MOOS Mooring 2005 Proposal

Rev. 2.6 29AUG04 minor text modifications. Added budget and resource sections.

1.0 MOOS Mooring

(a) The overall plan for the MOOS mooring program in 2005 is to continue working toward a complete observatory system test in 2006. This test will be installing and operating a major science experiment that includes multiple seafloor instrument nodes (BIN’s) powered from and communicating with the surface buoy in real-time. The current site planned for the MOOS Science Experiment (MSE) is the Shepard’s Meander at the lower end of the Monterey submarine canyon.

The project has already made considerable progress towards this goal. The second MOOS Test Mooring (MTM#2) has been deployed since April 2004 with an Electrical-Optical-Mechanical (EOM) cable to the seafloor and the system has performed to design requirements with the exception of the cable floats slipping up the riser cable during deployment (more detail on this below). Data continues to be collected by the MMC/SIAM system from all of the onboard sensors and is archived and served by SSDS to users. Riser cable loads, optical attenuation through the riser cable and power system production are all being monitored. By the end of 2004 we plan on having the MTM#3 mooring deployed. This mooring is testing a novel Center Strength Member (CSM) cable design that is being developed by WHOI and Cortland cable. This approach is unproven and high risk but if successful could result in a cost reduction of 50% for the riser cable system by allowing a less expensive cable and eliminating the need for a “snubber” section to absorb wave energy. MBARI is providing the buoy, data monitoring and telemetry for this deployment with the direct costs and integration and deployment labor funded under the NSF grant.

There also has been considerable progress on the other infrastructure elements needed to construct and maintain a seafloor observatory. The surface power system has been completed and tested successfully on MTM and CIMT deployments. The 48 to 400 volt high efficiency DC-to-DC converter that provides power to seafloor installations over long cable runs has been completed. The MOOS Mooring Controller (MMC) has been completed and used on MTM and CIMT deployments. This controller is the hardware that forms a “MOOS Node” and provides the SIAM instrument interface both on the surface and on the seafloor. It is now available from TSD as a stock item. Several PUCK prototypes have been developed and tested on MTM and CIMT deployments. The first article “Benthic Instrument Node” (BIN) has been constructed and tested over a 10km cable run using the actual to-be-deployed benthic cable and associated hardware. In a related development the cable laying toolsled has been tested both on Ventana and Tiburon. The project planned on installing and cabling these elements together as a prototype observatory in August 2004 but has been forced to delay until the problems with the mooring floats are resolved and we can connect to the mooring base.

From an operational perspective there has also been considerable progress in acquiring the skills and developing the procedures for working around surface moorings. Ventana ROV dive operations to work at the base of the mooring, which were once considered too risky to attempt, have now completed on four occasions and we are learning much about techniques, tools and procedures necessary for supporting seafloor observatories. The 2004 plan of placing MTM#2 within Lobos/Ventana range and gaining experience working around moorings before attempting installations further offshore has been very beneficial.

 The result of these efforts is that in spite of setbacks along the way, the MOOS mooring project is making consistent progress toward being able to deploy and maintain a sophisticated mooring based seafloor observatory and we are confident we can accomplish this once we’ve corrected the identified system shortcomings.

(b) Our detailed plans for 2005 are to continue to make improvements in the overall mooring design while concentrating on the continued development of a robust riser cable system. In our testing and development program we have made enough progress to convince us that the overall MOOS moored seafloor observatory concept is technically feasible however significant work remains to complete the testing and refinement of the riser cable system to the level of full operational readiness by 2006.

