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EXECUTIVE SUMMARY OF SCIENTIFIC/TECHNICAL RESULTS

Because “Underwater science is entering a new era with the establishment of networks of observatories for long term monitoring of the marine environment, autonomous vehicles and new measurement technologies”, the stated objective of the meeting was that “the 6th SUT Underwater Science symposium being held in Aberdeen, the UK centre of the subsea technology industry, will review progress and prospects in monitoring and measuring the underwater environment from the shelf seas to the abyss. Focusing on describing technologies often not fully presented in scientific papers, the meeting will provide a forum for discussion of cost-effective means of implementing ambitious scientific programmes aimed at wide scale instrumentation of the oceans.”  The meeting provided a good overview of primarily European developments in undersea technology, primarily for the purposes of basic research and offshore drilling support.  The plenary session provided a mix of scientific, technical and commercial presentations.  The meeting was divided into five sessions, Technology (2 sessions, 6 papers each); Mapping and Recording Biological Data (5 papers); Sediment (5 papers); and Survey/Monitoring (7 papers).  The emphasis of this conference was underwater technologies, not the research carried out with them.  Driven primarily by deep sea research and offshore drilling, Europe is a significant center in the development of underwater technologies, particularly deep sea landers, in situ sensors and instruments.  
SCIENTIFIC PROGRAM

The scientific program was provided as a pdf file by email.  No web link was available.  The preliminary program is in Appendix II.  To purchase meeting abstracts, contact Ms. Jean Pritchard, Society of Underwater Technology, jean.pritchard@sut.org.

TRENDS AND HIGHLIGHTS

The meeting was organized under the auspices of the Society of Underwater Technology (http://www.sut.org.uk), which states, “The Society for Underwater Technology (SUT) is a multi-disciplinary learned Society bringing together individuals and organisations from more than 40 countries who have a common interest in underwater technology, ocean science and offshore engineering.  The SUT was founded in 1966, has members from more than 40 countries, and includes engineers, scientists, other professionals, and students working in these areas.”  In spite of this international emphasis, the meeting was dominated by attendees from the UK.  Of the 69 registered delegates, 52 were from the UK, with the remainder divided between 7 other European nations, Japan and the USA.  The plenary program, on the other hand, with 29 papers, included all nations represented.  One possible reason for the generally low international turnout at the meeting is that it coincided with the April 7th deadline for proposals to the 6th EU Framework Programme for Research and Technological Development (FP6).  A large proportion of European scientists doing work related to the call were involved in collaborative proposals to this call, and this prevented a number of scientists from attending the meeting.

In spite of relatively disproportionate attendance the meeting provided a good overview of European developments in undersea technology, primarily for the purposes of basic research and offshore drilling support.  The plenary session provided a mix of scientific, technical and commercial presentations.  The meeting was divided into five sessions, Technology (2 sessions, 6 papers each); Mapping and Recording Biological Data (5 papers); Sediment (5 papers); and Survey/Monitoring (7 papers).  The emphasis of this meeting was primarily underwater technologies, not necessarily the research carried out with them.  As such, some of the notable presentations will be briefly described below, and then the status and trends for (primarily) European undersea technology will be discussed.  For detailed information on research or other investigations being carried out with the technologies, individual presenters can be contacted.  A list of attendees, their organizations, and email addresses is in the Appendix.

Dr John Watson of Aberdeen University, UK presented “HOLOMAR: A HOLOGRAPHIC SYTEM FOR SUBSEA RECORDING AND ANALYSIS OF PLANKTON AND OTHER MARINE PARTICLES”.   The HoloCam is a one-of-a-kind, purpose-built holographic camera for the in situ observation of plankton and marine particles in the ocean.  It incorporates two holographic geometries, in-line, and off-axis, allowing for a range of resolutions, densities and applications (see Figure 1).  A dedicated replay facility onshore allows for the reconstruction and viewing of three-dimensional images.  A computer-controlled microscope, software and video camera can digitize, record and classify planar slices through the holographic image.  The capability of this system to map in-situ species densities and associations of volumes of seawater up to 100 liters provides ecological insights, such as the relative distribution of organisms and their precise relative locations, not available when populations are sampled with nets, bottles or grabs.  Other applications include in-line imaging of the sediment/seawater interface during erosion studies to get an idea about particle-specific erosion behavior.  It is unlikely that other laboratories will invest in building similar systems.  However, the presence of this unique instrument at Ocean Laboratories in Aberdeen represents a unique capability and resource for collaborative studies.  Furthermore, all images generated will be banked with the European Commission, and may provide insight for other studies.  
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	Figure 1.  From meeting abstract volume.


Prof. Olaf Pfannkuche of GEOMAR Research Centre, Germany, presented “BENTHIC LONG-TERM OBSERVATORIES BASED ON LANDER TECHNOLOGY” GEOMAR operates a suite of modular landers which are conceived to be “a universal instrument carrier for deep-sea benthic boundary layer investigations” (see Figure 2).  The present GEOMAR research focus is gas-hydrates (http://www.gashydrate.de/).  In support of that program, modular landers were customized to carry out the following studies:  gas hydrate stability, quantification of gas flow from acoustic bubble size imaging, integrated benthic boundary layer current measurements, quantification of particle flux, monitoring of mega-benthic activity, fluid and gas flow measurements at the sediment-water interface, biogeochemical fluxes at the sediment-water interface (oxidants, nutrients).  A further focus has been the development of chambers for in situ experiments.  For instance, the BIGO-chamber has a chemo-stat to maintain oxygen supply.  The “Gust” mesocosm can either reproduce outside current regime, or alter the current regime to test the effects of current velocity.  A particle and flux injector can add organic substances and tracers.  These developments allow for deep-sea, in situ experiments of unprecedented complexity, and may significantly enhance our understanding of benthic communities to natural and anthropogenically altered conditions.  Ultimately, the goal is long-term in situ studies of deep sea ecology.  Another large-scale lander program was presented by Phil Bagley of Aberdeen University in LANDERS TECHNIQUES FOR DEEP OCEAN BIOLOGICAL RESEARCH.  While the GEOMAR group has focused on deep sea biogeochemical experiments, the primary focus of the Ocean Lab lander suite is in situ observational and experimental biology.  Purpose-built landers include the AUDOS lander, which acoustically tracks transponders swallowed by fish in “bait” packages, the uplooking ISIT bioluminescence lander, which includes a “splat screen” a mesh that induces bioluminescence as particles fall on it; the DOBO long term lander, that visually monitors behavior around large food falls and periodic bait releases, the SPRINT lander, that studies swimming energetics in the deep sea by inducing a startle response in fishes and monitoring responses and the respirometer lander that traps fish and monitors oxygen and temperature data over time.  Together, these landers provide a significant suite of tools for the study of in situ deep sea biology.  
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	Figure 2.  Six GEOMAR Modular Lander Systems operated during cruise SONNE 165, 2002 in the Cascadia Gas-Hydrate Province off Oregon, USA (from meeting abstract volume).


