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2.3 MOOS Mooring and Vertical Profiler

(a)  Work in 2003 will be directed toward two major goals. We will validate the MOOS mooring design by monitoring the performance of the test mooring deployed in 2002 and comparing the resulting data with values predicted in our design analysis and modeling efforts. The project team will also continue with the detailed design of the next mooring deployment configuration, the complete mooring system in the low power configuration with Benthic Instrument Nodes (BIN). This mooring design will meet the requirements of MSE2004 and interface and power both UWC and benthic instruments. When integrated with the efforts of the companion MOOS software development projects a complete offshore oceanic observatory capability will be created. The MSE2004 deployment is scheduled for the second qtr 2004. 

(b) Efforts in 2003 will be directed toward the following areas:

(i) Monitoring the performance and recovery of the test mooring.

· To validate the accuracy of the WHOI CABLE dynamics model used to predict the mooring riser cable configuration and cable loading.

· To test the design life of the cable terminations, bending/axial strain relief’s, and other critical mechanical elements of the design.

· To test our ability to perform the ROV operations necessary for completing the connections between the riser cable and the seafloor mounted instrumentation.

· To validate the Globalstar satellite modem over-the-horizon communications design. 

(ii)  Redeploy the test mooring hardware for the 2003/2004 winter season.

· To test ROV operations around the mooring base.

· Extend the fatigue cycle testing and generally gather more experience with the hardware.

· This deployment can be directed to supporting the basic power and communications functions of a simple science experiment such as connecting to the Canyon Dynamics in-place hardware. 

(iii) Design and model the mooring configuration for MSE2004 site.

· Include high resolution profiling capability. Funds are included to deploy a commercial unit for evaluation as part of the MSE 2004 experiment.

· Modifications to the design based on the results from the test deployment.

· Work with AUV docking project on systems design and interface requirements.

(iv) Completing the detailed designs and fabrication of the MOOS mooring subsystems not already being validated on the test mooring.

· Electrical power long haul delivery system.

Electrical power hi-voltage step-up converter.

Electrical power hi-voltage step-down converter and distribution switching.

· Mooring controller (extension of NMC).

Optical communications card for the NMC chassis with network drivers.
Time-base distribution function.

· Fabrication of three seafloor mounted BINs.

· Adapt NMC/MOOS controller to deep submergence housings and connectors and integrate wiring and mechanicals with current BIN mechanical design.
 (v) Integration of MOOS mooring hardware functions such as power switching, fault alarms, etc. with deployed and operational software systems for infrastructure monitoring and control.

(vi) Integration of MOOS hardware with the specific instrument suite for MSE2004 and associated drivers developed as part of the deployed and operational software systems projects.

(vii) Complete fabrication of the mooring based observatory for MSE2004. This will include the low power version mooring system, two and optionally three BINs and an over-the-horizon data connection back to shore. The operating software will be an initial release of ISI software with proof-of-concept applications drivers to support the specific instrument suite specified in the target science experiment.

(viii) Research and evaluate advanced alternative mooring power sources that can provide an overall 100 Watt mooring power capability.
(c) Summary Work Breakdown Structure (WBS) with resources.
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Project management
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Anchor system complete
5/13/03
8

18



20











Test mooring recovered and analyzed
6/24/03
21
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7
7












Deploy test mooring for winter 2003/2004
9/29/02
10

10
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10











All MSE 2004 system on order
8/18/03
31
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Power step-up converter complete
4/28/02
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15
5
15
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Power step-down converter complete
7/29/03
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5
10


5











Mooring controller complete
5/14/03
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76
5
30
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BIN design complete
2/21/03
14
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BIN #1 fabrication complete
6/27/03
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BIN #2 fabrication complete
7/25/03
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BIN #3 fabrication complete
8/22/03


1
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4
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Research 100 W mooring power
12/31/03
20

















Start lab integration with instruments
10/27/03
10


15




(d) MOOS Mooring Core Engineering Team. Mark Chaffey (project manager, lead engineer), Jon Erickson, Mike Kelley, Lance McBride, Ed Mellinger, Wayne Radochonski.

Resource totals

389 days (2.4 FTE) electrical engineer

101 days (0.6 FTE) software engineer (SE and Wayne)

80 days (0.5 FTE) mechanical engineer

115 days Etech

34 days Mtech

24 days OSG

100 days Shop
(e) MOOS Mooring and Vertical Profiler high risk elements and risk mitigation plan.

(i) The risk of premature failure of the riser cable due to environmental stress not predicted in the mooring design stage (requirements generation). This would require fundamentally re-examining the modeling effort and mooring configuration. The mitigation strategy would depend on our ability to determine the exact cause of failure and design around it. If a failure occurs the instrument suite and logging capability we have on the test mooring is designed to give us a reasonable chance of determining the cause.