In mechanical systems the major technical risk remains the riser cable survivability and we plan on continued laboratory and field-testing of prototype cable designs to ensure that we have the best candidate for the 2006 MSE deployment. To accomplish this we will work on developing and running cyclic fatigue tests on the cable test apparatus that has been constructed and installed in the high bay. This machine allows us to simulate field conditions but at an accelerated rate. We are also able to control for single variables such as minimum bend radius. These tests allow us to evaluate cable design refinements before we commit to purchasing a full cable length and conducting expensive field tests. We are actively collaborating with cable manufacturers and WHOI on improved cable designs and supported for cable development and testing work by an external NSF grant through Oct. 1, 2005. The primary goal is to provide a cable design that can survive for a reasonable deployment duration (specified as 3 years in requirements), however once this goal is accomplished, the laboratory test programs rapid test cycle will also allow us to relatively quickly evaluate the performance of cable cost reduction refinements. An example is the MTM2 cable currently in field test. Two designs were submitted from JDR Cable Company, one a proven four Vectran layer design and a similar but less expensive three-layer cable. The claimed performance was nearly identical for both types but lacking a cost efficient method of independently evaluating their performance we choose the more conservative – but more expensive – design.

In addition to the riser cable itself we have several additional technical design details that need further refinement to function as required or improve overall reliability. An example is the cable floatation system, which needs an improved clamping arrangement. Some areas targeted for improvement have not yet caused us problems but through our field tests and increasing knowledge of design techniques for long-term high reliability of deep submergence systems have been identified as potential failure points. An example of this is the snubber interconnection junction box. While this system has operated reliably to date it needs the addition of a redundant seal to ensure long-term survivability.

In electrical and monitoring systems we have addressed all of the major technical items needed to deploy and operate a moored seafloor observatory. We do however have a list of small revisions and improvements that are needed before MSE, for example improving the penetrator design for the Titanium BIN sphere and revising several minor circuit boards.

In software development that is captured in the MOOS mooring project we plan on providing node-to-node time synchronization at the operating system level, automatic fail-over for node-to-node optical communications and supporting the MMC embedded Linux operating system for MTM and CIMT deployments. The overall approach to continued hardware development is that , with the exception of the time synchronization and optical fail-over, the hardware and software set for MMC and the power system is complete and only minimal changes or improvements will be made as required for maintenance.

(c) Revisions in the MOOS mooring program during 2003/2004 have occurred in several key areas from the original 2004 proposal plan of constructing all of the hardware for the MSE experiment during 2004.

(i) The deployment of MTM#2, originally scheduled for Fall 2003 was moved to Spring 2004 due to a longer then planned cycle of cable testing, specification and procurement after completing the failure analysis of MTM#1. Not deploying MTM#2 for the 2003/2004 winter field test season moved the completion of the MTM#2 field test to the spring of 2005 in order to experience severe winter conditions.

(ii) The deployment of MTM#3 has moved from spring to December 2004 due to delays in cable design and testing at WHOI.

(iii) The funds originally planned for completion of the three MSE BINs were used to:

(a) Construct the prototype BIN to deploy in 2004.

(b) Terminate the MTM#2 riser cable (this was contracted to ODI and was considerably more then originally budgeted.

(c) Cover shortfalls in power system and MMC construction funds created when the bulk of the production runs moved into early 2004 and we were not able to carry-over $36k in 2004 funds.


As a result of these actions the 2005 proposal re-requests funds for constructing 3 MSE BINs.

(d) Specific efforts in 2005 will be directed toward the following areas:

(i) Riser cable system development.

(a) We will operate a continuous laboratory test program using the cable test apparatus through 2004/2005. Work to be completed in 2004 is to:

(i) Qualify the WHOI cable design prior to ordering the long cable run for MTM#3 to verify the cable will perform at least as well as MTM#2.

(ii) Predict the survivability of the MTM#2 test cable over the winter to inform the decision on leaving it out for the full deployment term or recovering it early.

(b) We will compare the results of laboratory tests with the post-recovery test results on the MTM#2 mooring cable and use these results to design and refine a standard test protocol that allows us to predict cable survivability in the field based on a laboratory test run. We will qualify cable designs for MSE and test the termination and floatation bending strain reliefs.