Applications of the SPRINT and other landers were described in greater detail by David Baileyof University of Aberdeen in the presentation IN SITU INVESTIGATION OF THE BEHAVIOR AND PHYSIOLOGY IN DEEP-SEA ANIMALS USING AUTONOMOUS LANDER VEHICLES.  Another application for lander systems was presented by JM Roberts of Dunstaffnage Marine Laboratory, Oban, UK in MONITORING ENVIRONMENTAL VARIABILITY AROUND COLD-WATER CORAL REEFS USING A BENTHIC PHOTO LANDER.  In this study, landers with digital stills cameras, time-lapse cameras, UMI data logger controlling a transmissometer, light scattering sensor and fluorometer, recording current meter and temperature loggers recorded the environmental conditions around cold-water corals.  Photographic analysis has revealed intense bioturbation activity surrounding the reef complex.  The lander also recorded a distinct tidal cycle with high flow and significant temperature events, as well as evidence for sediment resuspension events.  Such in situ measurements with landers provide unique insights into the environmental conditions and variability around habitats of interest.  O.C. Peppe of the Scottish Association of Marine Science, Dunstaffnage Marine Laboratory, UK presented DEVELOPMENTS TO A DEEP SEA LANDER FOR STUDIES WITHIN THE OXYGEN MINIMUM ZONE OF THE PAKISTAN MARGIN.  The focus of this presentation was the investigation and development of modifications to a modular lander in support of a study on biogeochemical processes within the oxygen minimum zone of the Pakistan margin.  Developments included the evaluation of a “gill-type” oxystat system, a ballast system including “disposal feet” for easier recovery of landers in soft sediments, and the installation of a video camera system.  It was determined that passive gill systems (those that allow for diffusion of oxygen across a membrane) do not provide a suffiencient rate of oxygenation in the oxygen minimum zone.  While an active system providing oxygen from a tank might be preferable, this was not used.  The disposable feet allowed the landers to be retrieved with less force when embedded in soft sediments.  

Oyvind Tangen Odegaard of NTNU, Norway presented AUV FRESH WATER DISTRIBUTION SURVEYS IN DEEP WATER.  An AUV equipped with CTD and ADCP was used to survey the Trondheim Fjord, which is characterized by strong salinity gradients due to large river influxes, as well as highly dynamic systems due to wind and tidal forcing.  After each 10-40 minute pre-programmed survey plan, the AUV returned to the surface for a GPS fix, to download data to the mother vessel via a wireless Ethernet connection, and to receive the next survey plan.  Depending upon the complexity of the data, the next survey plan could be based upon data received.  The AUV provided a reasonable balance between resolution and coverage in a highly dynamic system, but a number of problems were encountered.  Extensive variations in salinity caused buoyancy problems beyond the capability of the vertical autopilot, poor navigation due to only sporadic Doppler log bottom-track reduced ADCP quality, and insufficient survey information resulted in sub-optimal use of limited energy storage capacity and time.  While the authors concluded that at this time, the technology was not effective enough to justify the operational costs, they recommended the development of adaptive salinity feedback search routines, an adaptive, feed-forward buoyancy compensator and better navigation systems, all of which may make AUVs an important tool for such surveys.  

Hugh Young presented SURVEY AUTONOMOUS SEMI-SUBMERSIBLE (SASS) TECHNOLOGY. The objective of SASS is a low cost, low noise, easy to handle “ship substitute”.  It is a stable, semi-submersible with a torpedo-shaped hull and detachable sensors, and, due to the engine being out of water, generates very little noise (see Figure 3).  Due to its size, launch and recovery are somewhat difficult, but floating frames or winches can be used.  The applications envisioned are to reduce the cost of ship time by increasing independent sensor sites, eventually being out of ship’s sight, to carry out surveys that require very low noise (biological or military applications), to collect data from hazardous areas and to act as a radio/acoustic relay to track and communicate with ROVs and AUVs.  Full-scale 3-5m vehicles are anticipated to cost £250-300K, without payload.  Demonstrations are anticipated July 28, 2003 and onwards, at Southampton, and with a variety of payloads, including swath bathymetry and sidescan sonar from 4 August, possibly from Weymouth.  For information, contact Hugh Young at hyoung@makaira.freeserve.co.uk.  
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	Figure 3.  From meeting abstract volume


Ian Hudson of DEEPSEAS Benthic Biology Group, Southampton Oceanography Centre, presented IN SITU DEEP-SEA SCIENCE: HOW INDUSTRIAL COLLABORATIONS USING ROV'S CAN BENEFIT THE SCIENTIFIC COMMUNITY.  This presentation described collaboration between the oil and gas industry and academic scientists in which ROV downtime at offshore installations is made available to scientists on an opportunistic basis.  The ROVs are equipped with video and photographic equipment as well as manipulator arms which allow for in situ observations and experiments.  This collaboration provides an opportunity, without interrupting normal ROV operations, for either pure research or for mutually beneficial studies by providing information about shallow and deep water ecology, baseline environmental conditions before activities, or about the long-term impacts of operations.  

