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Monterey Bay Aquarium Research Institute
2002 Implementation Plan for the MBARI Strategic Plan

Overview

The process for selecting research projects for internal funding for calendar year 2002 began in July with the submission of 65 abstracts, including 8 from MBARI adjuncts. Of this number, a total of 41 were rated “likely to be approved”, 17 were rated “some possibility of being approved”, and 7 were considered “unlikely to be approved”. Project teams were also given feedback on what issues they should address if they decided to prepare full proposals in order to increase the chances of success. Examples of such feedback might be to suggest a first year scoping study for a new development effort in order to provide management better estimates of resources needed before final approval. In August, 55 project teams came back with full proposals for consideration at Phase I, including 8 from MBARI adjuncts. Of these, 36 were rated Category 1 (recommended for funding with only minor modifications to scope and resources), 16 were rated Category 2 (recommended for funding with significant changes to scope and/or resources), and 3 were not recommended for support in 2002. In September, project teams in Category 2 submitted their revised proposals. After leveling resources, a total of 54 internally-supported projects were chosen for 2002. Adjuncts whose projects are recommended for support include Steve Rock (Stanford), Barbara Romanowicz (Berkeley), Edie Widder (Harbor Branch), Bill Hamner (UCLA), Larry Madin (WHOI), Mary Silver (UCSC),  Geoff Wheat (NURP), and Doug Nelson (UC-Davis). In all cases, selection criteria included relevance to the MBARI Strategic Plan, the quality of the proposed research, and the viability of the implementation strategy. 

All proposals submitted for external funding are routed through the management team and judged using similar criteria, but at various times during the year depending on agency deadlines for proposal submission. Any of those externally-funded efforts that involve internal resources (staff time, ship time, etc.), even if paid by the grant, must submit forms during the annual internal proposal competition so that we can accurately account for all of the obligations to both internal and external proposals. Typically we take into account only proposals for which we have received some word that they will be funded, because likely start dates for pending proposals would not be until fall of 2002. External funding for MBARI is derived principally from NSF, DoE, NOAA, and NASA.

This year we also requested proposals from those teams planning experiments in the Gulf of California, an expedition that will not take place until early 2003. However, the timeline for obtaining permits from the Mexican government for this work is such that we cannot wait until fall of 2002 to make the decision as to which science experiments will be conducted. Sixteen abstracts were submitted for Gulf of California work from MBARI scientists and adjuncts. Based on management feedback, 11 proposals were submitted for 2003 ship time in the Gulf. Eight of these proposals were ultimately selected for inclusion in the 2003 Gulf of California expedition. All project teams were warned that it may not be possible to conduct the expedition as planned in 2003 on account of the tight budget. Although the expeditions are not described in this implementation plan, as they will not occur until 2003, there are some budget items associated with the planned expeditions in cases where equipment had to be fabricated, purchase, tested, or shipped in 2002 to meet the 2003 schedule.

The final projects selected fall into the following research themes. Projects in italics are primarily supported by external funding. Those underlined are led by adjuncts.

Benthic Processes


Greenhouse gases (Brewer)


Benthic biology (Barry)


Geochemistry of ocean crust (Stakes)


Submarine volcanism (Clague)


Continental margin processes (Paull, Greene)


Canyon dynamics (Paull)


Molecular ecology of marine and aquatic organisms (Vrijenhoek)

Detection of methane leakage (Paull)

Long-term monitoring of hydrogeologic properties in boreholes (Jannasch)

DoE experiments on the ocean disposal of fossil fuel CO2 (Brewer)

Feasibility of large-scale CO2 release (Barry)

Biological characterization of Davidson Seamount (Tamburri)

Long-term seismic observatory in Monterey Bay (Romanowicz)


Ecophysiology and genetics of Beggiatoas (Nelson)

Midwater Research


Midwater ecology (Reisenbichler, Robison)


Bioluminescence and molecular biology of zooplankton (Haddock)


Nature and function of benthic bioluminescence (Widder)


Benthopelagic coupling: krill (Hamner)


Deep water salps in Monterey Bey (Madin)

Upper Ocean Biogeochemistry


Molecular microbial biology (DeLong)


Biogeochemical responses (Chavez)


Equatorial Pacific moorings (Chavez)


Observing complexity in the coastal ocean (Ryan)