(c) We will redesign the floatation attachment method used on MTM#3. It is clear that the deployment loads on the floatation package are substantially greater then predicted and/or the clamping force during deployment is less then shown in laboratory tests. To better understand this problem we are empirically measuring the floatation drag coefficient under controlled conditions and re-testing the floatation cable clamp. This work should be completed in 2004 but may extend into early 2005.

(d) If a decision is made to use an MTM#2 type of cable design we will order an additional set of snubber hose hardware for MSE and make minor design improvements in the snubber terminations. We will also test the snubber hose system on the laboratory cable tester to develop a lifetime prediction model.

(ii) Detailed design and fabrication work for MSE. The overall system design and many major components for MSE are completed however detail design work needs to be completed in the flowing areas:

(a) Mechanical design modifications to the BIN to provide penetrations for up to 12 science instruments and improve chassis accessibility.

(b) Final design drawings and fabrication for surface node and each BIN based on instrument list.

(c) Completion of the node-to-node optical communications card, “Medusa” (see risk mitigation below).

(d) Modifications to the 400 to 12 Volt power down converter to allow full subsea node electrical isolation on remote command.

(e) Install multi-node time synchronization referenced to GPS time.

(iii) General system improvements and maintenance. 

(a) Complete analysis of power and load data collected from MTM#2.

(b) Revise power diversion regulator design (4 Watt power saving).

(c) Design improved 400 to 12 Volt power down converter module to increase low power efficiency.

(d) Upgrade MMC Linux to version 2.3.

(e) Improve procedures for incoming MMC and power system printed circuit board firmware installation, testing, tracking and distribution by TSD.

(f) Build software driver for the radio interface card to provide remote diagnostics.

(g) Provide part interchangeability and open position latches for Solar Panel doors (OSG request).

(h) Design short-can variant of MMC housing for supporting more then 12 instruments.

(i) Complete three PUCK packaging functional examples and actively address any PUCK integration issues that emerge.

(e) MOOS Mooring and high risk elements and risk mitigation plans.

(i) The risk of premature failure of the riser cable and/or floatation package due to environmental stress not predicted in the mooring design stage (requirements generation). As discussed in last year’s proposal, this risk is being addressed by the aggressive cable modeling/design and laboratory and field-test program; however it remains significant. Andy Hamilton’s work to derive bending angle with load predictions from the WHOI cable model is a major step forward in our ability to predict forces on the riser cable beyond simple tension. The installation of accelerometers on the cable and logging load data at 4 Hz on MTM#2 is also helping to validate the model calculations. As a result we are consistently upgrading and improving our requirements. We still have work to do here, for example we have not yet discovered the cause of the floats slipping up the cable on the MTM#2 deployment. Our underestimation of the drag on the floatation package and/or clamp force of the restraining device has been a significant setback. The instrument suite and logging capability we have on the MTM#2 test mooring is designed to give us a reasonable chance of determining the cause. The mitigation strategy would depend on our ability to determine the exact cause of failure and design around it. 

(ii) Premature failure of the riser cable due to the cable design and/or construction or floatation package not meeting requirements. As we learn more about the environmental forcing the cable experiences and improve our test program, both in the laboratory and at sea, we are improving the resolution and accuracy of our requirements. Better specified requirements and corresponding qualification tests improves our chances of discovering potential flaws in the cable or floatation design as early as possible in the development cycle. The cable itself is tightly specified with the onus on the vendor to satisfy the requirements of our application. Partial mitigation in this instance is our effort to test multiple cable designs from alternate vendors. Mooring turn-around times are lengthy and costly so a premature failure from any cause has substantial schedule and cost impact. We are making every effort to uncover cable design or construction flaws early in the cable design and procurement process.