Tomas Lundalv of Goteborg University, Sweden presented MAPPING OF DEEP WATER CORALS AND FISHERY IMPACTS IN THE NORTH-EAST SKAGERRAK, USING ACOUSTICAL AND ROV SURVEY TECHNIQUES.  Studies to determine the distribution and present status of deep water corals, a marine habitat of particular value, revealed that coral sites “were situated in deep channels, creating strong currents due to tidal or internal water movements.  Three of six sites investigated seem to have been destroyed by fishing activities in relatively recent times, and two of three sites with live corals were heavily impacted by trawling.”  Video and sonar (Simrad ES 60 echosounders) provided data on substrate hardness that allowed for the mapping of coral distribution, as well as showing the tracks generated by shrimp trawlers, providing strong evidence of impact of fisheries on these ecosystems (see Figure 4).  An industrial application of similar technologies was presented by Steve Sansom of Sonar Research and Development Ltd. in RECOVERY OF WIDESPREAD DOCKYARD DEBRIS - HOLY LOCH, SCOTLAND 1998-2001.  Detailed imaging and mapping were used in a former dockyard before and after clearing operations to plan and evaluate the removal of extensive debris. 
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	Figure 4.  From meeting abstract volume


Mike Fedak of NERC Sea Mammal Research Unit, Scotland presented MARINE MAMMALS AS PLATFORMS FOR OCEANOGRAPHIC SAMPLING: SALINITY AND TEMPERATURE STRUCTURE OF A FREEZING ARCTIC FJORD MONITORED BY WHITE WHALES (DELPHINAPTERUS LEUCAS).  Wild beluga whales were captured and equipped with novel satellite-linked CTD loggers.  This provided the opportunity to collect CTD profiles from an area with 90% ice coverage (see Figure 5) .  This pilot study demonstrated the utility of using marine mammals to survey areas that are generally inaccessible due to political or logistical barriers.  Advantages include low cost, near-real-data, flexibility and access to data-sparse regions.  Disadvantages are that sampling is non-random, with limited control on sampling regime, variable depth scale (this can be somewhat controlled by selection of marine mammal), variable data transmission, fouling and long-term sensor drift.  While the use of marine mammals as observation platforms is not a new idea (it was proposed by W. Evans et al in 1972, and is being applied for a number of uses), few such data (for oceanographic rather than behavioral purposes) are available to the scientific community.  The authors suggested that elephant seals can fill in gaps in the under sampled Southern Ocean, while hooded seals would be useful in Greenland.  They concluded that there was a need for new sensors, and to integrate these data with data from other tools.  
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	Figure 5.  From meeting abstract volume.


R. Swift of the University of Aberdeen presented POP-UP EARS IN THE OCEAN - PASSIVE ACOUSTIC MONITORING OF WHALE BEHAVIOR, DISTRIBUTIONS AND THEIR UNDERWATER ACOUSTIC ENVIRONMENT.  Autonomous, bottom-mounted acoustic recording systems are being deployed throughout the world’s oceans to monitor cetacean behavior, distribution and acoustic environment.  These pop-ups can be deployed either from research vessels or ships of opportunity.  The variety of studies was briefly summarized; they include basic behavioral and distribution investigations as well as examinations of the effects of anthropogenic noise and other activities. 

Peter Enderlein of the British Antarctic Survey presented MOORINGS TO INVESTIGATE INTRA-ANNUAL VARIABILITY IN KRILL ABUNDANCE AND WATER-MASS PHYSICAL CHARACTERISTICS AT SOUTH GEORGIA.  Moorings with three monitoring systems on-board (Water Column Profiler, ADCP and CTD) were deployed 200m below the surface (to mimimise iceberg damage) with instruments looking up (see Figure 6).  The aim of this project was to study krill abundance, and the effects of seasons, tides, water temperature and predators on their abundance and behavior.  The presentation, however, focused on an evaluation of the mooring design.  There were problems with the Water Column Profiler (used to estimate krill biomass using 120 kHz acoustic waves) both due to corrosion and problems with gain settings.  ADCP worked well, though there were not enough particles in the top layers to get velocity readings at those depths.  CTD readings were successful; and suggested that an iceberg hit the deep water mooring, reflected in rapid changes in readings (and the fact that an iceberg was at the deployment site).  Upward looking moorings, though affected by iceberg movement, were not damaged by them.  With modifications to the WCPs, these moorings should work for their stated purpose.  
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	Figure 6.  From meeting abstract volume


J.C Duchene of the Observatoire Oceanologique de Banyuls presented USE OF AN AUTOMATED RECORDING SYSTEM TO MONITOR SPIONID WORMS SPAWNING IN AN SUB ANTARCTIC STATION (KERGUELEN ARCHIPELAGO, TERRES AUSTRALES ET ANTARCTIQUES FRANCAISES).  Driven by the desire to locate egg masses within sediment in a minimally invasive way (in support of studies of the unique larval development of this species), an “actographic” intelligent sensor was deployed at the site.  This system is based upon the real-time analysis of a video signal digitized by a sensor.  In this experiment the system recorded movements and activity, and interpreted those movements to predict where egg masses would lie.  Female worms will emerge from the sediment and collect spermatophores from neighboring males (pseudocopulations).  Thus, areas of high activity between burrows suggest the presence of egg masses (see Figure 7).  The software then mapped activity and successfully predicted the location of egg masses.  This system has also been used to measure swimming ability of polychaete and crustacean larvae and the benthic activity of polychaete, molluscs and econoderms, and could be modified for other applications.  
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	Figure 7.  From meeting abstract volume


Sabine E. Apitz of SEA Environmental Decisions, UK presented IN SITU EVALUATION OF CONTAMINANT BEHAVIOUR IN NEARSHORE SEDIMENTS - RESULTS OF THE PATHWAY RANKING FOR IN- PLACE SEDIMENT MANAGEMENT (PRISM) PROGRAMME.  While critically important to the risk and management of nearshore contaminated sediments, little is known about the relative importance of the various processes that control the fate and behavior of contaminants in such systems.  While predictive models abound, these are generally based upon theoretical values, laboratory experiments, and a handful of field measurements at deep-water sites.  A multi-institutional program has been developed for the in-place quantification of mechanisms, magnitudes and directions of porewater-mediated contaminant transport, their integration with sediment geochemical characteristics, hydrodynamically driven particle transport, and biological processes, and the insertion of field results into a corresponding set of indices that quantify the transport phenomena on a common dimensional scale (see Figure 8).  Ranking and quantifying these pathways on the basis of time-scale has the advantage of allowing disparate processes to be compared by the same standard, and also provides a framework for communicating important information such as the time required for natural recovery, or the expected life-span of a containment strategy. This program has now carried out two field studies, first field deployment was at the mouth of Paleta Creek, San Diego Bay, and the second was in Pearl Harbor, Hawaii.  This paper briefly described the approach for integrating such field-measurable parameters from a site (including results from flux chambers, seep meters, SPI cameras, microelectrodes, in situ flumes, current meters, biodegradation assays, cores and sediment traps) to evaluate the relative importance of various contaminant fate and transport mechanisms in support of evaluations of sediment risk and recovery potential.  
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	Figure 8.  Integration of field-measurable parameters into a contaminant flux equation.  From SERDP briefing materials, Apitz and Chadwick


