract might be a full testing of the equipment that should be completed before final payment is made. All TUOR and instrumentation companies used should work to tight timescales and strict penalty clauses for non-delivery on time or failure of equipment to operate should be included in purchase contracts. The contract should include a section on follow-up service again with penalties if the service is not provided to a pre-agreed timetable. Training is best achieved by working in parallel with a team that is already routinely deploying TUORs. We suggest that funds should be made available for scientists and technicians to spend at least one month working with an overseas TUOR team.

It is evident from the Needs Assessment that researchers in the region require a TUOR for both process-oriented and monitoring purposes. It was stipulated in the specification of the Contract that “The TUORs need to be suitable for use on ships of opportunity as well as on research vessels”. The need for regular surveys (weekly to monthly) over large scales precludes the use of research vessels. Our extensive review of the capability of TUORs, however, shows that none of them are suitable at present for use on ‘ships of opportunity’ despite claims by some manufacturers.

As a solution, we outline a complimentary approach using a CPR towed behind SOOPs. The methodology provides a rugged, reliable and cost effective approach to monitoring regional plankton variability that can provide indicators of environmental change, help understand fish stock variability and provide input to ecosystem models. The organisation that operates the CPR survey, SAHFOS, has considerable experience in establishing new surveys and would be able to provide estimates of cost, outline equipment requirements and provide appropriate training. Should BCLME wish to take this forward, we recommend that SAHFOS be contacted directly for appropriate advice.

Health, environment and safety are important considerations for the safe operation of TUORs, especially safe deployment at sea and lifting of heavy gear. It is also important in terms of subsequent laboratory analyses with respect to formalin and microscope setup. Guidelines are dependent upon the system used and the types of vessels (whether research vessels or SOOPs), although there are many common themes outlined in Appendix E.

Finally we would like to thank BCLME for the opportunity to undertake this study. We would like the opportunity to publish a shortened version (that removes critical comments on specific equipment) with BCLME support that could also be placed on the BCLME website. It would be beneficial to BCLME if both Dr Reid and Dr Richardson were given an opportunity to give a verbal presentation of our results and any follow on to an appropriate audience in southern Africa. If any further development of this work is needed, we would be happy to provide further assistance.
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Appendix A: Details of Needs Assessment of potential users

A Needs Assessment of the Users of Towed Undulating Oceanographic Recorders from the Angolan, Namibian and South African regions

This short questionnaire forms part of a feasibility assessment for the GEF-funded (Global Environment Fund) Benguela Current Large Marine Ecosystem (BCLME) for the use of Towed Undulating Oceanographic Recorders (TUORs). As you are aware, towed devices can collect both physical (temperature and salinity) and biological (samples for phytoplankton, zooplankton and ichthyoplankton; photosynthetic parameters; zooplankton optical plankton counter) information. They can be used for process-oriented fine-scale studies as well as broad-scale monitoring surveys. The aim of this questionnaire is to assess the user needs in the region. At this stage, the questionnaire is just to ascertain if there is a need in the region for data from such a device. If there is a demand, this information will then be used to decide upon the towed device/s of choice that meet the needs of the region. We have identified you as a potential user of TUORs and other towed devices in the region, and would greatly appreciate your response to the following questions. Please pass this questionnaire onto anyone you think maybe interested. We would appreciate you filling out this form in MSWord (or in your email package) and returning your response to marineconsultancy@yahoo.co.uk.

Thank you in advance for your help.

Yours sincerely

Dr Anthony J. Richardson (UK)

Dr P. Chris Reid (UK)

Questionnaire

1. Are you interested in using a towed device such as a TUOR? If not, it is not necessary to fill out the remainder of the questionnaire but we would still appreciate you returning this form so we can assess the level of interest in using the device.

2. Do you currently have a towed device?

3. What would you use a towed device to collect/study? 

Physical variables

Phytoplankton (please name particular groups if possible)

Photosynthetic parameters

Zooplankton

Fish eggs

Fish larvae

Other

4. How frequent would you want to sample with the towed device?

Ad hoc on research cruises

Weekly

Monthly

Seasonally

Annually

Other

5. Which country/ies would you use a towed device in? Angola, Namibia or South Africa

6. Would you use a towed device on research cruises for process-oriented studies or for long-term, large-scale monitoring/research?

7. What particular research area would you be interested in? Mark all that are relevant.

Assess fish eggs and larvae to aid fisheries assessments

Climate change

Fish egg and larval distribution

Occurrence and dynamics of Harmful Algal Blooms (HABs)

Phytoplankton dynamics

Pollution, eutrophication

Primary productivity

Relationships between the physical and biological environment

Synoptic mapping of variables

Relationship of plankton to physical features such as eddies, filaments and upwelling

Zooplankton dynamics (e.g. abundance, distribution, diel vertical migration)

Other (please specify)

8. If possible, briefly outline what you would use the towed device for.

9. Do you want to compare observations from the towed device in the Benguela with similar data from other systems?

Some technical issues

10. What instruments would you like the towed device to have? 

CTDF (for recording depth, temperature, salinity and chlorophyll fluorescence)

FRRF (for measuring photosynthetic parameters)

OPC (for recording zooplankton counts, size and biovolume)

Plankton Sampler (for collecting zooplankton, fish eggs and fish larvae)

Other (please specify)

11. Would you want to tow the device behind research vessels or ships of opportunity?

12. Do you have facilities for in-house maintenance of a towed device?

13. Do you currently have trained staff to deploy a towed device?

14. What depth or ranges of depths would you like a towed device to sample?

15. If deploying from ships of opportunity, would you send staff to accompany the vehicle on each deployment?

16. What post-collection display and interpretation do you require?

17. Do you have a particular towed device in mind for your needs?

18. Any other comments?

Table 2. Respondents to the TUOR Questionnaire.

	Name
	Affiliation
	Email Address

	Aina Iita
	NatMIRC, Namibia
	aiita@mfmr.gov.na

	Ray Barlow
	Marine and Coastal Management, South Africa
	Rgbarlow@deat.gov.za

	John Field
	University of Cape Town, South Africa
	jfield@egs.uct.ac.za

	Mark Gibbons
	University of the Western Cape, South Africa
	markg@nhm.ac.uk

	Jenny Huggett
	Marine and Coastal Management, South Africa
	Jhuggett@deat.gov.za

	Carl van der Lingen
	Marine and Coastal Management, South Africa
	Vdlingen@deat.gov.za

	Isabel Rangel
	IIM, Angola
	Bimamenezes@yahoo.com.br

	Tony Ribbink
	Rhodes University, South Africa
	a.ribbink@ru.ac.za

	Mike Roberts
	Marine and Coastal Management, South Africa
	mroberts@mcm.wcape.gov.za

	Catarina Ruby
	IIM, Angola
	katyruby@yahoo.com.br

	Dave Schoeman
	University of Port Elizabeth, South Africa
	Zladss@zoo.upe.ac.za

	Antonia da Silva
	IIM, Angola
	Antoniodasilva@io-warnemuende.de

	Hans Verheye
	Marine & Coastal Management, South Africa
	Hverheye@deat.gov.za


Appendix B: Example letter sent to companies that manufacture TUORs

Dear ………

Evaluation of Towed Undulating Oceanographic Recorders

With a colleague Anthony Richardson I am undertaking a consultancy project to evaluate the utility of Continuous Plankton and Environmental Recorders or Towed Undulating Oceanographic Recorders (to use two different generic terminologies). The aim of the project, which I intend to complete before the end of October is to:

1. assess the utility of the various towed bodies and the instruments that can be installed on vehicles, available at present on the market and

2. to make recommendations on the most suitable systems to purchase for a major research programme.

Our assessment will be wide ranging and will be based on a standard questionnaire matrix so that a detailed comparison can be made between different towed bodies and the instrumentation that can be fitted to them. Where possible we also intend to obtain the views of the different users of the equipment that has been available over the last decade. Our review will have a double use as I hope that much of the information obtained can be used by SCOR Working Group 115, chaired by Ivan Heaney, on which I am also a member. We plan to complete most of the report by the middle of next month for submission at the end of October.

I expect Company name to be a key player in this exercise because of your experience with TUOR name. Much of our work will be undertaken as a desk study. I would therefore be grateful if you would send me relevant literature and information as outlined below. Hardcopies of literature would be appreciated, but initially electronic documentation would be helpful.

Product details of all your currently marketed towed undulating bodies. This should include details of deployment, performance in the water and towing speeds. 

1. Information on the instrumentation marketed by Company name that the towed bodies can carry at present, including details, where possible, of results from real deployments. Examples of plotted data would be very useful for inclusion in our report. As part of this request please also include details of instrumentation that your company manufactures that can be used with your TUOR. 

2. Information on instrumentation made or marketed by other organisations that has been or could easily be fitted to TUOR name such as OPCs. 

3. If you produce a user newsletter I would appreciate copies. 

4. If you were able to give me address details of any satisfied customers using your gear that you would be happy for me to contact that would also be helpful 

5. Please provide details of cables required, most suitable winches and other logistical information. 

6. We wish to focus especially on the software used to operate the vehicles and for temporary storing and permanent archiving of data. The sophistication of your display and interpretative facilities will also be assessed. I would also appreciate examples of data files and displayed graphic data produced from your software. To what extent is the software used ‘inhouse’ or used on licence. 

7. Please outline maintenance and servicing schedules for each of the vehicles. How often are they likely to have to be returned to Company name for major overhaul? What backup facilities do you provide? 

8. What initial and continuing training is provided by Company name? Do staff from your company participate in the overseas trials of new purchases until the equipment is working satisfactorily? 

9. Please provide details of the person power needed to operate each of the vehicles. This should include deployment, technical support of the vehicles and instrumentation as well as person days needed for post-tow data handling, processing and archiving. 

10. Finally of course I would appreciate a breakdown of the current costs for assembly of a total undulating system.


Of course I do not expect you to respond to this long list of queries immediately; it is intended to give you an indication of the breadth of our remit. I am sure that there will be other issues that will come to mind over the next few weeks or that you indeed might suggest yourself. I realise that this is quite a list, but our work could also form the basis of a Company name contribution to the SCOR WG 115 web site, which plans to cover many, if not all, of these issues. Given the tight timetable for our report the sooner you are able to respond to my queries the better. I do hope that you are able to help. Please give me a ring at the Citadel Hill Lab on +44 1752 633271 if you wish to discuss the project in more detail. I normally work there Monday to Friday, with Wednesday to Thursday on SAHFOS priorities and Monday and Friday on this project into the immediate future.

Very best regards

Philip C. Reid

Appendix C: TUOR Proformas

TUOR Profile 1

Company: Brooke Ocean Technology Limited

Moving Vessel Profiler (MVP)
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1. Product details of TUOR
The MVP system includes a free fall streamlined vehicle (fish) that has no moving control surfaces, a high speed computer-controlled hydraulic winch, a tow cable that includes a conductor cable braided with a kevlar strengthening member and a complete cable metering, overboard launching and docking system. The tow-fish can carry a wide range of instruments to sample profiles while the towing ship is underway. Using this tow-yo concept, the system can achieve a much deeper depth for a given vessel speed than a comparable system with moving control wings. The system is autonomous and can be controlled by computer without any essential requirement for personnel on deck between deployment and recovery (but see below). A series of different vehicle (fish) and winch systems is marketed under the MVP product name. The four different model numbers, 30, 100, 200, and 300 (800 under development) denote the depth the system is capable of achieving when deployed from a vessel travelling at 12 knots. Each of the systems can be operated at speeds greater than 12 knots, but as speed is increased the depth that can be reached is reduced.

Deployment

The whole deployment process is executed under computer control and is constrained by three parameters: desired depth of cast, a selected minimum height above the bottom and maximum cable released. Once the programmed downcast depth has been reached, the fish is towed back up to near the surface from here it can be recovered or re-deployed.

Weight

N/A

Size

Sizes are not included here as they are generally reported including the deployment boom.

Construction

N/A

Performance in water

The system can be operated in rough weather up to sea state (?) and includes an automatic bottom avoidance mechanism through signals sent to the controller from the vehicle or from an interface to an echosounder on the towing ship (if fitted).

Depth achievable and Towing speed

· MVP 30 can reach 110 m at rest, 30 m at 12 knots and 6m at 15 knots.

· MVP 100 can reach 300 m at rest, 100 m at 12 knots and 32m at 14 knots.

· MVP 200 can reach 600 m at rest, 200m at 12 knots and 20m at 17 knots.

· MVP 300 can reach 1700 or 3400 m depending on the version at rest, 300 m at 12 knots and 80 m at 18 knots.

An MVP 100 profile to a depth of 100 m takes four minutes from deployment to recovery. For example the MVP 200 has been operated routinely for the past three years undulating to 100m from the Scotia Prince ferry, ME at speeds of up to 19 knots.

2. Instrumentation

Operational sensors included as standard on the TUOR

N/A

Optional Additional Brooke Ocean instruments

Two other instruments from this company have been designed to integrate with the MVP and be deployed from the same winch system in vertical profile form, the Laser Optical Particle Counter (LOPC) and the Free Fall Cone Penetrometer (FFCPT)

Instrumentation from other companies

N/A

Instrumentation used to date

· CTD

· Fluorimeter

· DO

· Sound velocity

Manufacturers N/A

3. Tow cables, winches and other logistical information.

Cables

N/A

Winch

The different MVP winches are designed to deploy the tow vehicle remotely and autonomously and can be controlled directly from the winch or from a control computer in an adjacent laboratory (but see deployment above). When the tow vehicle is not in operation, the winch may be used to deploy other payloads such as water bottle rosettes, small grab samplers or side scan sonar.

