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Drillsled Adaption to Tiburon
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Total Project Costs, Including Labor: 
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Date Submitted: June 1, 1999
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1) Abstract

Oceanic crust is created at mid-ocean ridges by a complex series of melting and crystallization events that each leave their geochemical signature in the major, trace or isotopic composition of the minerals that comprise the crustal rocks. There has been little progress in actually mapping exposures of lower oceanic crust due in part to the limitations of existing submersibles and the inability to systematically collect samples from outcrops to determine their lithology.

The MBARI Rock Coring system is the only proven technique by which plutonic rocks can be systematically sampled to provide high-resolution lithostratigraphic coverage and has been successfully deployed from ALVIN, Ventana and ROPOS.

This project is to adapt the MBARI drillsled to Tiburon which takes advantage of Tiburon’s superior station-keeping qualities, greater depth capabilities and wider geographical coverage compared to Ventana. As a standard Tiburon toolsled it will become another sampling tool available to researchers during a cruise with the "quick connect" interface design allowing it to be quickly installed for individual dives. This project is collaborating with the Geochemistry project proposal and provides the technical support for the diamond core sample portions of the sampling targets described in that proposal.

The project implementation plan is a direct transfer of the existing drillsled design to Tiburon. Drillsled control system modifications will be required to convert to Tiburon's DC power bus and a new toolsled frame will need to be constructed. In addition a GUI will be needed to provide feedback to the ROV operators using the existing physical sensors to allow monitoring of important system parameters. With information on rpm, heading, pitch, weight-on-bit (WOB), torque, etc. adjustments can be made to optimize cutting while preventing the drill barrel from binding.

In the process of modifying the drillsled system for Tiburon every effort will be made to design the system to be easily adaptable to other similar ROV systems such as IFREMER's VICTOR to allow potential future expeditionary collaborations
2)
Proposal

a)
The problem addressed

· Statement of the problem 

Many of the rocks recovered from oceanic crust have been friable glasses picked up by submersibles, limited samples from the Ocean Drilling Program, and poorly constrained samples from dredging.  There has been little progress in actually mapping exposures of lower oceanic crust due in part to the limitations of existing submersibles, the lack of tools typically used by a field geologist and the inability to systematically collect samples from outcrops to determine their lithology.

We propose to adapt the existing MBARI rock coring system that has been successfully deployed from ALVIN, Ventana and ROPOS so it can be used on the ROV Tiburon. 

· Why it is important 

The MBARI Rock Coring system is the only proven technique by which plutonic rocks can be systematically sampled to provide high-resolution lithostratigraphic coverage. Rocks from the lower oceanic crust are especially important as their minerals and fabric record the evolution of high temperature deformation and seawater reactions that form the underpinnings of ridge crest hydrothermal systems. These intact lower crustal (or plutonic) rocks record the movement of faults at both high and low temperatures to demonstrate the impact of tectonic activity on lower crustal structure. Crosscutting veins (filled fractures) provide insights into the evolution of fluids within the crust, both at the ridge axis and during an extended cooling history that may last up to 20 my.  The mineral chemistries, textures, and isotopic compositions can be used to track the cooling history of sections of ocean crust through the evolution of fluid compositions.  This information is critical to ground-truth models for the exchange of heat and chemicals between the lithosphere and hydrosphere.  

· Present state of art/understanding

Although submersibles have been used for decades to collect friable glassy samples from mid-ocean ridges and islands, techniques for sampling plutonic rocks have been limited to pieces from talus heaps.  The only exception to this is the MBARI rock coring system which was specifically designed to collect multiple intact samples from vertical exposures of bedrock.
· How it relates/contributes to MBARI’s mission and strategic plan

The Tiburon drillsled will expand on the technical success of the existing MBARI rock coring system, which has been used extensively in Monterey Canyon and more recently deployed from ROPOS in the Indian Ocean. As a standard Tiburon toolsled it will become another sampling arrow in the quiver of tools available to researchers during a cruise with the "quick connect" interface design allowing it to be quickly installed for individual dives. This additional toolsled capability increases the effectiveness of one of MBARI's unique and most valuable assets - the Tiburon/Western Flyer system.

b)
Approach to the problem

· Engineering/technology development

The technical approach this project is to make the minimum number of changes to the existing design necessary to achieve good performance on Tiburon. This reduces the project resource requirements considerably from previous proposals, which planned a complete ground up redesign. Tests on the current drillsled conducted in November 1998 have shown that if the lubricating seawater pump drive is modified there is enough hydraulic capability on Tiburon to deliver the approximately the same performance the system currently has on Ventana. Additional modifications to the drill rotation hydraulic circuit would increase the rotational speed and cutting rate. Weight-on-bit pressures during Ventana drilling operations have been around 200 lbs., which is within the operating capability of Tiburon, which has 440 lbs. of forward thrust.