(iii) Premature failure of the snubber assembly. The snubber assembly is a simple concept for absorbing vertical wave energy in buoy systems, however its successful application requires careful design and manufacturing work using fiber rope technology, optical cabling and rubber extruding and laminating technology. Our risk mitigation plan has three elements. First we have been working very closely with the developers of the technology (Walter Paul at WHOI and three separate manufacturers) to perfect the design. Secondly we are testing extensively both in the laboratory and at sea to uncover any design or manufacturing flaws. Finally we are trying to keep spare units for each required element so a defective part can be readily exchanged with minimum schedule impact. The failures we have experienced to date have been traced to manufacturing flaws and we have improved our testing protocol to eliminate them early in the manufacturing process. We have used snubbers on both MTM#1 and MTM#2 and extended the length of the snubber section on MTM#2 to improve mooring performance so we are now short on spares. A request for additional units is included in the 2005 budget request.

(iv) Undiagnosed failure of the observatory system during installation or operation. Our experience over the past year preparing for prototype BIN deployment and seafloor cable laying as well as undertaking several unsuccessful operational missions to the base of the mooring have forcefully reminded us of the harshness of our operating environment, the risk to equipment and the cost in dollars and human effort to engage in observatory installation and maintenance. For example, placing a BIN on the seafloor and actively laying cable from the base of a mooring is a multi-day operation that deploys equipment with great value. There is great difficulty of repair once the system is in place and without the proper tools and procedures even just diagnosing a problem could require the recovery of portions of the observatory, with the distinct possibility of irreversible damage during the process, for example damaging the Benthic cable during re-spooling. For this reason each step in the installation of a seafloor observatory must be incrementally testable for proper operation during the installation process. The allows the faulty installation step to be either immediately rectified or reversed without requiring subsequent mobilizations or disturbing other non-failed parts of the system. For example after connecting an EOM benthic cable connector to the base of the mooring you must be able to actively verify the optical and electrical functionality of the connection before laying several kilometers of seafloor cable. The MOOS mooring system has been designed with the diagnostic functions to support extensive fault diagnoses and isolation. An example is the active ground fault detection function. The multi-node optical communications card for the MMC, “Medusa” has been designed with active diagnostics and automatic fail-over to parallel optical circuit capability that is not provided in suitable off-the-shelf units or simpler circuit designs. To take full advantage of these remote diagnostic tools requires an optical/electrical connector port on the installation ROV that is compatible with the observatory type and a loop back connector on the end of the benthic cable. These items and the resources to design the appropriate fixtures are requested in the budget.

(v) Failure to meet the time-base distribution requirements. Our requirement is to have 10-millisecond clock accuracy at any optically or electrically connected node in the MOOS network. If we fail to meet this requirement then we will have to reduce system clock accuracy. Each instrument that requires 10-millisecond accuracy will then have to provide it’s own local time source. The primary impact is on seismic work.

(vi) Failure to meet hardware electrical low power consumption targets. Our goal is to have 90% of the delivered power available for scientific instruments. This requires that all observatory infrastructure functions such as data logging and communications use 10% or less of the total delivered power. If we fail to meet this target it will reduce the available science power by a like amount, reducing the number of sampling systems and/or sampling rates. The preliminary data from the CIMT deployment is that the infrastructure is using about 18% of the available power. We continue to make efficiency improvements but do not see power consumption as a make-or-break issue for MOOS.

(viii) The risk of bankruptcy of Globalstar Communications Company, our over-the-horizon communications service provider. We continue to actively test a communications system using the Iridium satellite constellation as an alternate service provider in case of disruptions in Globalstar service. Switching to Iridium would have some cost and data throughput penalty. MTM#1 and #2 field results show the Globalstar satellite link to be extremely robust and reliable. Globalstar LLC has been refinanced and appears solvent for the next several years.

(f) MOOS mooring critical dependencies on other projects.

