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I. Introduction


A. NSF is planning to invest several hundred million dollars in the infrastructure needed to install ocean observatories. These observatories include regional cabled systems, coastal systems and open ocean moored and cabled systems.  This paper describes the state of the art in mooring systems for ocean observatories, the work that is ongoing to verify the performance of these designs, and discusses future directions in ocean observatory moorings.


B. While ocean moorings have been used for decades to monitor the ocean environment, there are a number of problems that must be solved before they can be made reliable and capable enough to be used for long-term observatory science. The issues include:



1. Reliability over several years with infrequent (yearly) maintenance



2. Reasonable cost for components and logistics



3. Serviceability using UNOLS ships and low cost ROVs



4. Real-time data from the seafloor and the water column at moderate to high 

                              rates



5. Power delivery to the seafloor with continuous capacities of tens to hundreds

                              of Watts



6. Large monitoring footprint on the seafloor and high vertical resolution in the

                              water column


C. The paper is organized by section where the Introduction describes the context in which moored buoys will be used for ocean observatory science, Section 2 summarizes the design issues that must be addressed when developing single point moorings for deepwater applications, Section 3 presents the mooring designs that are presently being used or investigated for observatory applications, Section 4 presents several concepts that may be future observatory approaches, and the Discussion section summarizes where we are today and the progress to be expected over the next few years. 

II. Design Issues for Single Point Surface Buoy Moorings

A. Most of the deepwater experience in the oceanographic community is with single point surface buoy moorings. The design issues for these systems include compliance, bending relief, material selection, cable design, fishbite protection, and servicing. 


B. Compliance approaches



1. Geometric compliance



2. Material compliance



3. Copper and fiber stretch limits


C. Bending relief



1. Low tension



2. High tension (at buoy and anchor)


D. Material considerations



1. Galvanized steel



2. Vectran



3. Spectra



4. Kevlar



5. Other high modulus materials



6. Polyester



7. Polypropylene



8. Nylon


E. Cable design options



1. Center conductor core



2. Center strength member


F. Other issues



1. Fishbite protection



2. Cable float attachment and bending relief



3. Back-up flotation, acoustic releases and servicing issues  

III. Moored Buoy Observatory Designs and Performance


A. Deepwater single point designs for real-time data telemetry to shore and power delivery to the seafloor



1. MOOS



2. WHOI-EOM



3. Harris


B. Deepwater designs for real-time data telemetry to shore



1. Acoustically linked




a. Nootka




b. NEMO



2. Partial water column




a. PMEL- TOGA/TAO




b. NDBC




c. STEM




d. Other



3. S-Tether




a. Lab Sea




b. MMPT


C. Deepwater designs for periodic data telemetry to shore



1. Ultramoor



2. Proudman



3. Geostar


D. Shallow water designs for real-time data telemetry to shore 



1. Hardwired to the bottom- power and data- Gumby 



2. Acoustically linked- Mass Bay, SeaNet



3. Partial water column- TABS, etc.

IV. Future Moored Observatory Concepts


A. Large trimoor spar buoys for semi-permanent applications requiring high data

                  throughput and high power delivery to the seafloor


B. Large single point discus moorings for applications requiring high data rates and high

                  power, but relocatable capabilities


C. Low cost expendable systems with periodic data delivery for remote areas with limited 

                  monitoring requirements


D. Systems for harsh environments



1. Southern Ocean



2. Arctic or other ice covered seas 



3. Gulf Stream or other high current areas



4. Deepwater sites with high vandalism potential

V. Discussion


A. We need several reliable approaches that will meet a variety of applications


B. The initial designs for relocatable deepwater systems will be single point surface 

                  following systems very much like the surface moorings that the community has used

                  for several decades. 


C. When we have instrument systems and control systems that have proven themselves 

                  for the long term, large, multi-legged spar systems based on oil industry designs will 

                  probably be used for semi-permanent sites to minimize the maintenance costs 

                  associated with remote observatories. 


D. Shallow water moored systems will play an important role in coastal observatories 

                  because of their low cost, servicing simplicity, and portability. These systems will 

                  remain small so that they can be serviced by small vessels. Cost savings associated 

                  with extended deployment durations will not outweigh the advantages of small size 

                  and simplicity.


E. Acoustically linked systems for deepwater and shallow water applications will be the 

                  systems of choice for relocatable observatories with limited throughput requirements 

                  due to their low cost, serviceability and reliability. The major issue with these systems

                  is the area of the monitoring footprint that can be serviced by a single mooring.
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