4. Operational Software

A user friendly windows based software system has been designed for winch control and data presentation in real time during the operation of the MVP. The computer screen options include a configuration display that includes simple on screen toggles to change the system defaults or operator settings, a manual control screen for operation of the boom and winch during deployment, profiling and recovery, depth plots of the various determinands measured and an operators screen. Data from the fish is collected in real time and recorded by the computer in ?? format.

Display and interpretative facilities

5. Data Storage and processing

N/A
6. Maintenance and servicing schedules 

N/A

7. Customer service and training

N/A

8. Person power needed to operate vehicles

Deployment

Two people are needed to complete a deployment from pre-launch preparations to complete recovery. While the vehicle is in the water this number could be reduced to one to watch the controls and adjust performance if needed. However, it is wise for an additional person to continue to supervise the winch while the ‘fish’ is in the water, even though it is being controlled remotely by computer from an adjacent cabin or laboratory. Inadvertent inquisitiveness or interference by the crew of the tow ship or others could prove dangerous if the winch suddenly turns on.
Technical support

N/A

Time needed for post-tow data handling

N/A

9. Current costs for assembly of a total undulating system.

N/A

10. Contact details

Arnold Furlong

Brooke Ocean Technology

11-50 Thornhill Drive

Dartmouth, Nova Scotia

Canada B3B

Tel: +1 902-468-2928; Fax: +1 902-468-1388

http://www.brooke-ocean.com/
TUOR Profile 2

Company: Chelsea Technology Group

 Aquashuttle Mark III
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1. Product details of TUOR

First operational in 1996, Aquashuttle Mark III is the third development of this vehicle that is based on the UOR designed by Dr Jim Aiken and built by Plymouth Marine Laboratory. As for the earlier UOR, the Mark I version marketed from 1988 up to ~1993 was used in autonomous mode mostly recording data internally. The flight profile of the vehicle is maintained by a servo-controlled elevator, the servo being powered by the vehicle’s own impeller driven alternator. (Power for instrumentation is provided independently either by power down cable or battery). Improvements to the servo unit, and initiation of real-time data access were standard in the Mark II version that was in operation for a short period from ~1993 to 1995. Mark III in the series is stronger, more user friendly and routinely operates with real time data access providing security that data is being recorded. This system is used as standard by the UK navy and DSTO (Australia). Instrumentation is housed in a front and rear payload area or can be attached on the outside. Chelsea provides the vehicle with the sensors needed to operate the electronics, the cable transmission system and to service included sensor packages.

Deployment

Cable from a suitable winch (see below) should be connected to the deployed vehicle via a Hiab or equivalent davit with a rating of 2 tonnes to give an adequate safety margin or an ‘A’ frame. Manhandling of the equipment at sea because of its weight is not recommended. It is also recommended that the vehicle should not be deployed or recovered above seastate 6.

Weight 

66 kg without sensors. Full sensor package approximately an additional 50 kg.

Size

Length 1.39 m, height, 0.5 m, width 0.38 m

Construction

The vehicle has a strong glass reinforced plastic body with an integral stainless steel framework which encloses the payload bays.

Performance in water

Rate of climb and descent 1 m per second maximum (programmable). Approximately one 65 m undulation over 1000 m at 10 knots.

Depth achievable

Can operate between 0 to 45m and can achieve 65m if extra wings are added. The actual performance depends on the speed of the towing vehicle and the weight of the included instrumentation.

Towing speed

Tows from 8 knots up to 25 knots.

2. Instrumentation

Operational sensors included as standard on the TUOR

The Aquashuttle servo unit is the control unit for the vehicle communicating with the deck unit via the tow cable.

Other fitted Chelsea instruments

The central hub of the oceanographic data data acquisition system is Minipack (a succesor to the Aquapack) and is mounted in the rear cargo hold area. Minipack can communicate to the user in RS232 or RS422 formats. The instrument also has built in sensors for CTD and fluorescence. Minipack can accept and merge data from up to 16 analog sensors, but cannot accept digital data formats (RS 232).

Optional Additional Chelsea instruments

· Glowtracka bioluminescence sensor

· APS Plankton sampler 

· UV Aquatracka fluorimeter for hydrocarbon

· UV Aquatracka fluorimeter for gelbstoff

Instrumentation from other companies

A variety of different sensors have been attached to Aquashuttle, some for short term experiments and some for regular survey use. The company is happy to advise on new applications. A GPS receiver that sits inside the deck box (as an additional computer card) can also be used as standard.

Instrumentation used to date

· Satlant SeaWifs sensors

· Seabird 43 Dissolved O2 and 18 pH sensors

· FMA impellor flow sensor

· Pitch and roll in servo unit

· Focal Technology OPC 

· Vorticity probe

· Altimeter Tritech and Kongsberg

3. Tow cables, winches and other logistical information.

Cables

As for other Chelsea towed bodies all cable is standardised to a Rochester design, which provides an outstanding weight and size to strength ratio. This low-cost armoured cable has a high strength galvanised sheath and is malleable and easily reparable. The cable is 8.2mm in diameter with 7 insulated conductors and occasionally 8 by careful use of the sheath armour for very loaded systems. For standard systems only 6 conductors are used that makes two available to operate other instrumentation. Power passes down the cable on a selected conductor, which is standardised in all systems. The cable has a safe working load of 20.6 kN and a breaking strength of 51.6 kN. Unfaired cable can be used to reach undulating depths down to 65m. To achieve undulations down to 120m fairing needs to be attached to the bottom 150m of the cable run. Flexnose fairing manufactured by Indal Fathom Fairing is provided as standard.

A typical system allowing deployment to 45m requires 500m of cable and a drum of ~0.67m diameter on the winch. The recommended minimum bend diameter for the cable is: 43cm for unsheathed cable and 91.4cm for sheathed cable; specially designed sheath assemblies to hang from ‘A’ frames are available to suit each of these cable types.

Winch

If suitable winches are not available on the tow ship Chelsea recommends purchase of one of four winches (two electric and two hydraulic) specifically designed for deployment of Aquashuttle by Lebus. One each of the electric and hydraulic winches is used with faired or non-faired cable. A full system can be purchased as a package from Chelsea or the winch separately from Lebus. A minimum 8 way slip ring set is included as standard with the winch and is likely to include a deck cable to the controller box.

4. Operational Software 

Different programs are used to control Aquashuttle and to collect oceanographic data. The oceanographic data output is user friendly and windows based. Software for vehicle control runs from a DOS window. Both were developed inhouse, are packaged for the towed body and display output on the screen of the deck-side PC. On a standard system it is possible to switch from the oceanographic data to the Aquashuttle control output on the PC. Control output gives, minimum depth, maximum depth and climb rate, actual depth, wing angle, alternator speed (power generation) and pitch and roll if fitted. The control parameters can be changed without interupting the oceanographic data output.

The inhouse software system used for Minipack has a scrolling screen that can request up to four parameters in real time with digital information presented as well on approximately 9 channels. At present there is a limit on the number of parameters that can be seen at one time. It is possible to display salinity and sound velocity that have been immediately calculated from the raw data as XY plots on the scrolling screen.

Display and interpretative facilities

To add details of computer display screen. Chelsea does not produce bespoke contour plotting programs. The Chelsea system provides data in comma separated variable (CSV) format, which can be easily input into standard packages such as MATLAB for processing and presentation.

5. Data Storage and processing
The data collection software stores configuration files and parameter data for later analysis in ASCII format.

Time needed for post-tow data handling

Chelsea does not get involved in post-tow data processing.

6. Maintenance and servicing schedules

Annual servicing

A yearly service is recommended, to include replacement of O rings and rotary seals. The servo unit can be easily removed and sent back separately. Cables need to be carefully looked after and monitored and should be washed down with freshwater when reeled in. Rochester provides useful advice on cable maintenance.

Major overhaul

It is suggested that the whole systems should be returned to Chelsea once every two years.

Backup facilities

Chelsea work with clients when possible in office hours and from home if necessary. A 24 hour hot-line is not provided.

Spares

Available at cost and as needed, but are not normally required for short projects. For longer cruises it may be wise to purchase a set of spares. Clients should liase with Chelsea to define their spares requirements.

7. Customer service and training

Customer service

Chelsea has a flexible approach to potential purchasers as a full package will be a large capital outlay. The purchase is handled personally and demonstrations given of what sensors can be installed and how they can be packaged.

Training

Overseeing the initial use of the equipment and provision of training is included in the price of the purchase. If the customers wishes to purchase without training the warranty is affected. It is normal for an engineer to accompany trials of Aquashuttle wherever in the world this may be. If winches are purchased Chelsea advises commissioning to be carried out with a Lebus engineer.

8. Person power needed to operate vehicles

Deployment

A winch operator, one person at the control panel and an additional person to launch and recover the vehicle is needed, using either a Hiab or a luffing A frame.

Technical support

Once deployed an oceanographer will be required to supervise the deck module occasionally checking that the system is operating correctly. On longer cruises technical support may also be required with electrical computing and mechanical skills as an insurance should the system break down.

9. Current costs for assembly of a total undulating system.

The company does not publish costs for complete systems, but is happy to negotiate a total package with a purchaser. A basic operating system that includes:

· The Aqushuttle vehicle

· A deck control unit

· Flight control software

but excludes:

· Instrumentation

· A winch

· Cables

· Fairing

· Sheaves

· Control PC

· Ship data acquisition, display and logging units

Price: £27,000 (suitable winches vary in price from £32,080 to £ 86860)

10. Contact details

Justin Dunning

Chelsea Technologies Group

55 Central Avenue, West Molesey

Surrey, KT8 2QZ, UK

Tel: +44 (0)20 8481 9000; Fax: +44 (0)20 8941 9319

http://www.chelsea.co.uk/
TUOR Profile 3

Company: Chelsea Technology Group

Nushuttle
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1. Product details of TUOR
In 1994, Chelsea together with Dr Jim Aiken, Plymouth Marine Laboratory, developed Nushuttle to respond to a need for a towed body with optimised undulation performance, a larger and more accessible payload area and greater versatility. The aim was to develop a machine that could be operated from research vessels and ships of opportunity. The vehicle can operate autonomously when towed by a non-conducting cable, because its undulation instructions can be pre-loaded into its built-in servo controller, which is powered by the vehicle’s impellor driven alternator. Alternatively and more typically, real-time flight control and data acquisition is achieved via a conducting cable and appropriate winch. Nushuttle has a large and uncluttered cargo bay of some 100 litres capacity which can hold approximately 70 kg to house instrumentation. Additional instruments may be attached on the outside. Chelsea provides the vehicle with the sensors needed to operate the electronics, to service included sensor packages and if selected the cable transmission system.

Deployment

If towed via a conducting cable a suitable winch (see below) should be used and connected to the deployed vehicle via a Hiab or equivalent davit with a rating of 2 tonnes to give an adequate safety margin or an ‘A’ frame. Ordinary winches or capstans can be used if towed by a non-conducting cable. Manhandling of the equipment at sea because of its weight is not recommended. The servo unit can be preprogrammed with an undulation pattern so that on deployment the vehicle is always under control in the water. This means that the system can be deployed from any suitable winch with a slip ring (A slip ring is not however, essential).

Weight

72 kg without sensors. Full sensor package up to an additional 70 kg.

Size

Length 1.3 m, height, 0.575 m, width 0.5 m

Construction

Replaceable polyethylene panels attached to a stainless steel frame. The top and bottom of the cargo bay protected by metal plates; when needed apertures can be cut into these plates for sensor access.

Performance in water

Rate of climb and descent up to 2 m per second.

Approximately one 80 m undulation over 900 m at 10 knots. 

Depth achievable

Nushuttle can operate between 0 to 80 m with 300 m of unfaired cable at 9.5 to 10 knot. Depths of ~160 m can be achieved with faired cable. The precise performance is governed by the speed of the towing vessel and the weight of the included instrumentation.

Towing speed

Tows from 5 to 15 knots.

2. Instrumentation

Operational sensors included as standard on the TUOR

The Nushuttle servo unit is the control unit for the vehicle and can operate autonomously powered by the impellor or can communicate with the deck unit via the tow cable.

Other fitted Chelsea instruments

The central hub of the oceanographic data data acquisition system is Minipack (a succesor to the Aquapack). Minipack can communicate to the user in RS232 or RS422 formats. The instrument also has built in sensors for CTD and fluorescence and can accept and merge data from up to 16 analog sensors, but cannot accept digital data formats (RS 232).

Optional Additional Chelsea instruments

· Glowtracka bioluminescence sensor

· APS Plankton sampler

· UV Aquatracka fluorimeter for hydrocarbon

· UV Aquatracka fluorimeter for gelbstoff

· Fasttracka Fast Repetition Rate Fluorimeter
· Alphatracka II (transmissometer)

· PAR sensor (Chelsea-PML)

Instrumentation from other companies

A variety of different sensors have been attached to Nushuttle, some for short-term experiments and some for regular survey use. The company is happy to advise on new applications. A GPS receiver that sits inside the deck box (as an additional computer card) can also be used as standard.

The following instrumentation from other companies has been used to date:

· Satlant SeaWifs sensors

· Seabird 25 CTD

· Seabird 43 Dissolved O2 and pH sensors 53 and 18 (need pump for both)

· FMA impellor flow sensor (used when plankton recorder and bioluminescence sensors attached)

· Pitch and roll in servo unit

· Focal Technology OPC

· Brook Ocean Technology LOPC

· Magnetometer SeaSpy

Nushuttle is not a sufficiently stable platform to operate sidescan, video cameras or acoustic transducers. The possibility of including a Videoplankton recorder has been examined but problems with the 2 inch diameter cable needed were experienced.

Ecoshuttle is the name given to a Nushuttle body which has a submersible pump attached that pumps water for analysis deckside up a tube attached to the tow cable. The system has been developed by Bob Chen & Barney Gardner of the University of Massachusetts. The original pump used was so noisy that it contaminated other collected data. It was modified and moved away from cable lines, which were also protected with looms and sheathing.