Robert Kennedy of Environmental Change Institute, Ireland presented SCANNING THE SEAFLOOR: A NOVEL SEDIMENT PROFILE CAMERA.  The now nearly standard methodology of Sediment Profile Imaging (SPI, see Figure 8 above for a SPI image), has difficulties penetrating some sediments due to the prism geometry required to reflect a flat sediment image to the camera.  This limitation has been overcome by using a modified flatbed scanner instead of the usual camera, resulting in a thinner “prism” and a lighter frame (see Figure 9) .  This development should reduce the cost of such deployments, and allow deeper penetrations into sandy sediments.  However, do to pressure on the scanner, depth limitations will exist unless extensive modifications are carried out. Nonetheless, for many sites, this approach promises to provide relatively low-cost, high quality digital images of surface sediments to depths of about 30 m.   
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	Figure 9.  From the meeting abstract volume


Svein Lilleland of FMC Kongsberg Subsea, Norway presented SUBSEA HYDRAULIC PRODUCTION CONTROL SYSTEM OPTIMISATION: A RATIONALE FOR SIZING VALVE TREE ACTUATORS.  This paper described a model for optimizing design of the umbilical for hydraulic controls for subsea oil production control systems.  These systems are a major cost in subsea oil production, but little is known about optimal design parameters.  The models predicted that there is an optimal range of power transmission in the mid-range of load pressures, which drops off at lower and higher pressures.  These models could result in better designs and lower costs.  While this paper is outside the general scope of the rest of the papers (and well outside the expertise of this reviewer), it provided an interesting analysis of the design of hydraulic control systems.

Dr. Anders Tengberg of the Univ. of Copenhagen, Denmark presented HAND HELD COMPUTER TECHNOLOGY, OPTICAL SENSORS AND CAN NETWORKS: THE FUTURE TO MAKE OCEANOGRAPHIC IN-SITU MEASUREMENTS?  The integration of cellular phone and PDA technologies into oceanographic sensors and instruments has resulted in “intelligent” sensors that can be easily programmed and customized, and can store Gbytes of data that can be easily downloaded.  An RDCP (Recording Doppler Current Profiler) and an optical sensor (an oxygen optode) were described.  Some applications of the RDCP include the study of current speed and direction with higher spatial resolution at some levels than others, and referenced to different positions (surface vs. bottom).  This provides flexibility in a dynamic environment (see Figure 10).  Lifetime-based optodes exploit ability of selected substances to act as dynamic fluorescence quenchers.  In this application, excitation of a ruthenium complex with a blue LED results in a red luminescent light.  The intensity and lifetime of this light are a function of the ambient oxygen levels (which quench the signal).  While intensity-based measurements can drift over time, lifetime based measurements do not drift.  Furthermore, the measurements are not stirring sensitive, are stable over years, are relatively insensitive to fouling, have high precision (they measure absolute oxygen concentrations) are less sensitive to temperature and pressure, and they have fast response time.  This technology can be applied to other parameters as well.  This approach has been applied in planar optodes in sediments, but the focus of this presentation focused on a commercial sensor embedded in a “can” with a “handheld computer interface”.  Pei An of 2H Offshore Engineering Ltd., presented STANDALONE SUBSEA DATA MONITORING SYSTEM, which describes a suite of commercial sensors that are designed to monitor conditions on subsea pipes and structures to provide information on temperature, pressure, acceleration, inclination, velocity, linear displacement load, etc. in support of evaluations of structural integrity and design success and modifications.  These sensors are designed to be initialized, deployed and installed via ROV, allowed to collect data for ~1 year, then retrieved, with stored data being then downloaded and analyzed.  For the appropriate applications (long-term monitoring), such systems make more sense than hard-wired systems or those with acoustic modems.  

Ehsan Honaryof the University of West of England presented FLOCK DISTORTION: A ROLE FOR COLLECTIVE ROBOTICS IN OCEAN MAPPING, which described a theoretical approach to coordinating a flock of subsea robots that could autonomously collect data with a limited number returning to the surface for GPS fixes.  Such a flock is not constrained by marker communication range, and can extend the scope of autonomous studies.  J. Blandin of IFREMER presented ASSEM: ARRAY OF SENSORS FOR LONG TERM SEABED MONITORING OF GEOHAZARDS.  This project, funded by EU Framework 5, is designed to monitor and measure geotechnical, geodesic and chemical hazards.  Offshore hazards include slope instability, faults, gas pockets, overpressure, mud diapirs, salt domes, gas hydrates, liquid sands and tsunamis.  In support of mapping and risk evaluation, they are deploying real time seafloor observations dedicated to collect data with low sampling rate and presenting a high level of modularity.  This system is also conceived as a warning system.  
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	Figure 10.  From meeting abstract volume


Two presentations focused on a substantial investment in UK oceanographic research capability.  Gwyn Griffiths of Southampton Oceanography Centre presented THE ISIS ROV: A NEW RESOURCE FOR UK UNDERWATER SCIENCE, and I.G. (Monty) Priede, OceanLab of University of Aberdeen presented THE NEW NERC SCIENTIFIC RESEARCH VESSEL (RRS CHARLES DARWIN REPLACEMENT) - A USER’S PERSPECTIVE.  The ISIS ROV is based on the existing design, the WHOI JASON II.  The tables below show the specifications of the ROV.  Acceptance trials were scheduled for March 2003, and then ISIS and the Atlantis will undertake an expedition.  Isis will return to the UK in the middle of 2003, to be available to UK scientists, if they have a grant that can support the superstructure cost of making the vehicle available for the cruise.  It is the plan that the infrastructure cost of supporting the vehicle should be supported centrally.  However, the UK does not currently have a research vessel in its fleet capable of supporting the Isis ROV.  This issue should be resolved by 2006, when the new UK research ship, described in tables below is completed.  As can be seen, the “concept” Charles Darwin replacement vehicle will significantly enhance the UK research fleet.  This investment, combined with the substantial investment in infrastructure development at Ocean Lab, Aberdeen, provides the United Kingdom with a significant oceanographic research capability.  After initial investments, however, long-term operational support is less clear cut.  It is the expectation that these facilities will be self-supporting in a few years.  In another presentation, A. K. Matsumoto of the Japan Marine Science and Technology Center presented RECENT TECHNOLOGICAL ADVANCES AND THEIR APPLICATION TO DEEP-SEA BIOLOGICAL RESEARCH IN JAPAN.  Japan has a substantial fleet of oceangoing vessels.  These include five oceangoing vessels used as mother ships for deep-diving submersibles or for other scientific surveys.  JAMSTEC has a wide array of equipment, including ten submersibles; five ROVs on AUV and two manned submersibles.  Of particular note are the high sensitivity, high resolution cameras, such as the Super HARP, which is much more sensitive than a CCD camera, providing high sensitivity and resolution images in the deep sea.  It was pointed out that even while some new vessels were being built, others were being decommissioned due to a lack of funding.  
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	From meeting abstract volume


