SECOAS: The oceanographic requirement – a concept note

Chris Vincent (ENV, UEA)

This note discusses some of the issues surrounding modern measurement in the marine environment; it is limited to coastal and estuarine applications for two reasons. Most commercial and research marine activities now take place close to centres of population where there are economic and social benefits (so the number and type of applications, and sensor units likely to be needed, are high), and to eliminate problems associated with high pressures (large areas of the continental shelf have depths < 50m)
. In addition to the high-pressure, deep-sea applications have a number of other particular requirements, and sensor unit numbers are likely to be low. 

Introduction 

SECOAS involves a new way of thinking for coastal oceanographers, marine scientists, managers and engineers; a change in direction, moving away from large expensive sensor packages to small, self-organising, collegiate systems. The advantages of this are numerous: large packages are expensive to build, maintain and deploy; they need to be protected against trawlers, they must be recovered (usually essential, to retrieve the data). Rarely are more than two or three such systems available for a study (usually only one!), so site selection can be problematic. They have many expensive sensors, high precision and accuracy, low temporal drift and compensated for temperature and pressure effects – an example of this is the pressure sensor where the ‘Roll-Royce’ is the ParoScientific DigiQuartz sensor costing £5K; 95% as good is the Druck sensor costing £1K while strain-gauge pressure sensors can be obtained for very much less. 

Ironically, due to temporal and spatial variability in natural coastal systems, high precision is not necessary for many parameters. For example Vincent et al, (2003) examined the uncertainty in measurement of suspended sediment concentration by an optical backscatter sensor (OBS) resulting from the effects of time-varying sediment size and concluded than ±10% was the best that could be achieved. 
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Figure 1. The CEFAS (DEFRA Centre for Environment, Fisheries and Aquaculture Sciences) benthic lander. This system, called MINIPOD despite standing 2.5m tall, has a comparatively modest set of sensors is available for hire and costs around £40K for a month-long deployment, plus ship time for deployment and recovery (£2.5-4K/day). Additional costs are associated with deploying ‘guard buoys’ to deter fishing activities and for insurance. 

The MINIPOD is one of the more basic of the benthic landers currently in use.

Applications

Impacts, monitoring, model evaluation, discovery.

· Maintenance and capital dredging (dispersion of fine sediment ‘plumes’ around both dredging and dump-site, impacts on water quality, benthic ecology, local fisheries, rates of sediment infill), 

· Aggregate extraction of offshore sand and gravel (plumes impacts, dispersion, wave and current disturbance effects of extraction pits, effects on nearby beaches and banks, model verification associated with licencing of extraction areas) 

· Pollution dispersion (range, distribution and concentration) 

· Impacts of structures (ports and harbours, breakwaters, wind farms etc., effects on tidal currents, waves, sedimentation, beaches, coastal erosion; verification of numerical modelling)

New SOCAS Pods

The Initial Concept was to scatter small, cheap, simple sea-bed Pods (Level 1) over an area of oceanographic interest; typically 30-50 Pods, each with under-water communications (figure 2). A smaller number (3-5) of more complex surface buoys (Level 2) would communicate, control, monitor and organise the Level 1 Pods, interact with the other Level 2’s (radio) and with the outside world. The inclusion of underwater communications will not be possible during this phase of SECOS (we need other partners, more resources and more time), but we need to keep this objective in mind. It was agreed, therefore, to concentrate on radio communications between Level 1 Pods, restricting us to systems that are sub-aerial for at least part of the time (i.e. on the surface, sometimes-on-surface or on the sea-bed of periodic-drying sandbanks or estuary applications).

a) Bottom-mounted Sub-aerial Pods (BSPs), – e.g. top of Scroby Sands.

For use in locations that periodically dry. These will have a high probability of recovery and are easy to deploy. The major disadvantage is the shallow water making the BSPs vulnerable to storm-wave activity, scour and burial, so they will need relatively-heavy, low-profile frames. BSPs may not dry on every tide (e.g during neap tides, or during storms because of surge or set-up). Applications will limited to macro-tidal and meso-tidal areas (tidal range > 2 metres). Estuarine or sandbank locations are likely.
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Schematic of a BSP with indicative dimensions etc

b) Tethered Pods (TPs)