3. Tow cables, winches and other logistical information

Cables

As for other Chelsea towed bodies all cable is standardised to a Rochester design, which provides an outstanding weight and size to strength ratio. This low-cost armoured cable has a high strength galvanised sheath and is malleable and easily reparable. The cable is 8.2mm in diameter with 7 insulated conductors and occasionally 8 by careful use of the sheath armour for very loaded systems. For standard systems only 6 conductors are used that makes two available to operate other instrumentation. Power passes down the cable on a selected conductor, which is standardised in all systems. The cable has a safe working load of 20.6 kN and a breaking strength of 51.6 kN. To achieve undulations down to 160m fairing needs to be attached to the bottom 150m of the cable run. Flexnose fairing, manufactured by Indal Fathom Fairing, is provided as standard.

A typical system allowing deployment to 80m requires 350m of cable and a drum of ~0.67m diameter on the winch. The recommended minimum bend diameter for the cable is: 43cm for unsheathed cable and 91.4cm for sheathed cable; specially designed sheath assemblies to hang from ‘A’ frames are available to suit each of these cable types.

Winch

If suitable winches are not available on the tow ship Chelsea recommends purchase of one of three winches (two electric and one hydraulic) specifically designed for deployment of Nushuttle by Lebus. A full system can be purchased as a package from Chelsea or the winch separately from Lebus. A minimum 8 way slip ring set is included as standard with the winch and is likely to include a deck cable to the controller box.

4. Operational Software 

Different programs are used to control Nushuttle and to collect oceanographic data. The oceanographic data output is user friendly and windows based. Software for vehicle control runs from a DOS window. Both were developed inhouse, are packaged for the towed body and display output on the screen of the deck-side PC. On a standard system it is possible to switch from the oceanographic data to the Nushuttle control output on the PC. Control output gives, minimum depth, maximum depth and climb rate, actual depth, wing angle, alternator speed (power generation) and pitch and roll if fitted. The control parameters can be changed without interupting the oceanographic data output.

The current system for Minipack has a scrolling screen; up to 4 parameters can be displayed in real time with digital information also included. For example, the system can display salinity and sound velocity that are immediately calculated from the raw data.

Display and interpretative facilities 

A user can monitor the performance of the tow vehicle graphically and as logged digital data for subsequent analysis. A wide range of performance parameters can be recorded and displayed on a six-panel screen window on a PC. If the display function is selected then real-time data acquisition and control is initiated and the display graphs are updated at regular short intervals.

Chelsea does not produce bespoke contour plotting programs. The Chelsea system provides data in comma separated variable (CSV) format, which can be input easily into standard packages such as MATLAB for processing and presentation.

5. Data Storage and processing

The data collection software stores configuration files and parameter data for later analysis in ASCII format.

Time needed for post-tow data handling

Chelsea does not get involved in post-tow data processing.

6. Maintenance and servicing schedules 

Annual servicing

A yearly service is recommended, to include replacement of O rings and rotary seals. The servo unit can be easily removed and sent back separately. Cables need to be carefully looked after and monitored and should be washed down with freshwater when reeled in. Rochester provides useful advice on cable maintenance.

Major overhaul

It is suggested that the whole systems should be returned to Chelsea once every two years.

Backup facilities

Chelsea work with clients when possible in office hours and from home if necessary. A 24 hour hot-line is not provided.

Spares

Available at cost and as needed, but are not normally required for short projects. For longer cruises it may be wise to purchase a set of spares. Clients should liase with Chelsea to define their spares requirements.

7. Customer service and training

Customer service

Chelsea has a flexible approach to potential purchasers as a full package will be a large capital outlay. The purchase is handled personally and demonstrations given of what sensors can be installed and how they can be packaged.

Training

Overseeing the initial use of the equipment and provision of training is included in the price of the purchase. If the customers wishes to purchase without training the warranty is affected. It is normal for an engineer to accompany trials of Aquashuttle wherever in the world this may be. If winches are purchased Chelsea advises commissioning to be carried out with a Lebus engineer.

8. Person power needed to operate vehicles.

Deployment

A winch operator, one person at the control panel and one or preferably two persons to launch and recover the vehicle is needed, using either a Hiab or a luffing A frame.

Technical support

Once deployed an oceanographer will be required to supervise the deck module occasionally checking that the system is operating correctly. On longer cruises technical support may also be required with electrical computing and mechanical skills as an insurance should the system break down.

9. Current costs for assembly of a total undulating system.

The company does not publish costs for complete systems, but is happy to negotiate a total package with a purchaser. 

A basic operating system that includes:

· The Nushuttle vehicle

· A deck control unit

· Flight control software

but excludes:

· Instrumentation

· A winch

· Cables

· Fairing

· Sheaves

· Control PC

· Ship data acquisition, display and logging units

Costs £20,000

Suitable winches vary in price from £27,725 to £ 88,580

10. Contact Details

Chelsea Technologies Group

55 Central Avenue, West Molesey

Surrey, KT8 2QZ, UK

Tel: +44 (0)20 8481 9000; Fax: +44 (0)20 8941 9319

http://www.chelsea.co.uk/
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Chelsea Technologies Group

Seasoar II
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1. Product details of TUOR
The first version of this vehicle (Mark I) was originally developed in the mid 1980s from a prototype designed by the former Institute of Oceanographic Sciences (IOS), Wormley (now part of the Southampton Oceanographic Centre, SOC). Modifications for Mark II included a redesign of the hydraulics system (which previously had to be drained after each cruise) to reduce maintenance. A standard system comprises the underwater winged vehicle, hydraulic unit, towing bridle, deck control unit and PC based ‘Sea Flight’ control software. Dive and climb forces are generated from a pair of solid external wings that are activated from a piston hydraulic unit with power generated from an impellor and control via a valve linked to the cable. Depth is determined by a pressure sensor. Capable of undulating from the surface down to 500 m the Seasoar is deployed from dedicated research or hydrographic vessels mostly for data collection in the open ocean. All data is transmitted to and from the vehicle via a conductive tow cable and interface unit to a PC, which is used for vehicle control, real time display and data storage. Chelsea also provides the vehicle with the sensors needed to operate the electronics and cable transmission system and to service included sensor packages.

A number of purchasers have customised their vehicles, such as the CSIRO in Australia who have replaced the standard wings with a pair of tapered wings to decrease the overall weight of the vehicle while maintaining and improving the undulation performance. EPSHOM in France have also modified the bridle and deck system. In parallel with the commercial system marketed by Chelsea, the SOC has continued development to produce a system, which is slightly larger and can achieve depths of up to 550m.

Deployment

Using a suitable winch (see below) Seasoar is normally deployed from a conducting cable that passes over an ‘A’ frame or a Hiab or equivalent davit. A slip ring is essential. To give an adequate safety margin, if a Hiab is used, a SWL rating of 2 tonnes is recommended. Manhandling of the equipment at sea, because of its weight, is not recommended. The system, operating on a standard PC, is driven using provided software. The preprogrammed profile can be overidden, from the deck unit via potentiometers. It is recommended that the vehicle should not be deployed above seastate 6.

Weight in air

150 kg without sensors. The instrumentation hold is capable of housing a sensor package of approximately an additional 100 kg.

Size

Length 1.5 m, height, 0.98 m, width 1.6 m

Construction

Stainless steel and fibre glass

Performance in water

Rate of climb and descent 3m per second (faired cable). 1m per second (unfaired cable), both dependent on the size of the payload. The vehicle undertakes approximately one 500 metre undulation over 3,700 metres at 9 knots. 

Depth achievable

Seasoar can operate between 0 to 500m using faired cable and depths of ~100m can be achieved with unfaired cable. The precise performance is governed by the speed of the towing vessel and the weight of the included instrumentation.

Towing speed

6.5 to 12 knots.

2. Instrumentation

Operational sensors included as standard on the TUOR

· Pressure Sensor (Pressure data for SeaSoar control can also be stripped from CTD data transmitted from a SeaBird 911)

Other fitted Chelsea instruments

· MiniPack CTD-F (as UK Navy and SOC)

Optional Additional Chelsea instruments

· Aquatracka III, Alphatracka II (Transmissometer)

· Fastracka (as SOC)

· UV Aquatracka Hydrocarbon (as UK Navy)

· UV Aquatracka Gelbstoffe (as UK Navy)

· Glowtracka Biolumnescence Sensor (as UK Navy)

· PAR Sensor CTG / PML

Instrumentation from other companies

· Seabird 911 or Neal Brown,

· DO from Seabird

· pH from Seabird

· Vorticity probe Oregon State University

3. Tow cables, winches and other logistical information

Cables

As for other Chelsea towed bodies all cable is standardised to a Rochester design, which provides an outstanding weight and size to strength ratio. This low-cost armoured cable has a high strength galvanised sheath and is malleable and easily reparable. The cable is 8.2 mm in diameter with 7 insulated conductors and occasionally 8 by careful use of the sheath armour for very loaded systems. For standard systems only 6 conductors are used that makes two available to operate other instrumentation. Power passes down the cable on a selected conductor, which is standardised in all systems. The cable has a safe working load of 20.6 kN tonnes and a breaking strength of 51.6 kN tonnes. To achieve depths down to 500 m the tow cable needs to be faired for 700 m of its 1000 m length, starting above the towed body. Flexnose fairing, manufactured by Indal Fathom Fairing, is provided as standard. In the past sections of fairing were fitted together with individual fasteners. Now the cable is sent to Canada for the fairing to be attached by the manufacturer and later returned to Chelsea. Kinks in the cable are not a problem if operators ensure that any internal torque is relaxed. The recommended minimum bend diameter for the cable is: 48.5 cm for unsheathed cable and 91.4 cm for sheathed cable; specially designed sheath assemblies to hang from ‘A’ frames are available to suit each of these cable types.

Winch

If suitable winches are not available on the tow ship Chelsea recommends purchase of either an electric or hydraulic winches with spooling for the fairing specifically designed for deployment of Seasoar by Lebus. A full system can be purchased as a package from Chelsea or the winch separately from Lebus. A minimum 8 way slip ring set is included as standard with the winch and is likely to include a deck cable to the controller box.

A large winch drum 3 m in diameter is needed to house the 1000 m of faired cable. The fairing lays flat as it passes over the sheath. Alignment of the shoe angle is important as is the straight alignment of the winch in relation to the stern 

4. Operational Software

A number of different software systems are used to operate Seasoar. Chelsea uses the Sea Flight’ flight control software developed by Oregon.State University in 1996. The system operated by SOC uses their own inhouse software. Different software systems are used to control the vehicle and for data collection. In consequence two personal computers are needed to display and store the incoming data, one for the flight recorder and one for the Minipack oceanographic data suite.

Sea Flight controls the flight profile via an interface unit. The software accepts pressure data from either a single channel serial input (dBar) or from an analogue input. The selected flight profile is defined by user input of the defining parameters and the software converts these values to an output that controls the wings to achieve the selected profile.

The inhouse software system used for Minipack has a scrolling graphical screen that can request the presentation of up to four parameters in real time together with digital information on up to 16 parameters. It is possible to display salinity and sound velocity that have been immediately calculated from the raw data as XY plots on the scrolling screen.

Display and interpretative facilities 
A user can monitor the performance of the tow vehicle graphically and as logged digital data for subsequent analysis. A wide range of performance parameters can be recorded and displayed on a six-panel screen window on a PC. If the display function is selected then real-time data acquisition and control is initiated and the display graphs are updated at regular short intervals.

Chelsea does not produce bespoke contour plotting programs. The Chelsea system provides data in comma separated variable (CSV) format, which can be input easily into standard packages such as MATLAB for processing and presentation.

5. Data Storage and processing

The data collection software stores configuration files and parameter data for later analysis in ASCII format.

Time needed for post-tow data handling

Chelsea does not get involved in post-tow data processing.

6. Maintenance and servicing schedules 

Annual servicing

A yearly service is recommended and the hydraulics of Seasoar need servicing after each 600 hours work. Cables need to be carefully looked after and monitored and should be washed down with freshwater when reeled in. Rochester provides useful advice on cable maintenance.

Major overhaul

It is suggested that the whole systems should be returned to Chelsea once every two years. If there is a problem with hydraulic items they can be easily removed and sent back separately to Chelsea.

Backup facilities

Chelsea work with clients when possible in office hours and from home if necessary. A 24 hour hot-line is not provided.

Spares

Standard spares are available at cost, but are not normally required for short projects. For longer cruises it may be wise to purchase a standard set of spares. A list of spares is available from Chelsea and varies in price from £30,250 for a new vehicle without the Hydraulic Unit to £673 for a vehicle spares kit.

7. Customer service and training

Customer service

Chelsea has a flexible approach to potential purchasers as a full package will be a large capital outlay. The purchase is handled personally and demonstrations given of what sensors can be installed and how they can be packaged.

Training

Overseeing the initial use of the equipment and provision of training is included in the price of the purchase. If the customers wishes to purchase without training the warranty is affected. It is normal for an engineer to accompany trials of Aquashuttle wherever in the world this may be. If winches are purchased Chelsea advises commissioning to be carried out with a Lebus engineer.

8. Person power needed to operate vehicles

Deployment

A winch operator and one person at the control panel with additional assistance on deck to launch and recover the vehicle is needed, using either a Hiab or a luffing A frame.

Technical support

Once deployed an oceanographer will be required to supervise the deck module occasionally checking that the system is operating correctly. On longer cruises technical support may also be required with electrical computing and mechanical skills as an insurance should the system break down.

9. Current costs for assembly of a total undulating system.

The company does not publish costs for complete systems, but is happy to negotiate a total package with a purchaser.