PROCEEDINGS

While both a book and a journal special issue were considered for the publication of meeting proceedings, the final decision was that anyone who wanted to publish a formal paper should do so to the SUT journals directly.  For information, contact Ms. Jean Pritchard, Society of Underwater Technology, jean.pritchard@sut.org.

ASSESSMENT

Although there were some exceptions, the focus of this meeting was clearly on advances in the technology available for underwater research, exploration and activity.  Driven primarily by deep sea research and offshore drilling, Europe is a significant center in the development of underwater technologies, particularly deep sea landers, in situ sensors and instruments.  While there are a few laboratories developing lander technologies, there are clear differences in focus.   For instance, GEOMAR is a geological group, and landers are focused on in situ biogeochemical measurements (http://www.geomar.de/), while the OceanLab is a zoological group and landers are focused on the ecology and behaviour of marine animals (http://www.oceanlab.abdn.ac.uk/).  At least at this conference, the focus of lander technology development is the deep ocean, rather than the near shore environments that are the focus of much of the US work.  Where appropriate, there are examples of significant collaboration between groups.  An example of this is ESONET, an international consortium of 14 partners, representing 9 countries, all with experience in subsea instrumentation and resource management (http://www.abdn.ac.uk/ecosystem/esonet/intro.htm).  The trend in the EU is towards funding cross-European networks on large, need-driven integrated projects.  One example of this is the framework 6 (see Table below).  While such funding provides the opportunity for collaboration and resource sharing, it is still unclear how successful these collaborations will be.  With growing fleets and infrastructure to support (the case in the UK is demonstrated above), there will be pressure to keep national research fleets funded; how these national and cross-European needs will be balanced is yet to be seen.  

Although in the same place at the same time of year, this meeting was much smaller (though broader) than the Benthic Dynamics:  In-situ Surveillance of the Sediment Water Interface conference in Aberdeen in April of 2002 (http://www.abdn.ac.uk/ecosystem/conference/).  The conference proceedings of this meeting were published in a special issue of the Journal of Experimental Marine Biology and Ecology, an international journal published by Elsevier aimed at Marine Physiologists, Biochemists and Marine Ecologists (JEMBE, 285 (2003)).  This conference focused more on the scientific applications of many of the technologies discussed the SUT meeting, but with the narrower focus of the sediment-water interface, and the proceedings provide insight into current research trends in the field, both project-specific and reviews of trends and developments.  

Technology transfer from Universities to commercial vendors is quite successful; particularly in sensor development (Unisense and Aanderaa Instruments are examples of commercial vendors of cutting-edge technologies with active ties to the research community).  Growing links between researchers and the offshore industry (the sharing of ROVs, for example) also provide an opportunity for both scientists and industry.  On the other hand, most of the lander development has focused on relatively pure research issues.  There was some discussion about the potential for integrating simplified landers and sensor suites in support of nearshore environmental assessments, but no proposals have yet resulted.  

Much of what was presented here (acoustic studies of marine mammals, sensor and lander development, etc.) has parallels in US academic and government institutions.  There are significant opportunities of technology transfer, collaboration and the sharing of instruments, landers, ship and ROV time.  While there was only minor US representation at the conference, there are significant collaborative links between oceanographic institutions in the US and Europe.  Although Framework 6 has a focus on enhancing European competitiveness, it also provides for collaboration outside of Europe.  

	FP6 (EC part): Three Main Blocks of Activities

	Block 1: Focusing and Integrating European Research

	7 Priority Thematic Areas
	Anticipating S/T Needs

	Genomics and biotechnology for health
	Information society technologies
	Nanotechnologies and nano-sciences, knowledge-based functional materials, new production processes and devices
	Aeronautics and Space
	Food quality and safety
	Sustainable development, global  change and ecosystems
	Citizens and governance in a knowledge-based society
	Research for policy support


	New and emerging science and technologies

	
	
	
	
	
	
	
	Specific SME activities



	
	
	
	
	
	
	
	Specific international co-operation activities



	
	
	
	
	
	
	
	JRC activities



	
	
	

	Block 2: Structuring the ERA
	
	Block 3: Strengthening the foundations of ERA

	Research and Innovation
	Human resources & mobility
	Research infrastructures
	Science and society
	
	Co-ordination of research activities
	Development of research/innovation policies

	

	FP6 (Euratom part): Specific Programme on Nuclear Energy


Table 1: Schematic overview of the structure of FP6 (( Specific Programme "Integrating and Strengthening the European Research Area", ( Specific Programme “Structuring the European Research Area”, ( Specific Programme “Nuclear Research”)

Appendix 1:  Extended Abstract of Paper Presented

In situ evaluation of contaminant behavior in nearshore SEDIMENTS - Approach for the Pathway Ranking for In-situ Sediment Management (PRISM) program

Sabine E. Apitz1*, D. Bart Chadwick2, Joe Germano3, Joris Gieskes4, Victoria J. Kirtay2, Gerome Maa5, Michael Montgomery6, Ron Paulsen7, Chris Smith7 and Wiebke Ziebis4
1SEA Environmental Decisions, Little Hadham Hertfordshire SG10 6BU, UK; 2SSC San Diego, San Diego CA 92152-6325, USA; 3Germano and Associates, Inc., Bellvue Washington 98006, USA; 4Scripps Institution of Oceanography, La Jolla CA 92093, USA; 5Virginia Institute of Marine Sciences, College of William and Mary, Gloucester Point VA 23062, USA; 6Naval Research Laboratory, Washington DC 20375, USA; 7Cornell University, Riverhead New York 11901, USA; (*drsea@cvrl.org).

