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Monterey Bay Aquarium Research Institute

Permit Application for Projects to be Deployed on MARS


Project Title: Aloha Mooring 
Vertical profile moorings and associated sensors have already been analyzed and approved through the MARS installation EIR/EIS and permits from the MBNMS and CCC. The Aloha Mooring is a vertical profiler mooring that also serves as a platform for instrumentation on the mooring float, as well as at the base of the mooring.
Sanctuary: Monterey Bay National Marine Sanctuary
Project Coordinators:
Dr. Bruce Howe, University of Washington 
Dr. Roger Lukas, University of Hawaii
Dr. Emmanuel Boss, University of Maine
Project Abstract: The ALOHA mooring consists of a buoy that floats 165 m (about 500 feet) below the surface, anchored to the seafloor at 891 m (2,923 feet) depth. An instrument called a vertical profiler makes measurements every second to capture a detailed motion picture of water conditions and currents at all depths around the MARS site. 

The vertical profiler samples the entire length of the cable - nearly a half-mile - by crawling up and down it continuously. Complete round trips take it about 1.5 hours. (It pauses for 4 hours every fourth day to recharge batteries.) As the profiler crawls, sensors measure water temperature, salinity, depth, oxygen levels, and backscatter and fluorescence—two measures that can tell scientist how much microscopic life is in the water. 

The float at the top of the mooring keeps the cable straight and serves as an attachment point for other instruments. Some instruments on the float can be focused upward to measure conditions such as current speeds near the surface. Others can be swapped out by an ROV as necessary, allowing the ALOHA mooring to serve as an additional site for instruments to hook up to the MARS system. Additional instruments can also be attached to a platform near the base of the mooring.
The mooring cable is a 21-mm (nearly an inch) thick braid with a 24,000-pound breaking strength. Copper wires and fiber optic lines buried in the cable power the instruments at the top and convey their data back home. 

Project Rationale: The ALOHA mooring lets scientists see changes in the entire water column every couple of hours. That's often enough to watch as tides and other transient currents change the makeup of Monterey Bay. One key ingredient is the constant power supply from MARS. Without it, the profiler could not charge its batteries and would have to make many fewer trips per day up the cable. 

Full-time communication via the MARS node helps scientists fine-tune their sampling. Sometimes, rare pulses of water sweep through Monterey Bay, briefly bringing unusual water conditions and sea life. When scientists see this happening, they can instruct the profiler to concentrate on the appropriate depths and sample the area more thoroughly.

Yet another reason to install ALOHA on MARS is the cabled observatory's function as a testbed. Like MARS itself, the ALOHA mooring – from battery chargers for the vertical profiler to the instrument ports on the subsurface buoy – involve new developments. Scientists won't know how everything works until they put the mooring in the water. By installing on the MARS node, they'll have minute-to-minute notice if anything goes wrong. 

Intended Use of Results: Results will be published in appropriate scientific and engineering journals. Additional moorings of this type are expected to play a significant role in the NSF funded ORION program and the Ocean Observatories Initiative (OOI).  
Methods:  The mooring is a deep ocean sensor network which extends from the seafloor at ~900 m water depth to a subsurface float at 165 m. The mooring contains three platforms that include network connections and suites of sensors located near the base of the mooring on the seafloor, on the subsurface float, and on a moored profiler which is capable of traversing from the seafloor to the float (Figure 1). All three locations have CTDO2 and BB2F optical backscatter sensors. In addition, on the float is an ADCP, camera, and attitude sensor. There are dual CTDO2 sensors on the float and on the seafloor. ADCPs, CTDs, backskattering sensors, acoustic current meters, and vertical profilers were all approved in the original MARS installation permit package. 
The mooring will be electrically connected to the MARS observatory node. The profiler will communicate in real time with the float via an inductive modem. Command and control of the mooring as well as data monitoring and archiving is accomplished from shore via the MARS network. 

The subsurface float on the mooring is a ~2 m diameter syntactic foam float. The float contains additional ports and serves as a mounting platform for sensors. The framework around the float is designed for ease of serviceability by ROV, and it has a modular design to simplify modifications and allow for future expansion.
The mooring will be deployed approximately 1500 m southeast of the MARS node, although the exact location is still to be determined. 
Additional information can be found at http://alohamooring.apl.washington.edu/. 

Schedule: The current plan is to deploy the mooring on MARS in winter/spring 2008 and recover the system in late summer 2008. The anchor is not retrievable due to its weight.  
Publications and Reports: Results will be published in appropriate scientific and engineering journals.  
Qualifications:

Dr. Bruce Howe, Principal Oceanographer, Applied Physics Laboratory, University of Washington 
Dr. Howe's expertise is in ocean acoustic tomography. Recent research includes the Acoustic Thermometry of Ocean Climate (ATOC) and North Pacific Acoustic Laboratory (NPAL) projects studying large-scale ocean variability, acoustic propagation over long ranges, and ocean ambient sound. Other current interests are ocean observatories, specifically the NSF ORION program and the NEPTUNE regional cabled observatory project focused on the Juan de Fuca Plate (organization, power systems, moored profiler systems), and the integration of acoustics into these observatories. Dr. Howe has also participated in the development of ionospheric observing systems using GPS signals in a tomography mode. Please visit http://www.apl.washington.edu/people/profile.php?last=Howe&first=Bruce for more information. 

Dr. Roger Lukas, Professor of Oceanography, School of Ocean and Earth Science and Technology, University of Hawaii

Roger Lukas is a Professor in the Department of Oceanography at the University of Hawaii. He teaches graduate courses and conducts research in physical oceanography. His areas of research specialization are ocean-atmosphere interaction, seasonal-to-decadal climate variability, tropical ocean dynamics, and the distribution of oceanic water mass properties in the tropics and subtropics. He has authored or co-authored more than 75 articles in international scientific journals on these subjects. He recently co-authored a comprehensive book on the physics of the upper ocean. He has been a Principal Investigator on more than 30 research grants by the National Science Foundation, the National Oceanic and Atmospheric Administration, and the National Aeronautics and Space Administration. Lukas has been Chief Scientist of 14 oceanographic research cruises. He was one of two principal organizers of a major international air-sea interaction experiment (TOGA/COARE) conducted during 1992-93 in the western equatorial Pacific. Please see http://www.soest.hawaii.edu/~rlukas/ for more information.

Dr. Emmanuel Boss, Associate Professor of Oceanography, School of Marine Sciences, University of Maine
A principal thrust of his current research is the use of measured optical properties (absorption, scattering and attenuation) to obtain the bulk properties of the matter in the ocean (e.g. particulate size distribution, composition). Theoretical studies (Mie and T-matrix methods) are used to investigate dependencies that are tested with data obtained in the field. To increase the information we can obtain in-situ on particles and their properties, he is currently exploring ocean acoustics. 
A second major area of research is the inversion of passive remote sensing. Currently inversions are provided without error estimates. He is working on a method to provide the uncertainties of inverted products. Please visit his lab website at http://misclab.umeoce.maine.edu/index.php for more information.
Environmental Impacts: There will be minor disturbances to the seafloor when this system is deployed due to the anchor and the platform near the base of the mooring. The platform will be recovered at the end of the experiment, and the seafloor should return to its previous condition within a few months. Due to its weight, a non-recoverable anchor will be left at the site after recovery of the mooring. 
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Figure 1. Aloha Mooring system.