MUSE 2: Iron regulation of ocean ecosystems (Johnson)

IronEX III (Johnson, Chavez)

Environmental genomics and microbial observatories (DeLong)

Inorganic carbon in the Black Sea (Friederich)

Simulations of ocean physics and ecosystems (Chavez)

Modeling bio-physical coupling in the eastern tropical Pacific (Ryan)

Demonstrating new applications of MBARI’s probe technology (Silver)

Instrumentation and Sensor Development 


Laser Raman spectrometer for deep-sea studies (Brewer, Malby)


Benthic respirometer (Roman, Barry)


Chemical sensor program (Johnson)


Testing and refinement of ESP (Scholin, Massion)


Multi-platform in-situ spectrometer (Johnson)


In-situ flow cytometry (DeLong)


Ridge observatory development (McGill)


Quantifying sediment gas (Paull, Ussler)

MOOS (Observatory) Projects


Canyon Dynamics Science Experiment (Massion, Paull)

Dorado (MBARI Autonomous Underwater Vehicle) (Kirkwood)


Instrumentation software infrastructure (Edgington)


MOOS mooring system (Chaffey)


New mooring controller (Edgington)


MOOS data management (McCann)


Seismology and microbial linkages (Stakes, DeLong)


NEPTUNE systems engineering (Massion)

ROV Enhancements and Upgrades


Precision control (Rock)


Visual image event detection (Edgington)

Tiburon midwater toolsled upgrade (Reisenbichler)

HDTV on Tiburon (Chaffey)

ROV marker tool (Barry)

ROV video time code and data issues (Jacobsen)

ROV GIS upgrades (Schlining)

AUV Sensor Integration and Science Operations

Seafloor mapping (Caress)

AUV-CTD time series (O’Reilly)

Observing complexity in coast ocean: AUV deployments (Ryan)

AUV bioluminescence (Haddock)

Quantitative low-light imaging module (Reisenbichler)

AUV launch/recovery system (Etchemendy)

Information Dissemination and Outreach


Video annotation and reference system (Rogers, Jacobsen)


ROV data visualization (McCann)


Core CTD data (M-DUC)


Core navigation data (M-DUC)


Core video annotation (M-DUC)


Core mooring data (M-DUC)


NEPTUNE: Educational outreach (Matsumoto)


Monterey Bay Aquarium/MBARI joint projects (Matsumoto)


Student developed instrumentation: use of test tank (Wheat)

Infrastructure Support

Mooring maintenance (Etchemendy)

Marine operations divisional support (Etchemendy)

An overview of each of these categories of activities follows.

Benthic Processes

MBARI’s research in the effects of CO2 disposal in the deep sea, led by Peter Brewer and Jim Barry, continues to attract national attention. Among the groups addressing this problem nationally and internationally, MBARI’s program stands out in its close connection between the examination of the chemical reactions and the biological reactions that are triggered when liquid CO2 is released in the benthos. What also sets the MBARI program apart is our ability to do controlled experiments in situ and monitor the physical, chemical, and biological changes using sophisticated laboratory equipment modified at MBARI for ROV deployment. In 2002, we will continue these experiments using new tools such as NMR (Nuclear Magnetic Resonance) and Raman spectroscopy. The completion of the benthic respirometer (see below) will allow more quantitative determination of the effect of CO2 on sessile benthic organisms. Barry’s group will also be examining the impact of local changes in pH on the health of benthic communities. The MBARI effort in understanding the deep sea CO2 cycle has been expanded and augmented by DoE funding.

Petrologists Debra Stakes and Dave Clague continue to use MBARI’s ROVs as high-tech platforms for precision mapping and sampling on submarine geology. Stakes will be concentrating on the Gorda Ridge and the Endeavour segment of the Juan de Fuca ridge, the latter under funding from the Keck Foundation as a prelude to installation of the large NEPTUNE fiber-optic observatory. Stakes’ research is focusing on off-axis eruptions in order to determine their contribution to the total volcanic thickness of oceanic crust and to learn about the geochemical variability of the midocean ridge basalt source region from their more evolved magmas. Clague’s group will be primarily focused on completing the analysis and publication of the large number of observations and samples obtained from the Hawaiian expedition in 2001, but he will also undertake new dives on seamounts offshore California and Oregon. With the possibility of a new exhibit at the Aquarium highlighting a seamount habitat, Clague’s observations could be helpful in planning the exhibit. Under funding from NOAA’s new Ocean Exploration office, Mario Tamburri and staff from the Monterey Bay National Marine Sanctuary will be leading an expedition to Davidson Seamount to establish some baseline ecological observations. This expedition is a follow-up to an MBARI-led preliminary exploration in 2000.