A basic operating system that includes:

· The Seasoar vehicle

· A deck control unit

· Flight control software

but excludes:

· Instrumentation

· A winch

· Cables

· Fairing

· Sheaves

· Control PC

· Ship data acquisition, display and logging units

£56,000

Suitable electric or hydraulic winches cost £103,680

10. Contact details

Chelsea Technologies Group

55 Central Avenue, West Molesey

Surrey, KT8 2QZ, UK

Tel: +44 (0)20 8481 9000; Fax: +44 (0)20 8941 9319

http://www.chelsea.co.uk/
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Companies: EIVA / Chelsea Technology Group

Scanfish II
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1. Product details of TUOR
This vehicle is a development of Scanfish I, a simple wing without moving parts that can be undulated by using a YoYo winch. The system comprises a Control PC with ScanFish System Software, a Deck unit (PowCom), the ScanFish II tow vehicle with controller and sensor package and a winch and tow cable. All data is transmitted to and from the vehicle via a conductive cable and interface unit to a PC for vehicle control, data storage and real time display of data. The ScanFish MK II is an active unit, which generates an up or down force via flaps in order to position the tow-fish in the water column. It is towed from a tow point placed in a cut in the centre line from the leading edge of the fish body. This tow point allows the cable to pivot ± 90° about a transverse axis just forward of the centre of lift providing maximum control while ensuring very good pitch stability resulting in a precise symmetrical saw tooth profile with good vertical resolution. This fine control makes the vehicle suitable for surveys that allow the operator to tow the vehicle close to the seabed. An altimeter, which comes as standard is mounted at the front of the vehicle to provide collision avoidance.

The original manufacturer of Scanfish I, GMI, was bought out by the Danish firm EIVA in ~2000 who now build the new model Scanfish II. The vehicle is marketed by EIVA in Scandinavia and elsewhere in the world by the UK company Chelsea Technologies Group. A wide range of sensors can be mounted internally in the wings or externally although the volume and weight of the payload in the wings is limited. An OPC can be fitted on top, but reduces the depth achievable and slows down the response time. The vehicle has low acoustic and magnetic signatures. 

Deployment

Using a suitable winch (see below) Scanfish is normally deployed from a conducting cable that passes over an ‘A’ frame or a Hiab or equivalent davit. A slip ring is essential. To give an adequate safety margin, if a Hiab is used, a SWL rating of 2 tonnes is recommended. Manhandling of the equipment at sea, because of its weight, is not recommended.

To give the control system feedback for the flap control ScanFish II is equipped with pitch and roll sensors together with servo actuators on the trailing edge flaps. The feedback from these sensors is used to actively control dive, climb and orientation ensuring that the fish always flies in a horizontal position - without roll - and that it can reorientate should it be ‘flipped’ up side down when lowered into the water during launch.

Weight

50 kg without sensors.

Size

Length 0.08m, Height, 0.14m, Width 1.6m.

Construction

The wing is of a standard NACA form and has a monocoque chassis built of fibre glass polyester (GFP) and syntactic foam.

Performance in water

Rate of climb and descent 0.1 to 1 m per second, maximum 2 m per second (programmable). The vehicle is very stable in both vertical and lateral planes, robust and lightweight. A major advantage of Scanfish is its fast reaction response to control instructions and its ability to get very close to the bottom.
Depth achievable

Can operate from the surface down to 100 to 150 m and possibly down to 200 m using unfaired Rochester cable of a set length. This performance can be extended from 0 to 400 m with the addition of a computer controlled winch.

Towing speed

Can be deployed at speeds from 2 to10 knots.
2. Instrumentation

Operational sensors included as standard on the TUOR

· Controller Unit

· Altimeter

· Servo actuators on trailing edge flaps

· Includes in-house bottom avoidance system

Other fitted EIVA/Chelsea instruments

· EIVA Turbidity sensor TU150 IR?

· EIVA Dissolved oxygen sensor :CT & optionally pressure?

· EIVA Ph?

· EIVA PAR?

· EIVA fluorescence?

· Minipack

· Dissolved Oxygen sensor

· Ph sensor

· Aquatracker III

Optional Additional Chelsea instruments

N/A

Instrumentation from other companies

The following instruments have been integrated with the Chelsea operating system on various towed bodies to date.

· FSI CTD

· Seabird 911 

· Seabird 43

· Focal OPC (possibly)

Pumped water sampler

An ancillary pumped system that uses a submersible pump and a composite tube and cable to pass water up from the Scanfish has been developed in Germany. Using this approach water samples can be taken deck-side that can be related to the undulating results. Precise time splicing of the water samples and TUOR results may be difficult however, due to the time delay involved in the flow of the water to the surface. The necessary modifications were implemented by Siegfried Kruger of the Warnemunde IOW laboratory.

Global Positioning System

A GPS receiver that sits inside the deck box (as an additional computer card) can be integrated as standard to the Scanfish operational system.

3. Tow cables, winches and other logistical information.

Cables

ScanFish MK II is typically towed using multicore, conducting cables 6-12 mm diameter or single coax cable. As for other Chelsea towed bodies all cable is standardised to a Rochester design, which provides an outstanding weight and size to strength ratio. This low-cost armoured cable has a high strength galvanised sheath and is malleable and easily reparable. The cable is 8.2 mm in diameter with 7 insulated conductors and occasionally 8 by careful use of the sheath armour for very loaded systems. For standard systems only 6 conductors are used that makes two available to operate other instrumentation. Power passes down the cable on a selected conductor, which is standardised in all systems. The cable has a safe working load of 20.6 kN and a breaking strength of 51.6 kN.

During most operations the tow cable will be lightly loaded. Only when the fish is required to pull downwards forcibly will the cable be correspondingly loaded. In typical undulation mode this will be less than 5% of the mission time. When the fish is near surface the tow cable will be fairly slack, and even violent heaving and pitching motions of the towing vessel will have negligible influence on the flight of the ScanFish.

Winch

A Svenborg YoYo winch is needed to undulate Scanfish II. A full system can be purchased as a package from Chelsea or the winch separately from Svenborg. A minimum 8 way slip ring set is included as standard with the winch and is likely to include a deck cable to the controller box.

4. Operational Software

A deck control system using a PC and software that was originally developed by GTI is used to pilot the vehicle. The Software is DOS based, but can be run on a Window’s system within a DOS Window. The ‘Deck Termination Box’ is used as a signal divider. Power to and communication to/from the vehicle and sensor payload is provided by the Powcom unit. It requires a 110/220VAC, 50Hz supply.

6. Maintenance and servicing schedules 

Annual servicing

A yearly service is recommended, to include replacement of O rings and rotary seals. The Scanfish Controller unit can be easily removed and sent back separately. Cables need to be carefully looked after and monitored and should be washed down with freshwater when reeled in. Rochester provides useful advice on cable maintenance.

Major overhaul

It is suggested that the whole systems should be returned to Chelsea once every two years.

Backup facilities

Chelsea work with clients when possible in office hours and from home if necessary. A 24 hour hot-line is not provided.

Spares

Spares and Spares Kits are available on request.

7. Customer service and training

Customer service

Chelsea has a flexible approach to potential purchasers as a full package will be a large capital outlay. The purchase is handled personally and demonstrations given of what sensors can be installed and how they can be packaged.

Training

Overseeing the initial use of the equipment and provision of training is included in the price of the purchase. If the customers wishes to purchase without training the warranty is affected. It is normal for an engineer to accompany trials of Scanfish II wherever in the world this may be. If winches are purchased, EIVA/Chelsea advises commissioning to be carried out with a Svenborg engineer.

8. Person power needed to operate vehicles

Deployment

A winch operator, one person at the control panel and one person to launch and recover the vehicle is needed, using either a Hiab or a luffing A frame.

Technical support

Once deployed an oceanographer will be required to supervise the deck module occasionally checking that the system is operating correctly. On longer cruises technical support may also be required with electrical computing and mechanical skills as an insurance should the system break down.

Time needed for post-tow data handling

Chelsea does not get involved in post-tow data processing.

9. Current costs for assembly of a total undulating system.

A basic operating system that includes:

· The Scanfish vehicle

· A deck control unit

· Flight control software

but excludes:

· Instrumentation

· A winch

· Cables

· Fairing

· Sheaves

· Control PC

· Ship data acquisition, display and logging units

Costs £56,000

A winch costs £48,215
10. Contact details

Chelsea Technologies Group

55 Central Avenue, West Molesey

Surrey, KT8 2QZ, UK

Tel: +44 (0)20 8481 9000; Fax: +44 (0)20 8941 9319

http://www.chelsea.co.uk/
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Triaxus & Focus

[image: image9.png]


1. Product details of TUOR
Two systems based on the same body are manufactured by MacArtney: 1. Triaxus which undulates and 2. Focus which operates in stable level flight and is thus suitable for attachment of sidescan sonar or other gear as a survey platform. Adding a new dimension to towed vehicles, the vehicle is the natural step forward from existing 2D towed vehicle technology to a true 3D towfish. The Triaxus uses state of the art computer technology and fibre optic telemetry for vehicle and sensor communication. Flaps for vertical as well as lateral control enable the towed body to move (80 to 100 m) from side to side of the ship’s track as a special feature. MacCartney provides the vehicle with the sensors needed to operate the electronics and to service sensor packages from other companies that may be attached, as well as the cable transmission system. Large hatches provide easy access to instrumentation in the payload areas of the vehicle. A ‘Plug and Play’ facility allows for easy connection of instrumentation to the control unit.
Deployment

Normally undertaken with an overside crane (cherry picker) or an ‘A’ frame. If neither of these options is possible the system can be thrown over the side through a gate. Winch recovery is undertaken as far as feasible and then the vehicle is manhandled using the handles on the tow body.

Weight in air

120 kg without sensors. Full sensor package an additional 40 kg.

Size

120 x 120 x 160 cm

Construction

Composed of Syntatic foam and Carbon fibre. The Triaxus has been designed using the latest carbon fibre moulding technologies and The Danish Maritime Institute (DMI) has supplied the hydrodynamic design.

Performance in water

Rate of climb and descent 1m per second.

Depth achievable

1 to 400 m

Towing speed

Tows from 1 to 10 knots. Not tried at speeds above this as likely to become unstable.

2. Instrumentation

Operational sensors included as standard on the TUOR

· Altimeters (two): one pointing vertically down and the other forward at an angle of 45°. This prevents accidents when the system is in a steep dive.

· Fluxgate compass

· Depth sensor

· Pitch and roll sensor

· Fibre optic rate gyro

· All are manufactured independently of MacArtney as is any other data gathering instrumentation that may be carried by the TUOR.

Other fitted MacArtney instruments

None

Optional Additional MacArtney instruments

None

Instrumentation from other companies

MacArtney can provide sensors for customers if requested as the company has agreements with a number of suppliers e.g.:

· CTD

· Fluorometers

· OPC.

· Packaged systems can be provided in consultation with purchasers.

Instrumentation from other companies used to date

· OPC Focal

· LOPC Brooke Ocean

· Valeport complete range of sensors.

· Seabird CTD

· Applied microsystems SVP

· Fluorometers (manufacturer N/A)

Possibility of cameras and videos on the Focus system, but not of much value on Triaxus due to the depth covered in a one second interval. Used successfully on Focus in the mouth of a trawl to investigate fish avoidance behaviour.

3. Tow cables, winches and other logistical information.

Cables
A cable manufactured by Rochester is specifically designed for Triaxus and Focus. It is 10 mm in diameter with a two layer galvanised steel armour enclosing two single mode optical fibres and two power conductors. This embedded telemetry system is based on the successful NEXUS fibre optic multiplexer system, allowing interface of up to 9 additional sensor packages using the Plug and Play principle. The two 1.375 gigabyte single mode optical fibres provide the up and down data transmission system. Power supply to service the instrumentation passes down the conducting cables. The cable has a safe working load of ~2 tonnes and a breaking strength of 8 tonnes and does not need fairing. A standard system allowing deployment to 400 m comprises 2000 m of cable in 8 to 9 layers on a winch drum (diameter unknown).
The tow cable is fitted with a stress termination and underwater mateable connectors to let the cable ‘break’ in a controlled manner in case of an accident so that the cable is not destroyed. The fibre optics are connected to an electrical termination in a ‘bottle’ at the end of the cable. From there a metal connection passes into the vehicle. If the vehicle separates from the cable a weak link, push plug system pulls apart. The vehicle, which is slightly positively buoyant, floats to the surface for recovery. Optional acoustically triggered strobes and/or acoustic pingers can be attached to the tow body to aid recovery. After recovery the weak links are replaced and the system is ready for deployment again.

Winch

A Cormac 1000 electro hydraulic winch system specifically designed for Triaxus and Focus by Focal Technologies, with both electric and optical passes, stores, reels and unreels the cable. The winch is manually controlled, but remote (PC) controlled winch systems are also available. A winch slip ring and deck cable connects the system to the top-side control panel.

4. Operational Software 

An inhouse windows based system that is flexible and user friendly has been developed for the operation of the vehicles. The software can catalogue displays in many ways. It provides an artificial horizon like a flight simulator, a compass rose to give the heading of the vehicle and the towing vessel as well as a graphical display on the trajectory followed against the seabed via a link to the ship’s echosounder. All control services are displayed e.g. amount of cable out and cable line speed. Data rates can be monitored on the screen and sensors can be switched on or off remotely.

None of the non-MacArtney vehicle instrumentation is displayed on the standard Triaxus control panel. Such additional instrumentation requires its own top-side link and there are no plotting routines to display this information.

Display and interpretative facilities

A powerful industrial PC controls the vehicle based on inputs from the onboard vehicle control sensors according to a pre-programmed flight path. Feedback to the user is viewed on line on a monitor through a horizontal waterfall display showing computed data of the integrated vehicle control sensors.
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None of the non-MacArtney vehicle instrumentation is displayed on the standard Triaxus control panel. Such additional instrumentation requires its own top-side link and there are no plotting routines to display this information.

5. Data storage and processing

On-line export of the vehicle control data to other data base systems is possible through comma separated ASCII files.