While critically important to the risk and management of nearshore contaminated sediments, little is known about the relative importance of the various processes that control the fate and behavior of contaminants in such systems.  While predictive models abound, these are generally based upon theoretical values, laboratory experiments, and a handful of field measurements at deep-water sites.  A multi-institutional program has been developed for the in-place quantification of mechanisms, magnitudes and directions of porewater-mediated contaminant transport, their integration with sediment geochemical characteristics, hydrodynamically driven particle transport, and biological processes, and the insertion of field results into a corresponding set of indices that quantify the transport phenomena on a common dimensional scale.  Ranking and quantifying these pathways on the basis of time-scale has the advantage of allowing disparate processes to be compared by the same standard, and also provides a framework for communicating important information such as the time required for natural recovery, or the expected life-span of a containment strategy. This program has now carried out two field studies, first field deployment was at the mouth of Paleta Creek, San Diego Bay, and the second was in Pearl Harbor, Hawaii.  This paper briefly describes the approach for integrating such field-measurable parameters from a site (including results from flux chambers, seep meters, SPI cameras, microelectrodes, in situ flumes, current meters, biodegradation assays, cores and sediment traps) to evaluate the relative importance of various contaminant fate and transport mechanisms in support of evaluations of sediment risk and recovery potential.  

Transport equations for PRISM assessment

Processes controlling the fate of contaminants in sediment can be broadly categorized into those governed by porewater dynamics, and those governed by solid phase dynamics. The porewater and solid phase compartments are similarly linked by a range of biogeochemical processes. Contaminant migration in porewater can be described from basic principles by the one-dimensional vertical chemodynamic balance,
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where c is the concentration, z is the depth, D is the effective diffusivity (including chemically and biologically driven diffusion), w is the vertical pore fluid velocity and R is a chemical reaction term, which includes degradation, and transformations between porewater and solid phase. In words, this equation states that the time change in concentration in the porewater for a given constituent will be controlled by the relative balance of diffusion, advection across the interface, and chemical reactions within the sediment.

In order to produce a useful form of this balance for interpreting our field measurements, we can integrate over a vertical control volume of depth H, where H is chosen to be a representative depth over which we wish to evaluate the changes in chemical concentration and mass balance. Applying this integration, equation 1 can be rewritten as
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where m is the mass per unit area. The diffusion term on the right can be separated into biological and chemical components and simplified assuming that the diffusion through the bottom of the control volume (at z=H) is negligible. However, for the advective flux term it is unlikely that the chemical transport into the bottom of the control volume is small compared to that exiting at the top, thus both terms must be retained. Finally, the reaction term can be separated into separate terms for degradation (loss) and interaction with the solid phase. Equation 2 then becomes










[image: image16.wmf](

)

H

R

H

R

wc

dz

dc

D

D

dt

dm

S

B

H

B

C

-

-

-

+

=

0

0





(3)

where DC is the chemical diffusion constant, DB is the bioirrigation diffusion constant, RB is the biodegradation term, and RS is the solid phase reaction term. The first term on the right hand side represents the diffusive flux at the sediment-water interface, precisely what is measured using the Benthic Flux Sampling Device (BFSD). The standard BFSD protocol does not distinguish between chemically and biologically mediated fluxes, however, utilizing a bioinhibited BFSD protocol in which oxygen is allowed to deplete, inhibiting bioirrigation, should allow the chemical flux component to be isolated and then the biological contribution to the flux can be estimated by difference. The second term on the right is the differential advective flux at the sediment-water interface and bottom of the control volume. The sediment-water interface term can be quantified directly by use of the Tidal Seepage Meter or by determining the flow with the TSM and the concentration by direct measurement of the porewater. The advective term at the bottom of the control volume can only be determined by measuring the flow with the TSM, and collecting porewater at depth H to determine the concentration. If most of the contaminants are confined to the upper level between z=0 and z=H, then the second term may be negligible. Quantification of the degradation term can be achieved by direct measurement of 14C labeled compound mineralization rates. The solid phase reaction term can be evaluated from two primary perspectives. In the case of the typical historically contaminated site, the solid phase sediment is generally viewed as a source of contaminated material to the porewater. In this case, the reaction term can be viewed as a steady source term that is balanced (at least over short time scales) by the losses due to diffusion, advection and degradation (i.e. dc/dt = 0). In the other common case where a contaminated groundwater plume is migrating through the sediment, the solid phase may act as a sorptive sink for the contaminants. In this case, the source of the contamination is likely to be advection through the bottom of the control volume, which will in turn be balanced by interfacial losses and degradation. Thus depending on the site and the contaminant characteristics, RS may act as either a source or sink, however if we assume that steady state conditions prevail, then it will simply be the balancing term and need not be directly quantified. 

In a similar way, the solid phase dynamical balance is governed primarily by the balance between deposition and erosion. If erosion exceeds deposition, the sedimentation rate is negative, and contaminated sediment may be removed from the site via this process. On the other hand, if deposition exceeds erosion, then the sedimentation rate will be positive and the site will accumulate new material. If this material is relatively clean, then this sedimentation may result in a perceived “loss” of contaminated material from a given control volume, since the more contaminated material will be buried, and thus effectively moved through the bottom of the control volume at depth H beneath the sediment-water interface. Indices for solid phase transport phenomenon can be characterized in a similar way as those for porewater dynamics. The erosion rate of a sediment (mass per unit area) can be parameterized as
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where τ is the bed shear stress, τc is the critical shear stress for erosion, and KE is a bed dependent erosion rate constant; these parameters can be evaluated with in situ flumes. Given the solid phase sediment contamination concentration, the mass flux of contamination per unit area due to erosion can be calculated as
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where cS is the solid phase concentration.  Here the site-specific bed parameters KE and τc can be determined directly from the in situ flume measurements, and the sediment concentration from traditional solid phase chemistry.  Actual shear stress over time can be predicted from in situ current meters as well as an evaluation of storm impacts.

In the case of sedimentation of clean material into the layer of depth H we can assume that contaminated material is displaced through the bottom of the control volume as clean material is added at the top and parameterize the flux as 
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where S is the sedimentation rate in mass per unit area (evaluated with a combination of sediment age dating and trap results), and cS is the solid phase concentration of the material that is settling onto the bed. The sedimentation rate can be estimated from either age-dated cores, or from sediment traps.