Geologists Charlie Paull and Gary Greene plan to continue their work on natural seeps and the formation of submarine canyons, using Monterey Bay as a natural lab. They also will be completing the analysis of dive data from Hawaii where submarine canyons are forming under very different conditions of rainfall, rock type, and slope conditions. The tools they will be using include the vibracoring system to obtain long, continuous records of sedimentary processes, the radium sampler to determine the ground residence time of seep fluids, and methane and fluorescence detectors to find seeps. In addition, the Canyon Dynamics cabled observatory should be deployed in Monterey Canyon either late in 2001 or early 2002. We have set aside some Point Lobos ship time for a rapid response should the installation detect an event of rapid sediment movement down the canyon. Paull’s group will also be leading a major expedition to the Arctic shelf to assess the degree of methane hydrate decomposition caused by global warming. This is a collaborative effort with the USGS under funding from the National Science Foundation.

Bob Vrijenhoek’s group will continue its work in developing molecular markers that permit the study of gene flow and species diversity at hydrothermal and cold seep communities. Molecular evidence so far indicates that the hydrothermal communities diversified recently (Cenozoic) from cold-seep ancestors. This discovery was unanticipated given the widely-circulating suggestions that the hydrothermal communities might be the cradle of life on Earth. The gene flow studies are also key to assessing patterns and modes of dispersal within species of clams, mussels, tubeworms, and bacteria. 

The broad-band seismometer acquired by MBARI adjunct Barbara Romanowicz under NSF funding will be deployed on Smooth Ridge in November, 2001. In 2002, we will continue to collect data from the instrument and provide periodic servicing with the ROV. The data will be sent to Berkeley where it will be combined with land-based observations from the northern California network. Temporary deployments of MBARI short-period seismometers have already demonstrated the substantial improvement in earthquake location and the threshold for detection along the offshore faults when oceean bottom instruments are added to the network. Another MBARI adjunct, Doug Nelson, will continue his research on bacterial mats associated with cold seeps. The Beggiatoa strain sampled in sediment cores from Monterey Bay seep sites is able to generate energy via respiration of hydrogen sulfide to sulfate while reducing nitrate to ammonia, an most unusual mode of metabolism. Except for MBARI ship time, his research is supported by NSF and closely coupled with Jim Barry’s research on seep communities.

Midwater Research

Bruce Robison’s research on midwater communities has been given a big boost by the addition of Steve Haddock to the MBARI science team. Haddock’s research involves the use of bioluminescence by deep sea animals, the most prevalent “language” on the planet. The midwater team also will benefit from continuing collaborations with MBARI adjuncts Eddie Widder, Larry Madin, and Bill Hamner. Widder will be deploying an “Eye-in the Sea” camera in Monterey Bay  using a low-light-level video camera coupled to a far-red illumination source. The camera and light will be triggered by bioluminescence. Madin will be following up on the chance discovery of what may be a new form of salp, that unlike the rest of genus, is confined to midwaters. Hamner will be working with mid- and upper-water-column researchers to plan for an experiment to understand what physical and biological processes influence the aggregations of krill around Monterey Canyon.

Robinson’s reconnaissance surveying of the bathypelagic realm (1000-4000 m) using Tiburon in 2001 will evolve to process-oriented studies in 2002. A successful formula for understanding the behavior of deep sea animals is emerging. Based on detailed observations in the field of animal behavior, hypotheses are constructed to explain the behavior and then tested under controlled conditions in the lab on captive animals. Finally, the controlled conditions are replicated in the natural environment to confirm the trigger for certain behavior patterns. Robison’s group is also measuring the oxygen consumption of certain keystone species in order to determine their metabolic rate, important for quantifying the energetics of the deep sea community. One intriguing result from 2001 work that will be explored further is the possibility that many gelatinous animals can extract dissolved organic compounds directly from seawater in order to meet their metabolic needs. 