In most coastal environments and for most applications the Pods will not dry. Freely-floating Pods move too rapidly (tidal excursions
 can be up to 5km and the residual drift 0.5km/tide) and would involve position-fixing. TPs must have 2 components (figure 3), the surface buoy for communication and a bottom sensor package (same as the BSP), connected by a cable. It is likely that communication with TPs will only be possible around slack-water as tidal currents will drag the surface buoy horizontal; [we might consider incorporating this into the TP’s design by including a pressure sensor in the surface buoy to measure the depth to which it is dragged as a measure of current speed!]. The low profile of the surface buoy (we might be able to get the aerial top to a height of 0.75m) may mean communication is possible only during moderate/slight sea conditions.  Recovery (pollution-reduction) would rely on a simple water-soluble release, after which the TP would drift to shore (a reward might be offered to get public or fishermen to return TP)

Sensors

Where possible Pods should have no moving parts (these tend to foul) although we might move to a tidal-current driven impeller to power the underwater communications system; it could double as a current meter. Sensors should be relatively cheap (so we should begin with a basic suite consisting of pressure sensor, optical backscatter sensor (OBS) and a thermistor,) and require low power. Later we may be able to add salinity and/or a simple pulse-coherent acoustic-Doppler current measuring device, which could include backscattered intensity (for sand concentration in water). 

Priority 
a) Pressure; mean values will give tidal height (water depth), variance gives wave height, other statistical moments of the time-series provide wave period etc. Range 0-50 decibars


b) OBS for suspended sediment (rapid-fouling problem). 


c) Thermistor. Range -5o – 35oC


d) Salinity


e) ‘ADV+ABS’ – would replace OBS

Sampling regimes:

Mode selection by Pods or by external command.

Background mode: Initial configuration – all Pods operating, calm conditions, low power consumption. 1Hz sampling, 128s-burst each hour for sensors a) and b). Single measurement from c), d). Calculate and store statistical moments. Store time-series (if power OK), Use first moment of pressure to decide on mode for next sampling. Communicate moments only, time-series transmitted on command only (e.g if a quality query). Over-write time-series before communication if necessary.

Intermediate mode: Waves but not storm (intermediate conditions) or filling in for Pods nearby that are not operating (data of ‘higher’ value). 1Hz sampling, 256s burst each hour for all sensors. Calculate and store statistical moments. Store time-series (if power OK) of a) and b). Use first moment of pressure to decide on mode for next sampling. Communicate moments, time-series if power and communication time available. Only overwrite time-series when data successfully transmitted, unless storm mode initiated.

Storm mode: High sampling rates. 2Hz sampling, 512s burst every 30 minutes for all sensors. Calculate and store statistical moments. Store time-series (if power OK). Use first moment of pressure to decide on mode for next sampling. Communicate moments, time-series if power and available. Only overwrite after transmission.

Storage priorities

Maximise use of memory (consistent with power availability) until data successfully transmitted. Never overwrite statistical moments until transmitted. Storm time series have priority and may overwrite any other (non-transmitted) data if needed. If only un-transmitted storm time series available discard thermistor time series, then overwrite every other series (go to 1 hourly sampling).

Power

If power gets low, conserve by ‘dropping down’ one mode (or more) to ensure sufficient power to transmit any stored data.

Reference

Vincent C.E, S.J. Bass and J.M. Rees (2003) Uncertainties in the estimation of suspended sediment concentration due to variations in sediment size. Proceedings of Coastal Sediments ’03, Clearwater, Florida. (on CD, pdf, 11pp)

	Mode
	Sampling rate (Hz)
	Number of samples in burst
	Inter-burst interval
	Calculate moments m0, m1, m2, m3
	Transmit moments
	Time series
	Transmit time series
	Low Power

	Background
	1
	128
	1 hour
	Always for pressure and OBS. Single temperature
	Always (priority 3)
	Pressure and OBS. Overwrite as needed. 
	Transmit only on command.
	No data collection

	Intermediate
	1
	256
	1 hour
	Always for all sensors
	Always (priority 2)
	Overwrite with storm data before transmission if needed
	Low priority
	Use background sampling. Transmit moments only

	Storm
	2
	512
	30 minutes
	Always
	Always (highest priority 1)
	Overwrite only after transmission 
	Yes (priority 4)
	Use intermediate sampling. Transmit moments only
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Surface moored buoy, VHF comms (shore and/or other buoys), u/w comms and control of sensor packages, data storage. 





Basic disposable sensor packages (e.g temp, turbidity). Limited storage and power. u/w comms, Deployed from surface.





Enhanced disposable sensor package (e.g. temp, pressure, turbidity, current). Limited storage and power, u/w comms. Deployed from surface.





Scroby  Sands





Shoreline





Wind turbines











� Water pressure increases by 1 decibar/m (1 atmosphere/ 10m), so for deep water applications there are major costs in protecting systems against pressure effects. 


� The tidal excursion is the distance moved between one slack water and the next, due to tidal curents.