Taking the most common case for a historically contaminated site, assuming steady state, and redefining terms based on measured parameters, equation 3 can be rewritten as follows
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For a given site, it is possible to compare these terms directly as flux rates. However, some additional insight can be gained by normalizing the terms to a scale that is relevant to risk reduction or recovery for the site. The risk/recovery level could be based on any number of criteria including water quality standards, sediment quality standards, or site specific cleanup levels (for either sediment or porewater). An equivalent time scale can also be adopted for the site based on a target recovery time. A desired recovery rate (with the same dimension as our fluxes) can then be defined as




[image: image21.wmf](

)

R

C

R

t

H

c

c

t

m

R

-

=

D

D

=







(11)

where c is the current concentration in the sediment, cC is the target level for cleanup or risk reduction and tR is the target recovery time scale. Normalizing all flux terms to RR results in a set of indices that reflect the relative contribution of various transport processes to site recovery or risk: 
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These indices then provide one non-dimensional yardsticks for ranking of important processes that can influence the fate of in-place sediment contamination. Larger indices then suggest more dominant pathways; pathways with I≥1 may represent an important process for recovery (or exposure).  Of course, there are substantial risks in predicting long-term (years to decades) contaminant behavior based upon short-term (minutes to days) measurements.  Furthermore, there are limitations in examining or predicting changes over time from equations developed assuming steady state.  However, these problems exist for all current approaches to these issues.  Currently, models try to predict recovery or exposure over time based either on short-term laboratory measurements (even less realistic, but more controllable, than field measurements) or based upon order-of-magnitude estimates based upon theoretical approaches.  This integrated field approach allows for the evaluation of multiple processes simultaneously and in common terms.  This provides new insight into the relative importance of these processes in near-shore sediment environments, from which we can then develop both more detailed models and more focused field studies.  A critical assessment of the utility of this approach in sediment management, and a refinement of data evaluation methods as the project progresses, is one of the fundamental goals of this project.

Appendix 2:  Scientific Programme

THURSDAY 3rd April 2003

19.00 - 21.30 Registration and Ice Breaker

see page opposite for details

FRIDAY 4th April 2003

09.00 Registration Coffee & Exhibition

09.30 OPENING ADDRESS by Moya Crawford, Managing Director, DeepTek Ltd

09.50 SESSION ONE: TECHNOLOGY

HOLOMAR: A HOLOGRAPHIC SYTEM FOR SUBSEA RECORDING AND ANALYSIS OF PLANKTON AND OTHER MARINE PARTICLES

Dr John Watsona S Alexandera, V Chalvidanb G Craiga, A Diardc, GL Forestid, S Gentilid, DC Hendrya, PR Hobsone, RS Lampittf, H Nareida, JJ Nebrenskye, A Pescettog, GG Pieronid MA Playera, K Sawf, S Serpicog K Tippingf A Truccog aAberdeen University,UK; bHolo 3, France; cQuantel, France; dUniversity of Udine, Italy; eBrunel University, UK; fSouthampton Oceanography Centre, UK; gUniversity of Genova, Italy

10.15 BENTHIC LONG-TERM OBSERVATORIES BASED ON LANDER TECHNOLOGY

Olaf Pfannkuche, Peter Linke and Stefan Sommer GEOMAR Research Centre, Germany

10.40 Coffee, Exhibition and Posters

11.00 DEVELOPMENTS TO A DEEP SEA LANDER FOR STUDIES WITHIN THE OXYGEN MINIMUM ZONE OF THE PAKISTAN MARGIN.

O.C. Peppe, RB Barr, E Breuer & W.T. Thomson, Scottish Association of Marine Science, Dunstaffnage Marine Laboratory, UK

11.25 SESSION TWO: AUVs

AUV FRESH WATER DISTRIBUTION SURVEYS IN DEEP WATER

Oyvind Tangen Odegaard, Martin Ludvigsen & Bjorn Sortland, NTNU, Norway

11.50 SURVEY AUTONOMOUS SEMI-SUBMERSIBLE (SASS) TECHNOLOGY - Hugh Young.

12.15 IN SITU DEEP-SEA SCIENCE: HOW INDUSTRIAL COLLABORATIONS USING ROV'S CAN BENEFIT THE SCIENTIFIC COMMUNITY Ian Hudson1, Tammy Horton1, David S.M. Billett1 and Russell Putt 2: 1DEEPSEAS Benthic Biology Group, Southampton Oceanography Centre, UK; 2 BP Exploration, Aberdeen

12.40 Discussion

13.00 Lunch, Exhibition and Posters

14.00 SESSION TWO:

MAPPING & RECORDING BIOLOGICAL DATA

MAPPING OF DEEP WATER CORALS AND FISHERY IMPACTS IN THE NORTH-EAST SKAGERRAK, USING ACOUSTICAL AND ROV SURVEY TECHNIQUES Tomas Lundalv and Lisbeth Jonsson, Goteborg University, Sweden

14.25 MARINE MAMMALS AS PLATFORMS FOR OCEANOGRAPHIC SAMPLING: SALINITY AND TEMPERATURE STRUCTURE OF A FREEZING ARCTIC FJORD MONITORED BY WHITE WHALES (DELPHINAPTERUS LEUCAS) Mike Fedak1, Christian Lydersen2, Ole Anders Nøst2, Phil Lovell1, Bernie J. McConnell1, Tor Gammelsrød3,4, Colin Hunter1, Kit M. Kovacs2 1NERC Sea Mammal Research Unit, Scotland. 2Norwegian Polar Institute, Norway, 3UNIS, Norway. 4University of Bergen, Norway

14.50 WHALE WATCHING - Speaker to be advised

15.10 Tea, Exhibition and Posters

15.30 MOORINGS TO INVESTIGATE INTRA-ANNUAL VARIABILITY IN KRILL ABUNDANCE AND WATER-MASS PHYSICAL CHARACTERISTICS AT SOUTH GEORGIA Peter Enderlein, Doug Bone, Eugene Murphy, Andrew Brierley and Mark Brandon, British Antarctic Survey

15.55 USE OF AN AUTOMATED RECORDING SYSTEM TO MONITOR SPIONID WORMS SPAWNING IN AN SUB ANTARCTIC STATION (KERGUELEN ARCHIPELAGO, TERRES AUSTRALES ET ANTARCTIQUES FRANCAISES) J.C Duchene, Observatoire Oceanologique de Banyuls 