Haddock is adopting a multi-prong approach to the study of deep sea bioluminescence. His research program uses observations in the field from both ROVs and AUVs, genetic information to answer questions not readily answered by morphology (e.g., who is related to whom), and lab studies on the molecular and chemical basis for bioluminescent and fluorescent proteins. 

Upper Ocean Biogeochemistry

MBARI’s upper ocean team is investigating the dynamic connections between physical, biological, and chemical processes in central California waters. The explorations have uncovered the drivers to seasonal and interannual variations in the main biogeochemical cycles of Monterey Bay. Under the leadership of Francisco Chavez, MBARI will continue its mooring and ship board time series, will transitioning the shipboard work over to an AUV platform. This time series, which only gains in value as it extends in length, supports the research efforts of a large number of MBARI scientists and external investigators.

Ed Delong’s group will continue their ground-breaking work on microbial mediation of major biogeochemical cycles. Microbial interactions that occur on the scale of microns regulate global ocean processes on planetary-wide scales. Genetically-based approaches to determining the microbial organisms, their abundance, and the processes they mediate will be ported to MBARI-developed platforms. Special emphasis will be on the newly discovered marine phtotrophs and the poorly-understood planktonic archaea that comprise 20% of all of the microbial cells in the ocean, and may be involved in CO2 fixation in the deep sea.

New MBARI scientist, John Ryan, will be starting up his research program on topographically-forced circulation and the formation of biological layers associated with physical layers in the ocean. Both of these research themes are a direct outgrowth of unusual observations obtained during the 2000 MUSE experiment. Ryan’s principal tool for obtaining synoptic sampling of the water column in 3 dimensions will be AUVs equipped with an array of physical, chemical, and biological sensors. 

MBARI’s efforts in the upper ocean will culminate in MUSE II, a follow-on to the highly successful MUSE experiment in 2000, led by Ken Johnson. This experiment will monitor trace metal cycling and the biological response at the upwelling centers north (Davenport) and south (Point Sur) of Monterey Bay. This experiment will take MBARI one step closer to developing an operational ecosystem observatory in Monterey Bay. Deployments of the ESP will figure prominently in this experiment.

MBARI adjunct Mary Silver, along with a volunteer corps of students from UCSC, has been documenting the use of Chris Scholin’s molecular probes for harmful algal species (HABS). They have created a lab manual that enables the student volunteers to routinely monitor for a number of toxic species. This experience is an important first step to making Scholin’s protocols more widely available for environmental monitoring.

The upper ocean group is also involved in a variety of externally funded projects connected to the ongoing investigations. These projects permit MBARI scientists to perform experiments similar to those undertaken in Monterey Bay in remote regions with different climatological and physical oceanographic conditions (e.g., Equatorial Pacific Moorings, IRON-EX III, Inorganic Carbon in the Black Sea) and bring in stellar external collaborators to add unique expertise to MBARI projects (e.g., Environmental Genomics, Simulation of Ocean Physics).

Instrumentation and Sensor Development

Ken Jonhson’s chemical sensor lab is continuing development of the In-Situ Ultraviolet Spectrophotometric Sensors (ISUS). The basic system is complete and analyses have been performed and validated for nitrate and bisulfide with the ISUS deployed from ships, profilers, moorings, and ROVs. Further work will expand the types of measurements and the environments where they can be obtained. There has been some commercial interest in this new chemical analysis tool. Development is also continuing on another sensing system that shows better performance in highly colored waters in estuaries.

In 2001, George Malby designed, tested, fabricated, and integrated for deep sea deploymenr a state-of-the-art Lasar Raman Spectrometer obtained from Kaiser Optical Systems. The system requires a few additional capabilities for real-world deployment in the ocean (such as a precision XYZ positioning system) that will be developed in 2002. The instrument will be used in conjunction with Peter Brewer’s CO2 experiments in 2002.

The Environmental Sample Processor (ESP, formerly Genosensor) was successfully tested in the field in 2001. Based on that experience, a few design features will be modified in 2002 to make the instrument easier to service, safer to use, and more resistant to fouling. Under funding from the Keck grant, MBARI will begin work on developing a deep-sea version of the ESP. MBARI will also be completing the work on the Benthic Respirometer for use in studies of oxygen consumption in the deep sea.