(i) The MOOS mooring project continues to be closely linked to the development of the "deployed" and "operational" software systems developed in the SIAM project and to the "shoreside data system" or SSDS project. Failure of these projects to meet their requirements on the proposed timeline directly impacts the functionality of the mooring system however, experience to date with the MTM#1, #2 and CIMT deployments has been that the MOOS mooring, SIAM and SSDS projects are able to work in a dynamic well-coordinated fashion together and each project's dependencies were respected and met with "best effort".

 (iii) The ability to deploy BINs accurately and safely in depths of 3200 meters is critical for the overall program success as is the ability to reliably lay seafloor cable between them. Developing and testing this capability is part of a separate "Tiburon cable laying toolsled testing " and "Canyon Dynamics" projects. Both of these efforts have been moving forward steadily and cable laying has been successfully demonstrated on both Ventana (<1400 meters) and Tiburon (3200 meters). BINs have been successfully deployed by the Western Flyer at Shepard’s Meander in 3200 meters depth.

(g) MOOS Mooring 2005 deliverables.

(i) Mooring based observatory system mechanical hardware for use in 3200 meters of water at the MSE target site. At the end of 2005 the OEM mooring system hardware will be complete, including seafloor BIN hardware and interconnect cabling, and ready for final scientific instrument and software integration.

(ii) Power generation system that will provide 30 watts minimum, 50 watts typical from buoy solar and wind energy collection.

(iii) A fault tolerant power system with remote diagnostics capable of delivering up to 100 Watts to the seafloor (low power source will be 30 Watts).

(iv) Mooring controller (MMC) hardware and communications network that operates as a network that includes one surface and three benthic nodes.

(v) Optical communications for connecting separate MOOS host nodes up to 10km apart.

(vi) Electrical and communications infrastructure to support over-the-horizon deployment up to 300km from shore.

(vii) Test equipment and operational procedures to allow the orderly installation and remote maintenance of the observatory with a minimum of on-site expeditions and ROV intervention missions.

(h) MOOS Mooring Core Engineering Team. Mark Chaffey (project manager, co-lead engineer), Andy Hamilton (co-lead engineer), Jon Erickson, Mike Kelley, Lance McBride, Ed Mellinger, Tim Meese, Wayne Radochonski.

(i) Summary Work Breakdown Structure (WBS) with resources.

Resource totals

326 days (2 FTE) electrical engineer

186 days (1.2 FTE) software engineer (SE and Wayne)

192 days (1.2 FTE) mechanical engineer

130 days Etech

131 days Mtech

28 days OSG

115 days Shop
	Tasks
	Scheduled Completion Date
	Resources - days
	 
	 
	 
	 

	 
	 
	EE
	SE
	ME
	ETECH
	MTECH
	OSG
	SHOP

	MBARI (total request)
	 
	326
	186
	192
	130
	131
	28
	115

	NSF funded
	 
	30
	10
	10
	5
	10
	5
	 

	Project management
	12/31/2005
	75
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	MSE cable design and sample testing
	8/15/2005
	8
	 
	25
	5
	15
	 
	20

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Respecify floatation cable clamp
	3/35/05
	 
	 
	20
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Test mooring #2 recovered and analyzed
	5/10/2005
	21
	 
	15
	 
	7
	14
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Test mooring #3 recovered and analyzed
	12/10/2005
	15
	 
	15
	 
	5
	14
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Medusa comms card complete
	4/15/2005
	 
	94
	 
	15
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Modify snubber junction box design
	4/29/2005
	10
	 
	10
	5
	 
	 
	15

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Multi-node time synchronization compete
	8/15/2005
	1
	15
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Power system modifications complete
	6/21/2005
	150
	23
	60
	70
	70
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	MSE surface and BIN nodes complete
	3/27/2004
	15
	 
	23
	10
	15
	 
	60

	 
	 
	 
	 
	 
	 
	 
	 
	 

	MMC firmware and OS support
	12/25/2005
	 
	34
	 
	15
	5
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	RF/IO card embedded software
	4/22/2005
	4
	5
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Solar panel doors open position latches
	9/31/2005
	 