Time needed for post-tow data handling

MacArtney does not get involved in post-tow data processing.

6. Maintenance and servicing schedules 

The vehicle system is designed for low maintenance. The only moving parts are the five stepper motors that are the drivers for the various flaps. They are oil filled, individually pressure compensated and extremely reliable. Any problems with their operation will be evident in the performance of the flaps in the screen output. If there is a problem the motors can be easily changed via a plug-in system.

Annual servicing
There is no need for the vehicle to be returned to MacArtney unless it is severely damaged. Repairs are made at cost and engineers will attend in the field if necessary.

Major overhaul

See above.

Backup facilities

A 24 hour hot line on +45 76132000 is provided.

Spares

It is recommended that a spare stepper motor be carried during each deployment as a backup. A number of spares should also be carried for the weak links that connect the cable to the tow point at the nose of the vehicle. If the vehicle hits anything these fail and the vehicle rises to the surface as it is positively buoyant.

7. Customer service and training

Customer service

The MacArtney Group offers service from 8 key locations worldwide.

Training

Training is provided as part of a package involving, factory acceptance testing and sea acceptance trials. Staff from MacArtney as ‘pilots’ will accompany trials on the customer’s vessel anywhere in the world and will provide sea training for one week.

8. Person power needed to operate vehicles. 

Deployment

One person is needed at the controls and two persons for the physical handling of the vehicle. If the system is dragged to drop over the side more people are needed. Once in the water the system works by itself. Usually the parking depth is set to ~5 m and the system will perform pre-profiled undulations. If anything goes wrong or communication is lost with the surface, battery power takes over and the vehicle returns to the parking depth.

Technical support

One qualified technician per shift is recommended. The technician(s) who participate in field deployments should have electrical, fibre optic and mechanical skills.

Time needed for post-tow data handling

Information not available. It will depend on the instrumentation deployed and is unlikely to be different to what the customer normally experiences.

9. Current costs for assembly of a total undulating system.

For a package that includes the vehicle and its essential sensors, 2000 m of cable, tow-side controls, winch and fibre optic slipring, deck cable and Triaxus software:

~£250,000

10. Contact details.

David Buchan

MacArtney UK Limited

Howemoss Drive

Kirkhill Industrial Estate

Dyce

Aberdeen AB 21 0GL

Tel: +44 1224 358500; Fax: +44 1224 358510

Email: mac-uk@macartney.com
http://www.macartney.com/
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Company: Guildline

Batfish
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1. Product details of TUOR

No details were provided by the company on this TUOR. Originally designed and built by Bedford Institute of Oceanography, Canada it was one of the first deep ocean towed bodies to be deployed. The technology is now out of date. A literature search has only come up with a few references that cite work undertaken with the vehicle and we have not been able to find a scientific description in the time available to us. This situation is typical for many of the early vehicles: the designers are good engineers, but give a low priority to describing their creations. To the best knowledge of a Guildline representative only two units have been manufactured worldwide. It is a product for which they have only occasionally received orders and the instrument is not catalogued currently on their web site.

No other details could be obtained on this TUOR within the time of this study.

TUOR Profile 8

Company: Guildline

MiniBAT
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1. Product details of TUOR
Designed as a lightweight and compact TUOR for use with a wide variety of data collection instruments MiniBAT has proved to be a flexible profiling system with a high degree of depth control for use in lakes, rivers, estuaries and coastal waters. The vehicle consists of a dive plane (the wing), a metal frame in which instrumentation is mounted and a stabilising fin assembly. It can be operated in both self-logging or remote controlled formats, depending on the instrumentation that is attached. A complete system consists of the tow body, tow bar, onboard control electronics, on board pressure sensor, adjustable wings, graphical interface software, a control box and a 7-conductor cable. Using Windows based software on a lap top computer and a control box for automated or manual operations operation of MiniBAT is made easy. The control box also provides an emergency override capability. Normal operation requires a 120/240 VAC supply. Alternatively the system can be deployed using a 12 volt marine battery and an AC invertor. This feature expands the scope of usefulness to small outboard power boats.

The following websites outline an evaluation and test of MiniBAT by the US Marine Corps:

http://www.wes.army.mil/el/elpubs/pdf/wqtnam06.pdf

http://www.wes.army.mil/el/elpubs/pdf/trel01-8.pdf
Deployment

Because of its size and light weight the vehicle is easily deployed from small power boats (5 to10 m). Sufficient deck space for proper handling of the cable is required. Kevlar cable is strong, but can be damaged if twisted or kinked while supporting the load of the vehicle. Because of its light weight the instrumentation package carried strongly influences the performance of the TUOR. Trials with a given payload are recommended to optimise performance by adjusting the positions of all control surfaces, including the main dive plane and the angle of the stabilising fins.

Weight 

Air Weight (unloaded) 7 kg.

Size

Length 75 cm, Total Width 70 cm, Body Width 13 cm.

Construction

Manufactured from stainless steel, PVC and Delrin.

Performance in water

The type of tow-boat, choice of payload package and its configuration and type and length of cable all effect performance. In normal operation the vehicle has high depth accuracy (<1 m) and stability with clean undulations that have a steeper angle during the dive than on the ascent. At higher tow speeds the vehicle has less stability.

Depth achievable

The standard depth capability is 60 m. Custom designs for greater depths and specialised instrumentation are available on request from the manufacturer.

Towing speed

The vehicle can be towed at speeds in the range of 1 to 10 knots using boats 5 to 10 m long. (Actual towing speeds should be matched to the sensors onboard). Normal towing speeds for most field surveys are in the range of 3 to 4 knots. Cable tension at these speeds is generally less than 90 kg but is dependent on the onboard load, configuration, depth of operation, amount of tow cable paid out and type of tow cable used.

2. Instrumentation

The vehicle is capable of carrying a wide range of instrumentation with flexible mounting in the body frame. There is a limit to the size and weight of the payload as heavier instrument packages can lead to reduced stability, although no information was found on the recommended limit.

Operational sensors included as standard on the TUOR

Central to the system is a remotely controlled servo-motor that varies the angle of the dive plane. A bottom avoidance system is included as standard.

Optional Additional Guildline instruments

N/A

Instrumentation from other companies

· YSI 6600 multiparameter probe

· AML Smart CD

· AML STD 12 Plus

· AML pH probe

· ESI Micro 3 CTD

· Hydrolab CTD

· SeaBird SB 49 CTD

· Sea Bird SBE 19 CTD

· Idronaut CTD

· Sea Tech Fluorimeter

· Sea Tech Transmissometer

· Applied Microsystems Smart CTD

· WetLabs chlorophyll fluorimeter

· D&A OBS turbidity sensor

· YSI Dissolved Oxygen sensor

· Focal Mini Optical Plankton Counter

· Dukane Pinger

· PAR?

3. Tow cables, winches and other logistical information.

Cables

An 8 mm diameter Kevlar cable, with a polyester haired fairing jacket that includes a 7-conductor Y-cable (Data Format: NMEA 0183 I/O RS-232, 4800 baud) with a wet termination and surface slip-ring is used to tow the vehicle. One branch of the Y-cable controls the MiniBAT leaving 4 conductors for other instrumentation. A 150m cable is employed as standard for shallow applications, but is also available in a variety of custom lengths. The choice depends on the maximum depth desired during deployment. The manufacturer of the cable is unknown. Connecting cables between the control box, power supply and tow cable complete the system.

Winch

A winch is not essential to operate the system, but a small hand or other winch of sufficient size to support ~150 m of cable is recommended. A hand or battery driven winch with an 8 conductor slip ring can be purchased for applications requiring the deployment of more than a short length of cable.

4. Operational Software 

Flexible and user friendly in-house control software (In-Tow v.1.2 ) uses a Microsoft Windows 95 operating system. It is designed as a simple control software for display on a lap top computer of the depth profile, position, wing angle, time and date speed of tow, seabed distance, undulating pattern, manual or automatic mode of flight, all on one, easy to read screen. The software is only provided under license and on purchase of a towed body. The user is able to undulate the system over a desired depth range, maintain a constant depth, or maintain a given elevation above the bottom. An integrated GPS (global positioning system) allows sampling positions to be logged in real time. Ancillary software systems are needed to control and recover data from instrumentation carried onboard.

Guildline will pre-install the software if a computer is purchased as part of a package. Integrated systems may be comprised of existing instrumentation along with new hardware from Guildline or a wide range of other manufacturers. The company is happy to provide advice on the best way to integrate a complete system from the many choices available. Their engineering department is able to put together a complete tow body and package of instruments from different manufacturers.

Display and interpretative facilities
The position of the TUOR is displayed graphically on a PC screen with respect to the bottom and this information is logged along with latitude, longitude, boat speed, wing angle, time and date. The computer display includes control ‘buttons’ for real-time adjustment of vertical position or the automated parameters. Simple menus provide for file naming, automatic control, and display parameters. No plotting or display facilities are available for results from carried instrumentation.

5. Data Storage and processing
The system can generate a large quantity of multi-parameter data, and because it is possible to repeat a survey several times during one day, careful management of data sets is essential. Every precaution must be taken to ensure that collected data are entered into a data management system immediately following the completion of surveys.

Geographic position, bottom depth, depth of towed platform, and time/and date are contained in a file created by the software supplied by the towed platform manufacturer. These data can be used to create plots for display of the tow history or exported to a database for further analysis. However, there is intentional error in the position data, which must be corrected through post-processing. The process is relatively simple and consists of downloading the position data for a fixed ‘community base station’ and then subtracting out the variance for the community base station. Post-processing the data in this manner ensures increased position accuracy.
Time needed for post-tow data handling

Post-deployment data processing can be done by one person and typically takes 1 to 2 days, depending mostly on the external sensor package used and the format of data that is produced.

6. Maintenance and servicing schedules 

Annual servicing

No servicing schedules are required with the MiniBAT. Only routine maintenance is recommended (essentially oiling/greasing of o-rings and junctions or moving parts.

Major overhaul

Careful deployment and storage will ensure long-term use without service/repair. Information on backup facilities, spares and their costs were not available.

7. Customer service and training

Customer service

N/A

Training

Training/installation can be provided, usually at cost. There is no set rate or price for the training. Quotations, are based on the location, integration required, number of people present, time spent, etc.

8. Person power needed to operate vehicles

Deployment

Two persons are sufficient to launch the MiniBat. Once in the water, one person needs to remain on deck to monitor the winch and cable and the other for undulation control from the PC platform.

Technical support

N/A

9. Current costs for assembly of a total undulating system.

Standard MiniBat £14 921

Manual winch ~£6,000

Electrical winch ~£15,000

150 m of Kevlar cable ~£3,000.

Any other costs associated with the fitting and integration of external sensors depends on customer requests or provision of instruments and the time and equipment needed to test the operation of the combined MiniBAT and instrumentation package.

10. Contact details

Guildline Instruments Limited

21 Gilroy Street

Smiths Falls, Ontario

Canada K7A 4S9

Tel: (613) 283-3000; Fax: (613) 283-6082

E-mail: sales@guildline.ca
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1. Product details of TUOR

U-Tow is an undulating or fixed depth, towed vehicle that has space in its hold for a large payload of oceanographic sensors, analysers and samplers. The company can supply the vehicle as a basic system to be equipped with user supplied instrumentation or as a complete integrated package tailored for a particular application. The system was originally designed in collaboration with the Sir Alister Hardy Foundation, by Valeport Ltd and subsequently WS Oceans. The present vehicle, further developed by WS Oceans Systems Ltd, is a substantial improvement on the original design. In 2002 WS Oceans went into liquidation and EnviroTech LLC purchased the rights to U-tow and its associated Aqua Monitor sampling system. The vehicle has been extensively field tested by SAHFOS and other researchers, is rugged and has a user-friendly and easy to operate Windows front-end. This vehicle has normally been used in real time mode with power transmitted down a cable. An alternator has been designed and performance tested and should produce sufficient power at speeds above 12 knots for autonomous deployment.

Deployment

U-tow is a heavy and bulky package that is not easy to manhandle and is best moved with the aid of lifting equipment. The total package consists of the U-tow body, instrumentation, tow cable, deck cable, interface unit and control computer If towed by a conducting or non-conducting cable a normal ship’s winch or capstan can be used. However, installation of a conducting cable on winches of this type is a slow process and requires much care to ensure that kinks are not formed. Where possible a separate winch designed for conducting cable deployment with a slip ring should be used. Fitting a conducting cable onto U-tow is straightforward. Connecting and setting up the interface and computer takes about an hour. Pre-deployment preparations are important if the vehicle needs to be launched immediately on leaving port and the only winch available is the mooring winch. Over the side deployment should be via a Hiab or equivalent davit with a rating of 2 tonnes to give an adequate safety margin or an ‘A’ frame.

Weight 

In air: 100 kg without instrumentation. Weight of instruments dependent upon configuration.

Size

Length 1200 mm, Width overall 840 mm and for the main body 460 mm, Height overall 490 mm and of the main body 230 mm.

Construction

The vehicle body is constructed of stainless steel with polypropylene side walls. Ballasted side cheeks in the nose section, a heavy-duty stainless steel lower chute and a 3 mm stainless steel detachable nose fairing provide important hydrodynamic stability and protection from impact damage. The upper surface has a quick release hatch cover for easy access to the instrument hold. Side mounted elevators are moulded in GRP around a steel skeleton and are adjustable for level tow at the required fixed depth or optionally auto-adjusted via the servo controller for undulating operation. A robust stainless steel hinged towing bridle connects to either a steel or telemetry tow cable depending on system configuration. Customised input ducts and cut-outs provide flow intake to onboard sensors.

Performance in water

The rate of change with depth can be varied from the controller. The maximum is 1 m per second and the minimum 1m per minute.