16.20 DISCUSSION

SATURDAY 5th April 2003

09.00 Coffee, Exhibition and Posters

09.30 SESSION THREE: SEDIMENT

IN SITU EVALUATION OF CONTAMINANT BEHAVIOUR IN NEARSHORE SEDIMENTS - RESULTS OF THE PATHWAY RANKING FOR IN- PLACE SEDIMENT MANAGEMENT (PRISM) PROGRAMME. Sabine E. Apitz1,7*, D. Bart Chadwick1, Joe Germano2, Joris Gieskes3, Victoria J. Kirtay1, Gerome Maa4, Michael Montgomery5, Ron Paulsen6, Chris Smith6 and Wiebke Ziebis3 1SSC San Diego, USA; 2Germano and Associates, Inc., USA; 3Scripps Institution of Oceanography, USA; 4Virginia Institute of Marine Sciences, College of William and Mary, USA; 5Naval Research Laboratory Washington, USA; 6Cornell University New York; 7SEA Environmental Decisions, UK 

09.55 RECOVERY OF WIDESPREAD DOCKYARD DEBRIS - HOLY LOCH, SCOTLAND 1998-2001 Steve Sansom, Sonar Research and Development Ltd. 

10.20 SEASONAL VARIATION OF DISSOLVED ORGANIC MATTER, AND OF NITROGEN AND CARBON RECYCLING RATES, IN A COASTAL MARINE SEDIMENT Per O.J. Hall, Angela Landén and Stefan Hulth, Göteborg University

10.55 Coffee, Exhibition and Posters

11.20 SCANNING THE SEAFLOOR: A NOVEL SEDIMENT PROFILE CAMERA Robert Kennedy, Environmental Change Institute, Ireland

11.45 NITROGEN CYCLING IN DEEP-SEA SEDIMENTS OF THE POR CUPINE ABYSSAL PLAIN (PAP), N.E. ATLANTIC J. Brunnegård1, S. Grandel2, P. Hall1, H. Ståhl1 and A. Tengberg1 1Göteborg University, Sweden; 2Christian-Albrechts Universitat zu Kiel, Germany

12.10 DISCUSSION

12.30 Lunch, Exhibition and Posters

13.30 SESSION FOUR: TECHNOLOGY CONTINUED

LANDERS TECHNIQUES FOR DEEP OCEAN BIOLOGICAL RESEARCH Phil Bagley, Alan Jamieson, David Bailey & Monty Priede

Aberdeen University

13.55 SUBSEA HYDRAULIC PRODUCTION CONTROL SYSTEM OPTIMISATION: A RATIONALE FOR SIZING VALVE TREE ACTUATORS Svein Lilleland1, Joergen Finneby2 and Espen Trosthoel2 1 FMC Kongsberg Subsea, Norway, 2 Buskeruid College

14.20 HAND HELD COMPUTER TECHNOLOGY, OPTICAL SENSORS AND CAN NETWORKS: THE FUTURE TO MAKE OCEANOGRAPHIC IN-SITU MEASUREMENTS? Dr. Anders Tengberg1, Helge Minken2 and Jostein Hovdenes2, 1Univ. of Copenhagen, Denmark, 2Aanderaa Instruments A/S, Norway

14.55 Tea, Exhibition and Posters

15.15 THE ISIS ROV: A NEW RESOURCE FOR UK UNDERWATER SCIENCE Gwyn Griffiths and Paul Tyler, Southampton Oceanography Centre

15.40 ALTERNATIVE METHOD FOR SHORT RIGID JUMPER RETAINING  Luca Forzani, ENI Agip Division

16.15 THE NEW NERC SCIENTIFIC RESEARCH VESSEL (RRS CHARLES DARWIN REPLACEMENT) - A USER’S PERSPECTIVE  I.G. (Monty) Priede, OceanLab, University of Aberdeen

16.40 DISCUSSION

17.00 Close

19.30 for 20.00 CEILIDH - Central Refectory, Aberdeen University

09.00 Registration Coffee & Exhibition

09.30 SESSION FIVE: SURVEY/MONITORING

COMPARISON OF 3D SEISMIC REFLECTION AND MULTIBEAM SONAR SEAFLOOR SURFACE RENDERS FOR DEEP WATER ON THE SCOTIAN SLOPE: IMPACT ON SEAFLOOR PROCESS INTERPRETATIONS AND GEOHAZARD EVALUATION David C. Mosher1, Tony LaPierre2, Stephen Bigg2, Robert C. Courtney1 and Garth Syhlonyk3 1Geological Survey of Canada - Atlantic, 2 Hydrosearch Canada, 3 EnCana Corporation

09.55 DEEPWATER ENVIRONMENTAL BASELINE SURVEYS – A NEW APPROACH David Bingham M.R.I.C.S., BP; Dr. Edward Salter, BP and Dr. John P. Hartley, Hartley Anderson Ltd.

10.20 STANDALONE SUBSEA DATA MONITORING SYSTEM. Pei An, Neil Willis & Steve Hatton, 2H Offshore Engineering Ltd

10.45Coffee, Exhibition and Posters

11.10 FLOCK DISTORTION: A ROLE FOR COLLECTIVE ROBOTICS IN OCEAN MAPPING Ehsan Honary, David McFarland and Chris Melhuish, University of West of England

11.35 MONITORING ENVIRONMENTAL VARIABILITY AROUND COLD-WATER CORAL REEFS USING A BENTHIC PHOTO LANDER JM Roberts, OC Peppe, DJ Mercer, WT Thomson, JD Gage and DT Meldrum, Dunstaffnage Marine Laboratory, Oban, UK

12.00 HIGH SPEEDS AT HIGH PRESSURE; STUDIES OF SPRINTING CAPACITY OF DEEP SEA ANIMALS David Bailey, Alan Jamieson, Phil Bagley, A Tsellipedes & Monty Priede University of Aberdeen

12.25 ASSEM : ARRAY OF SENSORS FOR LONG TERM SEABED MONITORING OF GEOHAZARDS J. Blandin1, R. PERSON 1, J.M. Strout2, P. Briole 3, G. Etiope 4, M. Masson 5, C.R. Golightly 6, V. Lykousis 7, G. Ferentinos 8. 1IFREMER, 2NGI, 3Institut de Physique du Globe de Paris (IPG), 4(INGV) Italy, 5CAPSUM, Germany, 6THALES Geosolutions SA/NV Belgium, 7National Centre for Marine Research, Greece, 8University of Patras, Greece

12.50 DISCUSSION

13.30 CLOSING REMARKS
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