In partnership with the Ocean Drilling Program, we will be completing the testing and technology transfer of a method for quantifying sediment gas using probes deployed from the ROV or in drill holes. Testing of the instrument from ROV Ventana in 2001 was successful. Under the Ridge Observatory Development project, we will complete the upgrade of the data loggers in advance of a major seismometer deployment on the Juan de Fuca ridge in 2003 or 2004. The field program is funded by the Keck Foundation.

MBARI will also be undertaking two feasiblity studies in 2002 that will potentially lead to new development projects. One is the development of a multi-platform in-situ spectrometer to quantify a wide range of dissolved gases and chemical compounds. Although shallow-ocean versions exist, this will be the first instrument to function in the deep sea. The second scoping study is the feasibility of developing a robust, submersible cytometer for analyzing plankton. 

MOOS (Observatory) Projects

A number of subprojects are being undertaken under the central management of the MOOS Project, led by Keith Raybould. MBARI is continuing to pursue both mooring-based and cable-based observatories, with the latter being a collaborative effort with the University of Washington, WHOI, JPL, and Canadian institutions under the NEPTUNE project. 

In 2001, the design for the basic MOOS cable riser system was completed. It has been modeled by the WHOI Buoy group successfully, and will be tested in the water in early 2002. The goal is to verify the mooring dynamics as predicted by WHOI, test the design life of cable terminations, and verify our ability to conduct ROV operations between the riser cable and seafloor instrument nodes. Once this testing is complete, work will begin on integrating the power and communications systems into the mechanical system.

In the AUV arena, the main effort in 2002 will be building two more AUVs in order to begin the transition of AUVs from Engineering to Operations so that they can be used for routine science missions. The AUV team will also be involved in integrating science payloads into the AUV compartments. Their main new research effort will be in AUV docking, in anticipation of unattended operation of AUVs from moorings. 

The ISI (Instrumentation Software Infrastructure) project will continue in 2002 to develop device drivers for popular instruments and plug-and-work instrument interface electronics. The ISI team will also develop proof of concepts for both radio and satellite communications to shore and applications for local storage, data aqusition, and shore-side archive. We will also be replacing the OASIS mooring controllers with the new, StrongArm-processor-based controllers in 2002. MOOS data management will move forward by beginning construction of the shoreside data system. 

The Canyond Dynamics experiment will use the newly-developed ROV cable-laying tool sled to install cable in Monterey Canyon in either later 2001 or early 2002. The ROV will install benthic instrument nodes, instruments, and connect them to the cable. This infrastructure will be used by Charlie Paull to monitor the dynamic events that carve Monterey Canyon. This experiment is viewed as a prelude to the MARS cabled observatory that is proposed as a test bed for NEPTUNE. At the same time, systems engineering for MARS will continue at MBARI and with our partner institutions.

ROV enhancements and upgrades

The only major toolsled project for the ROVs for 2002 is a retrofit of the midwater tool sled to optimize compatibility with the other Tiburon toolsleds. The midwater sled was the first developed, and based on that experience all of the later ones had slightly improved design features. By completing this project, maintenance of the midwater sled will be facilitated. Based on the success of HDTV on Ventana, there has been significant pressure from MBARI scientists to port HDTV to Tiburon as well. Weight and size considerations do not permit a simple repeat of the Ventana installation. Mark Chaffey will be exploring what new options might exist since the first MBARI use of this technology, but we will be unable to purchase any equipment under the current budget limitation. 

Jim Barry will also be leading a small effort to develop a tool to embed small markers in rock faces to be used as deep-sea bench marks for repeated surveys. Nancy Jacobsen will be fixing some time code issues with the ROV video tapes that will ease the conversion from tape time to Julian day and time. Brian Schlining will improve the use of GIS on MBARI ships and make our systems compatible with recent upgrades in commercial packages.

MBARI adjunct, Steve Rock, and his students from Stanford will continue to exploit vision-based sensing for autonomous control of ROVs and AUVs. Automated station keeping and mosaiking will be ported to the ROVs. A new pilot aid for jellyfish tracking will also be implemented. An AUV version of this capability will also be enabled. In a related effort, Duane Edgington will begin exploring new technologies that will visually process images for event detection and species recognition. This project could greatly facilitate the annotation of ROV dive tapes, as well as provide advanced in-situ processing capabilities for AUV control systems. 