Depth achievable

Depends on tow speed cable type, length of cable, whether cable faired or not, and instrumentation payload. The maximum depth achievable is ~120m.

Unfaired cable:

· 25 m at 20 knots

· 32 m at 16 knots achieved in the North Sea

· 40 m at 15 knots (in company documents)

· Depths with faired cable estimated at 100 to 120 m

Depth control for level flight is achieved by a combination of the following:

· Elevator angle

· Bridle position

· Ballast weight

· Cable length

· Tow speed

Depth control for autonomous or real time undulation is achieved by setting the following on the control panel of the computer:

· Dive rate

· Climb rate

· Minimum depth

· Maximum depth

· Duration at maximum depth

Once these features have been set and the vehicle deployed four buttons control undulation:

· Start undulation

· Go to park depth

· Pause undulation

· Emergency rise

Towing speed

From 4 knots to a purported maximum of 20 knots.

2. Instrumentation

Operational instruments included as standard on the TUOR

· Servo unit?

· Marine Monitor: This is a smart logger/controller with:

· Multiple serial ports

· RS232/485

· Up to 32 channels of analogue data acquisition at 20 Hz, 16 bit resolution multi-channel power control.

· Alternator

Other fitted EnviroTech instruments

N/A

Optional Additional Enviro Tech instruments

· Aqua Monitor: Whole water & microplankton sampler

· Conductivity

· Temperature

· Pressure

· Flow

· Turbidity

· Fluorescence

· Ph

· Dissolved Oxygen

· Pitch and Roll

· Altitude

Instrumentation from other companies

· OPC?

· FRRF?

· Sensors provided by customers can be fitted with or without control and data acquisition via the Ocean Windows software system.

3. Tow cables, winches and other logistical information.

Cables

An armoured cable with a tow hitch and connector flylead is needed for real-time control and data storage from and to a deck control computer. The standard cable used has a breaking strain of 4.2 tonnes and a diameter of 8.2 mm. The length of cable used is dependent on the chosen maximum depth of deployment. Manufacturer N/A.

Winch

N/A

4. Operational Software 

The Ocean Windows software designed for the vehicle has a sophisticated data acquisition system that allows up to 32 analogue sensors and 8 serial devices to be logged. It includes the following features: communication procedures, system set-up and control, GPS data input and integration, real-time displays, data logging, processing and archiving functions. Data acquisition is user programmable up to 50 Hz.

5. Data Storage and processing

N/A

Time needed for post-tow data handling

N/A

6. Maintenance and servicing schedules

Annual servicing

N/A

Major overhaul

N/A

Backup facilities

N/A

Spares

N/A

7. Customer service and training

Customer service

N/A

Training

Installation training and at-sea commissioning are provided as standard after the purchase of a system. This service is included in the cost of purchase as the company recognises that a fully integrated system is a substantial investment.

8. Person power needed to operate vehicles

Deployment

N/A

Technical support

N/A

Time needed for post-tow data handling

N/A

9. Current costs for assembly of a total undulating system.

The company does not publish costs for complete systems, but is happy to negotiate a total package with a purchaser. A basic operating system that includes:

· The U-tow vehicle

· Cable

Costs £23,570
An instrumentation package to include:

· ESM-1 Plus Programming and data acquisition controller

· Oceanographic sensors (via ESM-1 Plus) for the Measurement of PAR, Turbidity, chlorophyll-a

· Plankton Sampling Mechanism PSM-Standard zooplankton sampler and Ocean Windows Software

Costs £28,800
but excludes:

· A winch (price N/A)

· Fairing

· Sheaves

10. Contact details

Mike Sawkins (UK agent)

Eco-Sense Ltd

Charwell House

Wilsom Road

Alton, GU34 2PP, UK
Tel: + 44 (0) 1420 540 222

Fax: + 44 (0) 1420 540 223

mike@eco-sense.uk.com

http://www.eco-sense.co.uk/contact2.htm

EnviroTech LLC

1517 Technology Drive

Suite 101 Chesapeake

VA, 23320, USA

Tel: 757 549 8474 

Fax: 757 382 5012 

Email: info@n-virotech.com
http://www.n-virotech.com/
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Big-Toe/Little-Toe

1. Product details of TUOR
TUOR systems are offered as part of Spartel’s product line, but to date, they have not supplied any. The company has extensive past experience in TUOR development at Plymouth Marine Laboratory and use in research programmes. Similar instrumented towed plankton samplers, but not TUORs, are also supplied by the company. A track record in marketing and support for towed plankton samplers with instrument packages exists back to 1989, these all still fully operational and in regular use. The main business focus is in the supply and support of plankton/oceanographic instruments that are manufactured to the specific requirements of customers. In this respect, the company wish to be considered in this evaluation and would plan to develop and build a TUOR in a short time frame (6 months for a minimal system as costed below) to fulfil the criteria selected by BCLME. The company accept that the supply of a TUOR would involve a certain amount of development of both the vehicle and software and would thus be subject to a degree of uncertainty.

Spartel have a fully equipped engineering workshop and employ ex PML and CEFAS (Lowestoft) staff as electronics and engineering technicians and consultants. The company works closely with Valeport Ltd to modify their electronics packages for use in towed vehicles.

Deployment

Overside (preferable) via crane or davit, or stern A frame.

Weight

80 kg, depending on payload.

Size

1.0 x 0.4 x 0.5 m, depending on payload.

Construction

Stainless steel frame with PVC body panels.

Performance in water

0.5-5 km undulation wavelength

Depth achievable

0-60 m

Towing speed

6-12 knots

2. Instrumentation

Operational sensors included as standard on the TUOR

· Servo: Chelsea

· Alternator: PML/Chelsea design

Other fitted Spartel instruments

Plankton Sampling Mechanism (PSM).

Optional Additional Spartel instruments

None

Additional instrumentation from other companies

· Valeport CTD and data logger

· Fluorimeter: Chelsea Minitracka or self-contained Chelsea FRRF

· PSM: Valeport (ex Spartel) system with optional Electromagnetic flowmeter

· OPC: could be fitted external to the body, but unresolved problems of data handling/ storage. Currently not a realistic option except as a stand-alone unit.

Instrumentation used to date

N/A

3. Tow cables, winches and other logistical information

Cables

250 m of 8/10 mm non-rotating steel cable for self-contained data logging, standard Rochester cored cable for real-time use.

Winch

Not supported.

4. Operational Software 

· Servo function by Chelsea Aquasoft.

· Sensor data display based on Valeport DataLog 400.

· Surfer or similar user supplied package for contour plots.

5. Data Storage and processing

N/A

Time needed for post-tow data handling

N/A

6. Maintenance and servicing schedules

Annual servicing

Annual service of around 3 days recommended

Major overhaul

None required

Backup facilities

Most replacement parts available ex. stock or to short order manufacture.

Spares

No essential requirements, other than limited service kit (O-rings etc.), which is supplied with the system. 

7. Customer service and training

Customer service

24 hr on call availability.

Training

Provided as part of the acceptance trials and additionally as required.

8. Person power needed to operate vehicles

Deployment

1 technician in addition to winch/crane operator(s).

Technical support

Full support as required.

Time needed for post-tow data handling

Typically, 1 hour per tow for summary plots.

9. Current costs for assembly of a total undulating system

A standard TUOR system with a CTD, PSM and fluorimeter would cost:

~£50,000

Winch, if needed, would be additional.

10. Contact details

Steve Coombs

Spartel

Email: shc@spartel.u-net.com
Bridge House

Gara Bridge

Totnes, Devon, TQ9 7JT, UK

Phone/Fax: +44 (0)1548 821 362
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Acrobat

1. Product details of TUOR
The AcrobatTM model LTV-50X is a very light, computer controlled vehicle designed to be towed behind small, powered boats operating in shallow water. The AcrobatTM is capable of carrying a large variety of research instruments providing real-time data to a computer on the boat. Instruments such as optical plankton counters, many types of CTDs, fluorometers, transmissometers, and other sensors are easy candidates for the AcrobatTM. The Command and Power distribution normally comes as individual items in the basic system. However they can also be part of an assembly with different power handling components such as pure sine wave inverters, GPS, UPS, power strips, etc. all in one convenient package. The control software uses Sun runtime Java for uses with Windows 95,98,ME, 2000, and NT.

Sea Sciences, Inc has just developed a composite wing which can be supplied in various lengths for greater depth performance. The wing lengths are interchangeable for optimum selection based on load, speed, cable, etc. The AcrobatTM provides 5 (five) standard underwater profiles: constant depth, constant altitude above the bottom, constant undulation between two depths, adapting undulation between a set depth and varying bottom, and maximum number of undulations between two survey positions.

Manual and/or computer control with real-time communications

Hand Control Module for limited manual operation plus user owned PC and LTV software or (OPTION) Control Command Module with active screen system in a protective case and the LTV software installed.

	Data used for control:
	Wing angle, vehicle depth, GPS, and echo sounder depth

	Power:
	LTV power module 120/220 AC in, 30VDC out, max.1A

	SUPPORT SYSTEMS

	Winch with slip ring assembly:
	For ease of cable deployment/recovery. Not required for short cable lengths.

	Cable:
	Faired, 8 mm diameter Vectran with 8 conductors (up to 10 conductor for specials). Standard suggested length is 150 m for operations to 50 m.

	Safety Tow System:
	Reduces sudden increase in towing loads and provides a means of safely anchoring the towing line to the boat while towing.

	Computer:
	Suggested minimum configuration is a PC Notebook with Pentium processor or equal, active matrix display, 2 standard serial ports, 800M hard drive, 3.5 inch floppy drive, and a CD-ROM

	Navigation:
	GPS / Depth sounder combination. Multiplexed NMEA 0183 data is used by the AcrobatTM Control PC for horizontal tow body position display and altitude off the bottom.


Deployment

It is advised that before any deployment operation is attempted that the operator become an "expert" with the simulation program contained in the operating software. With a moderate amount of instrumentation attached to the AcrobatTM, one person can manually lift and lower/recover the model LTV-50x over the stern or side of a small boat. If the survey area is in very shallow water (10 to 20 m) then the tow cable can be attached directly to the control and computer system by using Sea Sciences' Safety Rope Clutch Cable Towing System which has sufficient holding power to prevent cable slip during normal operations but pays out additional cable in case of an emergency to prevent a tow cable break. Maximum tensions experienced during normal operations are on the order of 200 lbs. However this figure is dependant on boat speed, payload, tow cable, wing size, and configuration.

Also the use of a cable storage reel with slip rings is recommended. The reel will properly store the cable preventing damage. The slip rings allow the user to deploy the Acrobat without first disconnecting the tow cable from the deck command units and then reconnecting after deployment. Sea Sciences has supplied several customers with this relatively inexpensive option.

Although the towing cable has a rated break strength of 2000 lbs, the copper conductors will fail before the cable parts. The conductors are helically arranged around a strengthened center conductor. This central conductor will most likely be the first to fail if tensions become too high. For safety, Sea Sciences has wired this conductor to pin 2 which is used with the payload rather than control of the AcrobatTM.

Deeper operations will require a small winch (either manual or electric) with an 8 conductor slip ring assembly and not less than 100 m (150 m is optimal) of 9 mm Vectran 8 or 10-conductor cable.

Power for the AcrobatTM model LTV-50x is provided by a 30 VDC converter module powered by AC line voltage. Power for this module can also be supplied by a 12VDC battery using a small solid state DC to AC pure sine wave inverter. The power from one automobile or gel-cell battery will run the system (including the AcrobatTM Control Command Module, GPS, and some low power consumption instruments, ( i.e. micro CTD) for 8 hours or longer.

The AcrobatTM should be approximately horizontal or slightly "tail down" during towing operations. An easy check is to observe the wing angle indicator during auto undulation on the computer screen. If the indicator moves equally about the center then the system is in balance. If the indicator remains close to one end or the other of the wing angle scale, then a load redistribution and or adjustments are advised for best performance.

A quicker response to directional change commands can be obtained by limiting the wing travel to just the amount required for maximum "lift". Any angle exceeding this limiting wing angle leads to stalling; in order to then change AcrobatTM direction, the the wing must first travel through the stall zone again.

Weight 

In Air 15 kg.

Size

Length 0.80 m, height 0.40 m, width of wings 0.73 m.

Construction

A light framed construction with a welded stainless steel frame, wings made of composite materials and a PVC tail.

Performance in water

Dive and climb speed independently adjustable.

Depth achievable

From 0 to 100 m; actual depth achievable is a function of tow speed, cable, instrumented weight and wing size.

Towing speed

2. Instrumentation

Operational sensors included as standard on the TUOR

A large variety of instruments having different weights and sizes can be attached to the Acrobat. This variety can be seen in two photos of customer Acrobats. The large system has an attached, optional instrument rack.

This rack is designed for the Acrobat but may be used separately for vertical profiling. The instruments are attached to supports which are easily positioned "fore and aft". This design provides for easy access to connectors, battery compartments, switches, and other instrument features requiring maintenance or activation. It also allows repositioning of the instrument payload for optimum towing.

The small system is shown with an optical plankton counter (underneath) which also has an I/O for other sensors as requested by the customer. This makes for a very lightweight system easily transportable between boats. In shallow water the user does not need a winch. A simple line clamp, preset to partially release if the tow system gets snagged during operations, is sufficient and relatively inexpensive. Winch and slip rings can easily be incorporated at a later time without any modifications to the Acrobat systems.

INTEGRATION
To integrate user instrumentation is relatively simple and requires the answer to the following:

1. What is the physical size and buoyant weight of the instrumentation to be carried by the Acrobat?

2. What are the sensor orientation requirements with respect to the flow of water and nearness of other instruments?

3. How many conductors are required for power and data?

4. What gauge conductor for lengths of the order of 150m?

5. What are the specs (including pin designations) of the instrument Bulkhead connector normally used to connect to the sea cable?

