CABLED FOCE SYSTEM DESIGN

FOCE was first envisioned as a system specifically that could take advantage of cabled ocean observatories. The United States national ocean science community began looking at permanent ocean cables to bring high-speed communications and substantial power to the ocean floor [1,2]. Since that time the push for more capable cabled observatory systems has continued [3]. MBARI proposed a cabled observatory test site for the development of instruments and techniques. MBARI was awarded a grant by the National Science Foundation (NSF) to build the Monterey Accelerated Research System (MARS)[4] shown in Figure 1. 
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Fig. 1: MARS Cabled Observatory Site in the Monterey Bay 


The cable delivers gigabit Ethernet and 10 kW of power to eight main ports which can be connected to by wet-mate connectors. The systems main node will allow for extension nodes to be attached so that multiple experiments may use a main node port. This also allows for the experiments to be remotely located up to 5 km away with a single extension cable and expansion node. The experimental node is located at a site on a fairly smooth plateau at a depth just over 900 meters. The temperature is very consistent at that depth as are the currents that have a direct correlation to the tidal signature. The operational numbers we have selected are 2( C and a current field varying form 25 cm/sec to -25 cm/sec. 

As previously stated the FOCE preliminary designs and tests to date have shown the system concept is viable. The only limiting factor is the supply of CO2 required for a selected volume of ocean to be acidified for a science application. The driving factors for successful FOCE installations are the environmental factors such as temperature, currents, initial background pH, and so forth. The time delay required for a complete reaction is the main design driver for the mechanical portion of a FOCE system. Assuming a reaction is considered complete at any time past 2( the system can be managed by creating delay loops based on the Zeebe and Wolf-Gladrow model. The result is a system that is relatively simple with one dominant component, shown in Figure 2, that is the source of CO2 to create the future world acidified ocean as predicted by the current models. 
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Fig. 2: FOCE shown as deployed on the MARS system with a CO2 delivery system

The FOCE system currently under construction to meet the functional criteria set by science is simple in construction. The system is being deployed in two phases for the purposes of engineering test. The dominant material for the system is inexpensive plastic. The first phase consists of testing the components previously untested in FOCE prototypes. Those are mostly the interface elements that bring FOCE control to the desktop. The controls as designed are based on a PC-104 computer with data storage environmental, and communications boards.  The Phase 1 system will demonstrate Internet control by science over the FOCE system and the ability to manage the currents and keep them within the specified regime. The system will be simplified by only completing a unidirectional section. The cruciform version shown (Fig. 2) is intended to allow for currents from any direction and keep the most natural conditions for the species under study in the control volume. The control volume and the requirement to keep the space as natural as possible to the surrounding area is an important concern. 

Years of experience diving MBARI ROVs in the Monterey Bay have illustrated that the detritus normal to the area falls at a very slow rate. Consulting with biologists at MBARI a determination was made that creating a flume type design would be suitable to early modes of testing. This addressed a fundamental concern on how to constrain fauna that would otherwise wander away potentially. The design also incorporates having an exposed underside allowing for the normal transit of bottom sediments and the associated nutrients. 

The driving equations for the control system are based on the kinematics of CO2 chemistry in the environment. To accomplish this the FOCE system must have knowledge of Salinity, Temperature, Pressure, and local pH. A substitute of pCO2 can be used to calculate local pH, which is the approach the FOCE system uses. Better sensor stability and reliability is readily available to provide the necessary the necessary readings. Currently pH sensors suitable for the environment of the MARS cable observatory are not proven to be reliable enough. 


The present FOCE design for the MARS cabled observatory includes specific features for science applications. The volume of the controlled area, approximately 1m x 1m x .5m in height, has a science port for power and communications to accommodate custom science instrumentation. The volume also includes a camera and lighting system to take still photographs on a scheduled basis as well as video based on science control. Phase 1 will not include pan and tilt for the camera but this will be included in Phase 2. 
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