"Mooring Designs for Ocean Observatory Science"

Daniel Frye and Andrew Hamilton

I. Introduction

Moored systems comprise a significant portion of the plans for the National Science Foundations Ocean Observing Initiative (OOI).  These systems are a natural complement to the cabled to shore observatories (Neptune, Venus, Mars, etc) due to their lower cost and relocatable nature.  

In order to support the observatory science proposed at meetings such as the ORION workshop and …, key capabilities of the new mooring systems include the ability to deliver power and data to a subsea network of instrumentation.  In particular, power delivery to the seafloor with continuous capacities of tesns to hundreds of watts and real-time data transmission from the seafloor to the sea-surface at moderate to high data rates typical of optical fiber is desired.   Due to the remote locations proposed for installation, and the high cost of servicing these locations, the mooring systems need to be able to be installed and serviced by UNOLS class vessels and survive for periods of at least a few years with at most yearly maintenance.

Although ocean moorings have been used for decades to monitor the ocean environment, the power and data connection to the seafloor introduces new technical challenges for which experience is thin. As pointed out elsewhere (ref:  Enabling Ocean Research, NRC) moorings of a relocatable size that provide a power and data connection to the seafloor do not currently exist beyond a prototype stage, and require technology that is currently immature and unproven.  

This paper outlines the current state of the art for moored ocean observatory systems, describes the technical challenges that need to be overcome to enable the desired systems, discusses the relevant design trade-offs, and provides a view systems that will be developed in the future to address this need.   

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. The capabilities of these new moorings that will be required include

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

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

3. Survivability for periods of a few years in deep ocean environments.

4. Installation and servicing needs to be performed by UNOLS scale resources.

C. While ocean moorings have been used for decades to monitor the ocean environment, the power and data connection to the seafloor introduces new technical challenges for which experience is thin. The issues include:

1. Survivability and reliability over several years with infrequent (yearly) maintenance.

2. Copper and optical-fiber fatigue behavior.

3. Reasonable cost for components and logistics.

4. Power and data connection to a sub-sea network of instrumentation.

5. Deployment and handling techniques which are different than those used for current oceanographic moorings.

D. 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 presents an overview of the existing mooring systems in each class. Section 3 summarizes the current design issues that must be addressed when developing single point moorings for deepwater 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. 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

III. Design Issues for Single Point Surface Buoy Moorings with Power and Data Connection
Most of the deepwater experience in the oceanographic community is with single point surface buoy moorings.  The main difficulty in modifying these proven designs to include a power and data connection to the seafloor centers around the copper and optical conductors intolerance of stretching and bending.  Typically, a traditional deep water mooring system is constructed of materials that have considerable compliance, stretching as much as 10-15% when exposed to the loads typically encountered.  Unfortunately, copper and optical conductors fail by a variety of mechanisms when stretched repeatedly beyond about 0.6%. This discrepancy is the fundamental difficulty encountered when extending traditional moorings to include the desired power and data connection and novel techniques must be employed to circumvent this issue and provide the needed compliance in the mooring system while not over-straining the conductors.  This section outlines the various techniques, options and resulting trade-offs in mooring design, material selection and cable design that are currently being explored to enable the power and data connection mooring.

The specific design issues for extending these systems to include power and data connections 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


G. Summary of Outstanding design issues and items that need a better understanding to realize reliable power and data mooring.

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. 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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