With this information, the instrument(s) can be placed on the Acrobat, connected to the sea cable via the Acrobat T-cable, and operated with its deck command (with or w/o a computer as required) & power supply, independantly of the Acrobat command and control system.

Other fitted xxxxx instruments

N/A

Optional Additional Sea Sciences instruments

Instrumentation from other companies

N/A

Instrumentation used to date

N/A

3. Tow cables, winches and other logistical information.

Cables

N/A

Winch

N/A

4. Operational Software 

N/A

5. Maintenance and servicing schedules 

Annual servicing

N/A

Major overhaul

N/A

Backup facilities

N/A

Spares

N/A

Display and interpretative facilities 

Chelsea is a firmware company and does not produce bespoke contour plotting programs. The Chelsea system provides data in comma separated variable (CSV) format, which can be easily input into standard packages such as MATLAB for processing and presentation.
7. Customer service and training

Customer service

N/A

Training

Sea Sciences offers Acrobat training at its field location in Rhode Island. The course, which normally lasts for one day, includes a number of hours of towing in Narragansett Bay. The training also includes:

· System pre-deployment checks

· Problem recognition

· Suggested Maintenance

· Outline of repairs that can be made in the field

8. Person power needed to operate vehicles

Deployment

N/A

Technical support

N/A

Time needed for post-tow data handling

N/A

9. Current costs for assembly of a total undulating system.

N/A

Which System?

	Very Basic
The needed components of a particular Acrobat system depend on the type of research and the environment in which it is to be used. If a collision with the bottom typography is non-existent than the Acrobat can be operated with a minimum of hardware. The Acrobat can be controlled manually while relying on the user owned instrumentation to provide data on depth (i.e. CTD) and position. No computer is required for the Acrobat.

Needed are:

the tow body with motor module and T-cable connection 

hand controller to operate the Acrobat manually 

connecting cable from tow body to boat 

cable terminations 

cable rope-clutch-system if winch not feasible 

limit user instrumentation size and number to that which can be directly fitted to the Acrobat without the optional instrument rack 


Intermediate 

If a potential impact with the bottom typography is a possibility then the track of the Acrobat must be observed in real-time. This requires a computer, the Acrobat control software, bottom depth and GPS data.

The intermediate Acrobat configuration consists of:

the tow body with motor module and T-cable connection 

hand controller to operate the Acrobat manually and override computer control 

connecting cable from tow body to boat 

cable terminations 

winch (manual) and/or cable rope-clutch-system 

control software 

computer with 2 serial ports 

GPS generating NMEA 0183 data 

Fathometer generating NMEA 0183 depth data and multiplexed with GPS data 

limit user instrumentation size and number to that which can be directly fitted to the Acrobat without the optional instrument rack 

Premium
The premium Acrobat configuration consists of:

The tow body with motor module and T-cable connection 

Hand controller to operate the Acrobat manually and override computer control 

Connecting cable from tow body to boat 

Cable terminations 

Cable rope-clutch-system 

Control Command Module with active screen display, LTV software installed, all cable connections made except power and sea cable connection plug in, and protected against shock and water damage in a field case 

GPS generating NMEA 0183 data 

Fathometer generating NMEA 0183 depth data and multiplexed with GPS data 

Extend user instrumentation size and number fitted to the Acrobat with the universal instrument rack. The rack can be removed and used separately if vertical profiling is desired 

Winch (electric) with slip rings and connector 

Options 

GPS & Depth sounder multiplexer. For those customers who always use the same boat with dedicated GPS and depth instrumentation, Sea Sciences can provide a multiplexer to combine the NMEA 0183 outputs to one RS232 computer input. 

Power Supply. Sea Sciences can provide a custom, portable DC power supply which will run an average system, including laptop computers, for a full day of sampling. 

Locator. Sea Sciences is developing new products. One of these products is a transponder which can be used to recover any lost tow systems. The transponder system is designed specifically for the shallow water environment. We will keep you posted regarding availability. 


10. Contact details

Sea Sciences, Inc.
40 Massachusetts Avenue
Arlington, MA 02474-8621, USA

Tel: 781-643-1600; Fax: 781-643-3850

sales@seasciences.com
http://www.seasciences.com/ssi.htm
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Towyo

1. Product details of TUOR

No details of this instrument are known. It has been deployed successfully in the Baltic by Finland, is cheap and easy to use. It is deployed using a tow-yo winch.
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Company: ADM Germany

BIOFISH

1. Product details of TUOR

No details of this instrument or the manufacturing company were obtainable. We were informed that it exists and has recently come onto the market. It is a small towed body comparable to MiniBat.
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Company: EIVA 
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1. Product details of TUOR
This vehicle is an easily handled, winch controlled towed wing designed for high-speed oceanographic and hydrometric data collection. It can be used at either fixed depth/attitude or on a pre-planned undulating flight path programmed into a numerically controlled YoYo winch. With no moving parts the vehicle is a lightweight, stable and robust platform for instrumentation. With efficient hydrodynamic design it exhibits low drag and low magnetic and acoustic signatures.The system comprises a PC with ScanFish System Software, a Deck unit (PowCom), the ScanFish I tow vehicle a sensor package and a suitable winch and tow cable. All data is transmitted to and from the vehicle via a conductive cable and interface unit to a PC for data storage and real time display of data.

The original manufacturer of Scanfish I, GMI, was bought out by the Danish firm EIVA in ~2000. The vehicle is marketed by EIVA in Scandinavia and elsewhere in the world by the UK company Chelsea Technologies Group. A wide range of sensors can be mounted internally in the wings or externally although the volume and weight of the payload in the wings is limited. An OPC can be fitted on top, but reduces the depth achievable and slows down the response time. The vehicle has low acoustic and magnetic signatures.

Deployment

Using a suitable winch (see below) Scanfish is normally deployed from a conducting cable that passes over an ‘A’ frame or a Hiab or equivalent davit. A slip ring is recommended, but not essential. To give an adequate safety margin, if a Hiab is used, a SWL rating of 2 tonnes is recommended. Manhandling of the equipment at sea, because of its weight, is not recommended.

Weight 

34kg without sensors.

Size

Length 0.75m, Height, 0.13m, Width 1m.

Construction

The wing is of a standard NACA form and has a monocoque chassis built of fibre glass polyester (GFP) and syntactic foam.

Performance in water

Rate of climb and descent up to 2 m per second.

Depth achievable

Can operate from the surface down to 100 m using unfaired cable.

Towing speed

Can be deployed at speeds from 2 to10 knots.

2. Instrumentation

Operational sensors included as standard on the TUOR

Can include an in-house bottom avoidance system.

Other fitted EIVA instrumentation

· EIVA Turbidity sensor TU150 IR?

· EIVA Dissolved oxygen sensor: CT & optionally pressure?

· EIVA Ph?

· EIVA PAR?

· EIVA fluorescence? 

Optional Additional EIVA instruments

N/A

Instrumentation from other companies

The following instruments have been integrated with the EIVA operating system on various towed bodies to date:

· FSI CTD

· Minipack

· DO sensor

· Ph sensor

· Aquatracker III

· Seabird 911

· Seabird 43

· Focal OPC (possibly)

· Sonars

· Magetometers

· Cameras

Global Positioning System

A GPS receiver that sits inside the deck box (as an additional computer card) can be integrated as standard to the Scanfish operational system.

Instrumentation used to date

N/A

3. Tow cables, winches and other logistical information

Cables

ScanFish I is typically towed using multicore, conducting cable, 6-12 mm diameter, or single coax cable.

Winch

A Svenborg YoYo winch is needed to undulate Scanfish I. A full system can be purchased as a package from EIVA or the winch separately from Svenborg. A minimum 8 way slip ring set is included as standard with the winch and is likely to include a deck cable to the controller box.

4. Operational Software

The software provided with the system can instruct a suitable computer controlled winch to maintain the vehicle’s altitude, depth or undulating flight path by deploying or hauling in the tow cable. Intelligent seabed avoidance software can also be provided with the system. The Software is DOS based, but can be run on a Window’s system within a DOS Window.

5. Data storage and processing

N/A

6. Maintenance and servicing schedules 

Annual servicing

Minimal servicing required. Cables need to be carefully looked after and monitored and should be washed down with freshwater when reeled in. Rochester provides useful advice on cable maintenance.

Major overhaul

N/A

Backup facilities

N/A

Spares

N/A

7. Customer service and training

Customer service

N/A

Training

If winches are purchased EIVA advises that commissioning be carried out with a Svenborg engineer.

8. Person power needed to operate vehicles

Deployment

A winch operator, one person at the control panel and additional assistance to launch and recover the vehicle is needed, using either a Hiab or a luffing A frame.

Technical support

Once deployed an oceanographer will be required to supervise the deck module occasionally checking that the system is operating correctly.

Time needed for post-tow data handling

N/A 

9. Current costs for assembly of a total undulating system

N/A

10. Contact details

Oceanographic Instrumentation and Production, EIVA a/s

Oldenvej 43 DK-3490 Kvistgaard, Denmark

Tel: +45 8628 2011; Fax: +45 4917 7554

E-mail info@eiva.dk
http://www.eiva.dk/sw204.asp
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Companies: Consortium as part of an EU Project

Hytov

1. Product details of TUOR

This vehicle was designed as part of an EU project, on which Chelsea Technology Group took the lead and which has now finished. The vehicle has never been marketted, but information on its development is available at:

http://www.hsva.de/netswave/issues/99/1/article_2/nw_art2.html
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Companies: Japanese system for ADCP measurement

Drake

1. Product details of TUOR

This TUOR was used to carry an Acoustic Doppler Current Profiler (ADCP) for energy flux measurements in transects across the Kuroshio current and is included here for completeness and information. The reference determined from a literature search is given below.

Arata K, Noriaki , G., Wataru K., Masahiko , N., Shinjiro, M. and Hirohito, F. (1993). Towed ADCP Fish with Depth and Roll Controllable Wings and Its Application to the Kuroshio Observation Journal of Oceanography. 49: 383-395.

Appendix D. Information document by SAHFOS on the development of new CPR surveys and routes

THE DEVELOPMENT OF NEW CPR SURVEYS AND ROUTES

SAHFOS wants to encourage the worldwide use of the Continuous Plankton Recorder.

Our central aim is to maintain the geographic coverage and consistency of the CPR survey in its core region, the North Atlantic. It is hoped to include three new areas, the Norwegian Sea, the Barents Sea and the Labrador Sea between Canada and Greenland.

However, in addition, self-financing surveys will be launched in other regional seas whenever possible, and trial tows at cost to SAHFOS will be done if expedient. This document is written to provide guidance in setting up new surveys outside the North Atlantic.

BACKGROUND

New Routes in the North Atlantic are developed using existing SAHFOS Plymouth resources and practices. Analysis, shipping and data handling use well practised routines and lines of communication. No airfreight is necessary: the plankton is familiar: costs are roughly comparable between the nations involved: the SAHFOS dataset is incremented.

For SAHFOS in UK the development of new Surveys in other regional seas is more complex: the plankton and shipping will be unfamiliar, the database may be different and the language, routines and lines of communication may also be unfamiliar. This paper addresses the development of new Surveys in other regional seas, outside the core region of the Survey.

HISTORY

The CPR machine lies at the heart of a CPR Survey. The CPR is a mechanical device of well-established design, constructed in the UK, individually, by hand. The device has no commercial application and the manufacturer provides only limited after-sales back-up.

Both the machine and the Survey depend for their success upon the careful integration of a number of inter-dependant operations. A Survey comprises the following:

· A scientific purpose

· Funding

· At least one CPR body and one or more inner mechanisms

· A small workshop and a technician trained to maintain the CPR bodies and inners

· A tow ship, which may be a ship of opportunity or a research vessel

· Arrangements to ship the CPR body between the tow ship and the maintenance workshop

· Training for the tow ship in handling the CPR and in the records required by the Survey leader

· A regular supply of prepared silks

· The technician also trained to load and unload the silks from the mechanisms

· A laboratory and microscope for analysis, with storage for unloaded silks

· Trained plankton analyst(s)

· A database for storing tow records and plankton information

· A scientific leader committed to promoting the new CPR survey

With these components in place a CPR Survey can start. The arrangements for each component vary slightly from survey to survey, but if one component is omitted the survey will fail.

In the long term SAHFOS seeks to integrate the databases of all sister surveys and maintain common standards of quality control.

SAHFOS SUPPORT

The manufacture, trial, export and payment for a new CPR are major activities for SAHFOS and the manufacturer which attract careful management.

Training in analysis methods and CPR operations/maintenance also attracts careful supervision.

The other components of a successful Survey may not be under SAHFOS control, and are therefore at greater risk. The risks associated with those components of a Survey most likely to fail are discussed below.

TOW OPERATIONS

The CPR is towed on a dumb cable without an integral time/position recorder. The Survey database depends on the tow ship for time/position information and records. The Survey leader checks and integrates the information and records with the analysed plankton information.

The crews of scientific research vessels are experienced in the operation of towed bodies and the deployment of a CPR with them is likely to be straightforward.

On the other hand Ships of Opportunity (SOOP) may have no prior experience of towed bodies. They will require training to maintain the davit, launch and recover the CPR and to maintain records. In addition therefore to recruiting the ship's owners to take part in the Survey, the CPR leader must train and motivate the crew. If a SOOP is withdrawn from the Survey (as may occur if a ship is sold or re-routed) another Company may have to be persuaded to take part before a new ship can be rigged and trained.

MAINTENANCE OF CPR BODIES AND INNERS/SILK LOADING AND UNLOADING

Routine CPR maintenance and silk handling require basic engineering skills. Good quality maintenance also requires an understanding of the associated operational and analysis procedures. In the UK the tasks are divided between two full-time technicians who maintain their skill by regular application. The US and Australian surveys employ one technician each, trained in UK: their CPR work is infrequent and irregular and the equipment satisfactorily maintained. The personnel and resource costs for a new Survey will include the initial training in UK. A maintenance training Manual has been developed. 