	 
	21
	 
	4
	 
	12

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Short can design and fabrication for multi-node surface configuration
	7/31/2005
	2
	 
	3
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	PUCK prototype packaging design and general hardware support
	5/27/2005
	23
	10
	 
	 
	10
	 
	8

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Procedures MMC and power system PCB firmware install, testing
	4/27/2005
	2
	5
	 
	10
	 
	 
	 


(j) MOOS mooring 2005 cost against WBS (MBARI costs also entered in web entry).
	mrc rev 1.1 - 30AUG05
	2005 MBARI Budget Expense
	2005 NSF/OCE 0337893 Budget Expense

	MOOS mooring project total 2005 cost
	$460,400.00
	$51,700.00

	 
	 
	 

	Test mooring recovery, cable design and testing
	$20,500.00
	$46,500.00

	Recover test #2 mooring April 12, 2005
	$11,500.00
	 

	Test MTM#2 recovered cable segments to failure
	$4,000.00
	 

	Recover test #3 mooring Fall, 2005
	 
	$11,500.00 

	Riser cable test samples
	 
	$15,000.00

	Riser cable qualification testing
	$5,000.00
	 

	Cable test jig materials
	 
	$13,000.00 

	Test recovered MTM#3 cable segments for residual strength
	 
	$7,000.00 

	 
	 
	 

	MSE mooring mechanical elements
	$159,700.00
	 

	Snubber hose assembly
	$14,700.00
	 

	MSE snubber optical cable and connector assembly
	$49,000.00
	 

	MSE additional cable floats, bending strain reliefs and clamps
	$45,000.00 
	 

	Termination materials
	$14,000.00
	 

	Termination bending strain reliefs
	$11,000.00
	 

	connectors and cabling
	$7,000.00
	 

	UW acoustic homer pro X 2 @ $4500
	$9,000.00
	 

	Misc. mechanical supplies
	$10,000.00
	 

	 
	 
	 

	Mooring electronics
	$66,700.00
	 

	Deployed electronic materials, compass, gps
	$5,000.00
	 

	Satellite communications hardware and use fee
	$7,000.00
	 

	connectors and cabling
	$11,000.00
	 

	Power system components
	$38,700.00
	 

	Misc. electronic supplies
	$5,000.00
	 

	 
	 
	 

	BINs total
	$211,900.00
	 

	Fabricate BIN 1 (mooring base)
	$54,700.00
	 

	optical bulkhead connectors
	$31,200.00
	 

	electrical connectors
	$5,000.00
	 

	electronic materials
	$5,000.00
	 

	electronic housing and penetrator
	$2,700.00
	 

	4 km seafloor cable @ $ 7.45 meter
	(Supplied by Canyon Dynamics)
	 

	Titanium Sphere
	$5,500.00
	 

	fab. materials
	$5,300.00
	 

	 
	 
	 

	Fabricate BIN 2 (canyon shelf)
	$124,700.00
	 

	optical bulkhead connectors
	$31,200.00
	 

	electrical connectors
	$5,000.00
	 

	electronic materials
	$5,000.00
	 

	electronic housing and penetrator
	$2,700.00
	 

	4 km seafloor cable @ $ 7.45 meter and connectors
	$70,000.00
	 

	Titanium Sphere
	$5,500.00
	 

	fab. materials
	$5,300.00
	 

	 
	 
	 

	Fabricate BIN 3 (canyon floor)
	$32,500.00
	 

	electrical connectors
	$5,000.00
	 

	electronic materials
	$5,000.00
	 

	electronic housing and penetrator
	$2,700.00
	 

	1 km seafloor cable @ $ 6.00 meter and connectors
	$9,000.00
	 

	Titanium Sphere
	$5,500.00
	 

	fab. materials
	$5,300.00
	 

	 
	 
	 

	Domestic travel
	$1,600.00
	$4,800.00 

	Shipping and postage
	 
	$400.00 