AUV Sensor Integration and Science Operations

In 2002, MBARI will be developing a number of important payloads for AUV missions. These missions will ultimately reduce the demand for MBARI and external ship time for non-ROV operations and facilitate the collection of large, integrated data sets in a timely and cost-effective manner. On account of budget restrictions, we will not have the funds or manpower to move ahead as quickly in this area as we otherwise could. Therefore, we have established the following list of priorities for AUV payload integration.

The first priority is to integrate the new seafloor mapping sonar system from Reson. This will be an unparalleled system in the oceanographic community for high-resolution bathymetric and side-scan mapping. Technically, this is a very challenging project. Availability of this system by the end of 2002 is important for the proposed Gulf of California expedition, where many proposed sites are currently very poorly mapped. The second priority is routine operation of the vehicle with a standard suite of CDT instruments along the line of the regular Point Lobos CDT transects. The purpose of this project is for MBARI to get more experience in routine operations of AUVs and to understand what will be the primary maintenance issues.

If time (from both engineering and operations) remains, the next sensor systems that will be integrated will be in support of the research programs of John Ryan and Steve Haddock.  Ryan’s work on biological layers would benefit from a more sophisticated water column package that includes a fluorometer and suspended particle sampler. Haddock plans to mount a bioluminescence detector module on the AUV.

Finally, MBARI will begin investigating the use of a low-light imaging module on an AUV. Much ROV time is currently consumed in video transects, which really do not require the skills of a pilot in flying the vehicle over a regular grid. However, the power requirements for lights and video preclude a simple mounting of a similar system on an AUV to cut costs and free up ROV and personnel time. A low-light imaging unit has the promise of a small enough power budget to permit use on an AUV. The main stumbling block at this time seems to be the low vehicle velocities required for clear images from such systems. This project will determine whether low light cameras are better suited to an OTTER-type vehicle (e.g., with hover capability) as opposed to a Dorado-type vehicle.

In addition, MBARI will be contracting externally for the design and construction of an AUV launch and recovery system that will be integrated into the Zephyr. This ship will become the platform of choice for MBARI AUV operations. A fly-away system had too many compromises in terms of performance on the Zephyr, and would most likely not be needed on account of the availability of cranes on most UNOLS ships and other ships of opportunity. 

Information dissemination and outreach
The video team at MBARI in 2001 made much progress on completing the development of the Video Annotation and Reference System. In previous years, the strong labor market for software engineers with backgrounds in relational data bases had made staffing the project problematic. By the end of 2003, the system should be completed for internal users, and progress begun on a version of the system available to external users.

The ROV Data Visualization project is entering its final year. This project will enable science users of ROV data to visualize the results of their dives within the context of a three-dimensional terrain model. Replays of Ventana dives are now routinely available from the Expedition Database.  

The Joint Projects team has proposed a number of collaborative activities with the Aquarium for 2002. A number of dive days on Ventana and Tiburon have been set aside to support Aquarium collections and exhibits. In addition, we are planning to reserve 1-2 berths on each leg of the Gulf of California expedition in 2003 for Aquarium staff members. MBARI will continue to support the microwave system. Joint research projects will also be undertaken on jellies, benthic tunicates, and hydrozoans. In 2003, George Matsumoto plans to hold several workshops to generate ideas for public outreach for the NEPTUNE project.

MBARI adjunct Geoff Wheat will be one of the first external users of the new MBARI test tank. He will be bringing to MBARI student teams from Santa Clara University to test their small, low-cost ROVs in the tank during vacation periods in their class schedules.

The MBARI Data Users Committee (M-DUC), under the leadership of David Caress, will continue to estimate and oversee the resources needed to maintain MBARI’s four core data streams: navigation, CTD data, mooring data, and basic video annotation. Before a data stream can be declared “core” and thus eligible for institute-wide support, it must be of use to a large number of researchers, there must be a scientist willing to step forward to act as the data “champion”, the technology must be reasonably stable and well calibrated, etc. As “core” data streams, the institute will invest resources into the maintenance of these data sets and ensure their timely dissemination. All other data sets must either be maintained through an individual project proposal or at the Division level. Through proposals prepared by M-DUC, resources have been estimated and set aside to collect, reduce, provide quality control, archive, and distribute these data sets.

Infrastructure support
Although not research projects per se, in order to track resources and better manage their distribution between new development projects and ongoing operational programs, both the moorings and marine operations efforts have estimated their resource usage, primarily in terms of core engineering and engineering technician time, for 2002, based on past history.