The maintenance and silk handling skills once acquired can be transferred locally, but they cannot be acquired without training. 

ANALYSIS

Plankton analysis as carried out by SAHFOS on-silk, is a unique, skilled task which requires aptitude and training, then regular practice. It also involves the management of towed silks and the associated records, between their return from the ship and storage, post-analysis.

Successful new surveys have adopted different systems; contracting the work out or doing it "in-house". The personnel and resource costs for a new Survey will include the initial training in UK. An analysis training manual is under development.

Transferring the skills of on-silk analysis between local staff is feasible, if there are existing plankton specialists. Otherwise if a sole analyst departs without replacement the survey will cease until a replacement is identified and trained in UK. 

It is not difficult to integrate these components. However the failure of one element may take time to rectify and during this time the new Survey will be vulnerable to funding and management pressures.

LESSONS

Researchers considering the development of a CPR survey should plan the continuing investment needed (after the capital expenditure on equipment) to achieve the sustained quality of data which the machine delivers. This awareness is created at the planning stage, by a visit from the new Survey Leader to SAHFOS in Plymouth, and by providing the new Leader with this standard written brief explaining the modus operandi of the Survey.

Considerable effort is required of SAHFOS to establish a new survey, supplying the CPR and providing training. In addition, the Foundation provides initial instruction for the leadership and management of the Survey, and support during the operational period. The initial purchase of a CPR for a new survey is managed by SAHFOS. Technical and analyst training is provided in the UK.

Overseas surveys are susceptible to failure if single technicians or analysts depart without replacement. New surveys should train more than one member of staff for these duties. With suitable documentation provided by SAHFOS subsequent training can be conducted locally, however Analysis may require UK training.

The CPR requires active involvement by a ship’s crew. Preparing a ship of Opportunity for a new Survey will require more work from the Survey Leader than will an experienced and dedicated Research Vessel. The continuing relationship between the Survey and the SOOP and its owners needs fostering with diplomacy and close liaison. A new Survey proposing to use SOOPs should be briefed by the SAHFOS Operations Manager, an experienced Master Mariner, during the initial visit to Plymouth. The arrangements necessary for the installation of a davit and the operation of a CPR at sea are documented.

The new Survey leader needs to understand how to establish his local database and integrate its output with SAHFOS.

ARRANGEMENTS FOR THE CREATION AND DEVELOPMENT OF NEW SURVEYS IN OTHER REGIONAL SEAS

The schedule for a new Survey is:

· Preliminary discussions between SAHFOS and representatives from the other regional sea area, concluding in a verbal expression of interest by the potential leader of a new survey.

· Formal letter of invitation to visit SAHFOS.

· Reply from the Survey, triggering despatch of this, the New Survey Management Document.

· Visit to Plymouth by the proposed new Survey.

· Agreement to Purchase new CPR and train at least one technician and one analyst in UK.

· Purchase of new CPR, including existing Maintenance Manual..

· Training of technician. Supply of existing Technical Training Manual.

· Training of analyst. Supply of new Analyst Training Manual.

· Supply of existing Operations Manual to the new Survey Leader.

· Commencement of Operations.

· Quality Control Visit by Director, confirming that further maintainers and analysts are being trained.

Appendix E: Guidelines for Ship of Opportunity and Research Vessel Operations of the Continuous Plankton Recorder (CPR)

Introduction

These guidelines have been produced to help ensure safe operation of the CPR. This towed body was designed in the 1920s by Sir Alister Hardy, FRS and built with the assistance of John Rutherford, Engineers of Edinburgh. The first tow from a ship of opportunity was on 15th September 1931 aboard the SS Albatross between Hull and Bremen. Since then it has been used in an ongoing survey of the North Atlantic and North Sea. Australian scientists also use CPR’s in the Southern Ocean and Antarctic. The Chinese use one CPR in the Yellow Sea. It is towed at a fixed depth of between six and ten metres. Since 1931, over four million miles have been towed using the CPR by merchant and weather ships of many nations. Due to the average increased speed of the ships, the original, single fin tail assembly was modified to a box tail design. This prevented the machine broaching at the higher speeds. The box tails allowed for the insertion of electronic data pods. Various electronic instrumentation has been tested inside CPR tails on the regular monthly tow routes.

Description

The CPRs are constructed on a robust, phosphor bronze and brass (or the post October 1997 units) with a stainless steel box frame, and panels of similar materials. Specifications: 1040 mm long, 350 mm wide, 440 mm high, and 98 kg gross weight (including scientific instruments). It has been developed for towing from both research vessels and commercial merchant ships of opportunity. Some additional data can be acquired from electronic instruments attached in the underside of the box tail. These provide information on temperature, conductivity, depth and fluorescence to compare with filtered plankton data.

The CPR is deployed from a suitable davit or tow point on the stern of a ship using a 10mm diameter flexible steel wire rope. The ship’s stern mooring winch is used to pay out and haul the tow wire. Lengths deployed vary from 70 to 100 m depending on desired tow depth and ships speed.

Safe handling of the CPR

The handling of the CPR comes under the auspices of safety in deployment of gear over the side of vessels. These are governed by the International Safety Management (ISM) Code for all vessels.

From the above data it is apparent that the CPR is too heavy for one person to handle. Thus there is a safety requirement for 3 persons in deployment and the utilisation of safe working, test certificated, mechanical handling devices. 

The unit is transported to the tow vessel by road, usually in a yellow painted plywood carriage box via a national carrier company. The nose end is extremely heavy compared to the main body and mild steel box tail. The tow wire is shackled to the nose shock absorber and coiled in the yellow carriage box. On Ro-Ro vessels the carriage box and CPR are lifted aboard via forklift truck and driven to the stern tow davit. On non Ro- Ro ships it is advisable to lift the CPR aboard in the carriage box via the ship’s crane or shore cargo crane. It is placed in the vicinity of the tow davit ready for use. The carriage box on the forklift skids may be slid across a steel deck to the tow davit. The box with lid open may be placed under the davit and the tow wire fed through the blocks to the tow winch. The CPR can then be lifted out of the box using the winch and wire. If this is not possible then the CPR must be carefully lifted from the box by two to three persons and placed on the deck for sliding across to the tow davit.

Risk Assessment

From the above the risk assessment is broken down into the following main items:

Lifting. The CPR must be lifted using mechanical aids and with no less than two persons. The persons must be fully aware of correct lifting postures and safe handling of equipment.

Deployment. Three persons to attend, each with clearly defined tasks.

Communication. Permission before any deployment or retrieval must be obtained from the ship’s bridge officer.

Training. Safe use of winch wires, davits etc. must be demonstrated by a competent, experienced person who will also be in charge of the operation. The safe working loads and physical handling characteristics of the gear used must be fully explained.

Work space. Must be adequate, a minimum of 4 square metres is advised. It must be well lit and visible from the ship’s bridge.

Safety Criteria for the CPR Operation

Before any deployment (preferably before the ship leaves port) the operation of the CPR must be fully discussed between the handling crew, the bridge officers, the ship’s Master, Chief Officer and deck crew. The deployment crew leader must always obtain the permission of the bridge watch officer before placing anything over the side.

1. There must be a minimum over bulwark clearance below the davit head block of at least 1 metre to allow the CPR to be safely swung out/inboard. It is suspended from the tow wire shackled to a shock absorber attached to the nose of the CPR body.

2. A clear deck space of at least foursquare metres must be next to the davit. This allows adequate handling and workspace.

3. The davit must be visible from the ship’s bridge wings. It must be borne in mind that the CPR is launched at full ship’s service speed, eg from 10 to 25 knots. Thus there will be an initial heavy snatch on the tow wire when it first enters the water. Personnel must keep clear of the tow wire.

4. The davit must have passed a safe working load test of a minimum 2 tonnes. Records of all current test certificates are to be kept in the ship’s files usually by the Chief Deck Officer. Copies are also to be held by the operator of the CPR. The davit must be visually inspected by a competent person (Ship’s deck/engineer officer) before each use and safe working load (SWL) tested and certificated each year. The davit securing rope guys should have a safe working load of a minimum 1.5 tons and the recommended minimum diameter is 20mm and construction of white nylon rope properly spliced with a hard eye attached to the davit head with a 2 ton SWL shackle.

5. The head and heel blocks, and all shackles must have at least 2 tons SWL certification and the sheaves are a minimum of 6 inches diameter. It is advisable to have a 6.5 ton SWL alloy bow head shackle and a 4.75 ton SWL, heel alloy, bow shackle. These do not readily corrode or oxidise in salt/air/water conditions. The blocks must be greased every week to keep them free. The block securing pins must be moused (seized/secured with seizing wire to prevent rotation).

6. Tow points: These are generally used on ships with enclosed stern mooring decks. They are fitted to the stern superstructure to provide the best lead from a mooring winch drum. Each tow point is customised to the individual ship to provide safety and ease of use. Examples of tow points are H-girder outriggers either projecting over the stern or the ship’s side for a metre. This is to provide adequate clearance for the tow fish. A 5 tonne SWL padeye is welded to these outriggers. Other types are simply the 5 tonne padeye welded to the outside stern plating in a suitably strong position to give a SWL of 2 tonnes or on a cross girder fitted above a stern opening giving adequate clearance for the tow fish to be handled over the stern bulwark. The tow wire is led through a 2 tonne SWL head block suspended from the 5 tonne SWL steel padeye using a 6.5 tonne SWL alloy bow shackle. (5 tonne SWL padeyes are used as they have an adequate inside eye diameter to accommodate the shackle pins and give an extra measure of safety). Each tow point is safe working load tested to 2 tonnes before being used. It is important that the ship’s crew are not placed at any risk during rigging of the tow point and feeding the tow wires through the head blocks. From experience a maximum outreach of 1 metre is advised when fitting an outrigger.

7. The tow wire shall be galvanised, lubrication/grease protected, a minimum of 1.2 tons SWL, certificated, be no more than 5 years old and unkinked, with no broken strands, in good working condition, properly coiled and not corroded.

8. The deployment area shall be well lit and visible if possible from the ship’s bridge. The deck must be grease and oil free and clear of any obstructions that could trip persons or foul the tow wire.

9. The handling crew shall be trained in safe deployment. This includes manual handling of the CPR, the tow wire, and the winch controls and standard signals.

10. The crew shall be provided with protective safety boots, gloves, safety helmets, good coveralls and with reflector jackets for night work. Thermal wear for cold climate use shall be provided. Working life jackets and safety harnesses must be worn if the conditions warrant it. Life belts and rescue lines with lights must be in close proximity to the CPR handling area.

11. Communication with the bridge watch-keeper must be available at all times during deployment. This must be checked before any handling operation. (usually VHF radio).

12. The bridge watch-keeper must be informed before any person proceeds on deck to handle the CPR and when all of the crew leaves the deck.

13. Responsibility as to whether it is safe to deploy or haul in the CPR rests with the bridge watch officer and ultimately the Master of the vessel. Factors are poor weather conditions, proximity of other vessels necessitating bold alterations of course or speed, fishing activity, water depth, motion of the ship, adequate lighting at night etc.

14. There must be a designated handling procedure with each of the three crew having clearly defined tasks with recognised standard handling signals between the CPR handlers and the winch-man.

Formalin

· Formalin is a carcinogen used in sample preservation, particularly for zooplankton. People working with formalin are to wear protective clothing and use protective equipment. Laboratories should be well ventilated and it is preferable to transfer specimens from formalin to alcohol prior to counting.
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The Continuous Plankton Recorder survey


The CPR Mk II that is routinely used in the North Atlantic survey today is a 102 cm long, ~100kg towed body with a half inch square water inlet at the front, a box tail for stability and a propellor to drive the internal mechanism. The cassette internal mechanism, which is capable of sampling plankton over 450nm, is inserted into the side of the towed body. A geared system progressively moves a band of silk forward across the opening of an expanded water tunnel to filter plankton at a rate that is proportional to the ship’s speed. The filtering and the covering silk are combined to form a sandwich that is wound onto a storage spool into a bath of dilute formalin preservative. The silk used is a 6 inch wide band of 270 µm mesh bolting cloth. A typical tow across the North Sea, for example between Immingham UK and Hanstholm Denmark, of 340 nm uses a band of silk 4.52 m long from which 20 alternate 10 nm samples would be analysed. The silk is cut into samples representing 10 nm of tow (about 10 cm), and assuming 100% efficiciency, 3 cubic metres of water filtered. With 18.24 m of tow wire in the water CPRs sample at approximately 10 m depth at a mean speed of 14 knots. For speeds of 15 knots and greater a cable of 20 m is used. CPRs have been successfully operated at speeds between 5 and 26 knots. Because of the turbulence generated by the ships wake the samples obtained almost certainly integrate the plankton from the top 20 m of water. Once the CPRs are returned to the laboratory the silks are unloaded and laid on a bench to determine visually their colour into four categories along the silk as a visual estimate of chlorophyll. Phytoplankton and zooplankton are then identified and counted to a standard procedure with up to 450 different taxa identified. Only alternate samples are analysed each representing 10 nautical miles, the remainder are strored for subsequent studies, such as the genetic analyses that are currently underway.





Operational surveys using the Continuous Plankton Recorder (CPR) now exist in the North Atlantic, North Pacific, Southern Ocean and Baltic Sea. The survey run by the Sir Alister Hardy Foundation for Ocean Science (SAHFOS) from Plymouth in the United Kingdom has now operated for more than 70 years. Since the survey started in 1931 CPRs have been towed by merchant ships on their normal routes for over 4 million nautical miles with close to 180,000 samples analysed under a microscope. Up to 400 different planktonic taxa are identified and the resulting counts stored in a relational database management system.
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