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The development of the AQUILA (AQUeous Integrated Lander) system, for monitoring the marine environment, was a collaborative project between the Department of Oceanography (now School of Ocean and Earth Science, Prof. M B Collins) and the Faculty of Engineering (Dr R W Wood), Southampton University, a manufacturer of oceanographic instrumentation (WS Ocean System Ltd) and HR Wallingford Ltd.

The AQUILA system was developed to study the hydrodynamics and sediment transport processes within the bottom boundary layer (up to 2m from the seabed).  The main objective was to contribute to the study of sediment transport in complex environments where there are irregular bedforms, combined interactions of secondary currents, and heterogeneity of seabed sediments.  The ultimate aim of AQUILA is to advance the knowledge on the interaction of sediment with combined flows (currents and waves) through increased data quality.

The system has been successfully developed and field trialled, both under controlled dock side conditions and during an extended North Sea deployment.
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1.
Introduction

The development of the AQUILA (AQUeous Integrated Lander) system, for monitoring the marine environment, was a collaborative project between the Department of Oceanography (now School of Ocean and Earth Science, Prof. M B Collins) and the Faculty of Engineering (Dr R W Wood), Southampton University, a manufacturer of oceanographic instrumentation (WS Ocean System Ltd) and HR Wallingford Ltd.

The AQUILA system was developed to study the hydrodynamics and sediment transport processes within the bottom boundary layer (up to 2m from the seabed).  The main objective was to contribute to the study of sediment transport in complex environments where there are irregular bedforms, combined interactions of secondary currents, and heterogeneity of seabed sediments.  The ultimate aim of AQUILA is to advance the knowledge on the interaction of sediment with combined flows (currents and waves) through increased data quality.

AQUILA provides a ‘state-of-the-art’ monitoring system, which can be deployed in most marine environments.  Simultaneous measurements of currents, tidally-and wave-induced sea surface variations, suspended sediment concentrations, conductivity, temperature, variations in seabed height, and the relative position of the Lander can be made.  Such data permit the investigation of the turbulent and mean processes controlling sediment resuspension and transport.  

The Lander was designed and constructed by the Central Design Services of the Faculty of Engineering, following analysis of hydrodynamic flows around the frame modelled by the Computational Engineering Design Centre.  Instrumentation and electronics have been supplied and integrated by WS Ocean Systems Ltd.  HR Wallingford Ltd has supported the research on behalf of the Ministry of Agriculture, Fisheries and Food who were part funders along with NERC through their Joint Research Equipment Initiative.

2.
Development considerations

AQUILA is a second-generation benthic platform which has been developed on the basis of the experience gained with the use of TOSCA (Transport of Sediment Combined Apparatus).  TOSCA was developed by Southampton University for the measurement of shingle movements, under the combined action of waves and currents.

The AQUILA system design has also considered the development of other platforms: STABLE (Humphrey, 1987); RALPH (Cacchione et al., 1979, 1994); and ALICE (Green et al., 1998).

The starting point with regard to the measurement capabilities was to be able to obtain high-frequency measurements in order to represent turbulent processes.  The development criteria may be summarised as:

· a requirement for high-frequency measurements close to the seabed

· minimisation of the flow interference at the sensors, from various parts of the AQUILA structure, including a retractable instrumentation arm

· stability and rigidity of the platform 

· power capacity for a deployment of at least 15 days using all instruments

· size and weight to permit deployment from a medium-sized vessel, equipped with an A-frame, such as a fishing vessel

· deployment over the majority of the UK continental shelf (ie water depths upt to 50m but not including the breaker zone.

3.
Instruments

The instrumentation selected to be incorporated into the system includes:

· an Acoustic Doppler Velocimeter (ADV) to measure the turbulent and mean flow structure close to the seabed

· three electromagnetic current meters (EMCM’s) to measure the vertical profile of the horizontal and vertical current velocities up to 1.5m above the seabed

· an altimeter to measure the relative distance between the seabed and the sensor and indicating the presence of any small-scale migrating beforms

· 3 Optical Black Scatter sensors (OBS) to measure suspended sediment concentrations in the water

· a pressure sensor to measure tidally- and wave-induced sea surface variations.

4
Lander design

The final design of the Lander is a frame 2.8m high with a 2.7m footprint diameter.  The frame consists of a top rig and three supporting legs of 8.8cm in diameter.  The retracting arm is able to adopt two positions: ‘parked’ (vertical stem close to one of the supporting legs) or ‘deployed’ (stem 1m away from the main frame at 120( angle from its initial position).  The frame can be used with the retractable arm, or with an instrument stem in the centre of the frame.

The retractable arm consists of a ladder type construction to improve stability.  The deployed position of the arm is outside the three legs of the Lander frame.  This position gives the least amount of flow interference.  Movement of the arm is electrically powered.
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Figure 1
The AQUILA frame showing the two possible mountings for the instrument arm

5.
Field trials

The individual instruments were lab tested and the complete system was tested in Southampton docks.  Following these successful tests, the system was deployed for 8 days on the Norfolk Bank in the Southern North Sea as part of the AUTOSUB cruise during August 1999.  The Lander and instruments both performed successfully with useful data being downloaded after retrieval.

6.
Conclusions – The objectives of this research have been fully achieved

The AQUILA system can measure simultaneously currents, tidally-induced sea surface variations, suspended sediment concentrations, conductivity, temperature of the overlying waters, variations in seabed height, and the relative position of the Lander.  The majority of the instruments record at high-frequency (5Hz to 25Hz).

The measurement capabilties of the AQUILA system are summarised below:

· Large quantities of high-frequency measurements (25Hz) can be obtained and, on this basis turbulent processes in the benthic boundary layer can be studied

· The sensors can be located on a retractable arm reducing the influence of wakes shed from the legs of the frame

· The new technology ensures that the measurements are more extensive, accurate and reliable than earlier systems

· The Lander and the instrumentation can be deployed in water depths up to 50m, making deployments possible over the UK/European inner continental shelf

· The power capacity of the system permits 15-30 days of field deployment (based on a ‘typical’ data acquisition programme)

· The size of the instrumented-tripod is such that its deployment will be possible from medium-sized vessels, with an A-frame

· The activation of the retractable arm is independent and programmable; this permits easy deployment without the need of divers

The future contribution of the AQUILA Lander will be to improve greatly the detailed knowledge of hydrodynamic processes near the seabed.  In particular, AQUILA should assist in the understanding of sediment interactions with the combined effects of currents and waves.
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