The project implementation plan is a direct transfer of the existing drillsled design to Tiburon however some modifications and additions will be required. The onboard control electronics and electro-hydraulic servo valves need to be converted to Tiburon's 48 Volt DC power bus and a new toolsled frame will need to be constructed. A GUI is also needed to provide feedback to the ROV operators using the existing physical sensors to allow monitoring of important system parameters. With information on rpm, heading, pitch, WOB, torque, etc. adjustments can be made to optimize cutting while preventing the drill barrel from binding. The explosive cutter for the drill string will be replaced with a model certified to operate at Tiburon’s operational depth and the housing for it’s control electronics will be upgraded.

· Field programs

The field program of this project consists of two at-sea engineering tests of the modified drillsled on Tiburon. The tests are scheduled far enough apart that changes dictated by the results of the initial sea trial can be executed before the final test dive.

· Data reduction and analysis

Not applicable

· Proposed duration of project and approximate plan of action

The duration of this project is one year.

The plan of action is to hold a preliminary design review describing design changes to existing system, how the work of moving the major components to the new toolsled frame will be accomplished, and the specifications to be met on completion. The full participation of assigned technicians from DMO and TSD is anticipated in keeping with the project goal of relying on their expertise for transferring the existing components to the Tiburon toolsled frame. This approach makes use of the considerable experience in DMO fabricating and operating the current drillsled on Ventana.

A critical design review will be held at the completion of the design changes required to adapt the system to Tiburon. This includes a new water pump design, servo valve pack and control electronics, explosive drill string cutter, and possibly the drillstring rotation motor.   

c)
Specific deliverables

· Products from research and development (tools, documentation, publications, presentations, etc.)

Multi-sample rock coring system for Tiburon with documentation needed to support it in the field.

· How success will be measured

Technical success will be measured by the degree to which the following objective is met: Rock coring capability on Tiburon that is equivalent to the capability experienced with the current drillsled on Ventana.

d)
Project team

· Who will be working on this project, or if not identified by name, the critical needs or talents required in that team member

· What each team member contributes to the solution of the problem 

Debra Stakes - Lead scientist. The drillsled has evolved from her NSF-funded effort to recover sulfide cores from large hydrothermal edifices on the Juan de Fuca ridge. She has been the point of contact for many researchers interested in adapting this technology to their own projects. This broad scientific applications need is useful in setting the scientific criteria for this project.
Karen Salamy- Project manager. Karen has extensive experience planning and executing scientific expeditions using the current Ventana drillsled. Karen will be managing the project schedule and budget. Karen will also contribute her operational experience with using the drillsled to ensure the Tiburon adaptation meets the scientific requirements.

Jon Erickson - Mechanical Engineer. John has twenty years of experience designing, building and operating geologic and geophysical sampling equipment in the marine environment. John is lead mechanical engineer.

Mark Chaffey - Electrical engineer 

Technical lead on development of required hardware and capabilities. Coordination of development effort including the various stages of design reviews and the execution of the final design, fabrication and testing. Electrical design of the drillsled modifications.

Dale Graves - Chief Tiburon pilot

Provide design input and guidance to ensure design conforms to and meets requirements for use on Tiburon. Perform sea trails and tests

T.Craig Dawe - Chief Ventana pilot

Provide design input based on extensive experience with existing drillsled design and operating conditions.
3)
Budget 

The budget for this project reflects the implementation approach of moving the existing drilling system over to a Tiburon compatible toolsled. The only major expense is the replacement of the drillstring cutter with a unit rated for 4000 meters at a cost of $25,000. This is required for safe ROV recovery if the drillstring irretrievably jams in the borehole. The cutter presently in use is not rated for Tiburon dive depths. $5,000 in funds is requested to construct a new Tiburon toolsled frame dedicated to mounting the drill assembly. The electrical connection between the toolsled and Tiburon requires the use of underwater connectors costing $3,500, which is requested. The balance of the funds requested for the project are needed for electrical supplies and materials for construction of a Tiburon compatible DCON to provide interface functions and a hydraulic valve pack and miscellaneous parts for the same function.
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