(ii) Premature failure of the riser cable due to the cable design and/or construction not meeting requirements. Our extensive test program, both in the laboratory and at sea is designed to uncover any potential flaws in the cable design as early as possible in the development program. 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 to have the vendor manufacture a second cable that meets requirements. Alternate vendors have also been identified. We do not have a spare cable so a premature failure from any cause would have substantial schedule and possibly cost impact.

(iii) Premature failure of the snubber assembly. The snubber assembly is a simple concept for absorbing vertical wave energy in buoy systems, however it’s 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 have spare units for each required element so a defective part can be readily exchanged with minimum schedule impact.

(iv) Failure to provide high resolution vertical sampling in the upper water column. If we are unable to provide high resolution vertical sampling in the upper water column the fallback capability is the current data collection system of using a fixed instrument cage at 10 meters and a series of SeaBird Microcat CTD samplers at intervals down to 300 meters.

(v) Failure to meet the time-base distribution requirements. Our requirement is to have 10 millisecond clock accuracy at any direct connected node in the MOOS network. If we fail to meet this requirement then each instrument that requires this level of accuracy will 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.

(vii) The risk of bankruptcy of Globalstar Communications Company, our over-the-horizon communications service provider. We are actively testing a communications system using the Iridium satellite constellation as an alternate service provider in case of disruptions in Globalstar service.

(f) MOOS Mooring and Vertical Profiler critical dependencies on other projects.

(i) The MOOS mooring project is closely linked to the development of the "deployed" and "operational" software systems and to a lessor extent the "shoreside data system". Failure of these projects to meet their requirements on the proposed timeline directly impacts the functionality of the mooring system.  It is anticipated that final "lab" integration of hardware and software needs to be well underway in the 4th qtr 2003.

(ii) The MOOS mooring project depends on the NMC hardware and software development efforts for generic mooring controller functionality. The MOOS project provides extensions to the core NMC system. A solid and dependable NMC core architecture and implementation is key to the success of the MOOS controller.

(iii) The ability to lay seafloor cable to BINS at depths of 3200 meters is critical for the overall program success. This capability is part of a separate "cable laying sled adaptation to Tiburon" project.

(g) MOOS Mooring and Vertical Profiler 2003 deliverables.

(i) Mooring based observatory system mechanical hardware for use in 3200 meters of water at the MSE 2004 target site. At the end of 2003 the 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 20 Watts 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 20 Watts).

(iv) Mooring controller based on the NMC architecture 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.

(h) MOOS mooring 2003 cost against WBS (costs also entered in web entry).

MOOS mooring 2003
$809,473.25 

cable respooler Wagner Smith model RS-84x54-8
$5,255.25 

McClain or Seahorse vertical profiler
$58,900.00 




Test mooring total
$25,400.00 

Recover test mooring
$11,200.00 

Test deployed cable segment to failure
$3,000.00 

Deploy test mooring for winter 2003/2004
$11,200.00 




MSE 2004 mooring and BIN (3) total cost
$719,918.00 

Mooring mechanical elements
$299,118.00 

Snubber assembly
$51,000.00 

Riser cable 4km@$44.20/meter
$189,618.00 

Surface float
$11,000.00 

Riser line floats
$25,000.00 

Solar panels
$8,000.00 

Tower and bridle
$14,500.00 




Electrical power step-up converter
$20,500.00 

power step up converter PCB
$10,000.00 

power step up converter monitoring micro
$3,500.00 

connectors and cabling
$7,000.00 




Electrical power step-down converter
$8,000.00 

power step down converter PCB
$4,500.00 

distribution switching network
$3,500.00 




Mooring controller
$45,000.00 

optical communications PCB - 5 units
$7,500.00 

backplane redesign
$2,500.00 

Deployed electronic materials, compass, GPS
$12,000.00 

Controller lab test hardware set
$10,000.00 

Satellite communications hardware and use fee
$7,000.00 

connectors and cabling
$6,000.00 




BINs total
$347,300.00 

Mechanical design of controller housing
$2,700.00 

Wiring and connector design
$5,000.00 




Fabricate BIN 1
$123,600.00 

optical connectors
$62,400.00 

electrical connectors
$5,000.00 

electronic materials
$10,000.00 

electronic housing and penetrator
$2,700.00 

4 km seafloor cable @ $ 7.45 meter
$32,000.00 

fab., materials & plating
$11,500.00 




Fabricate BIN 2
$123,600.00 

optical connectors
$62,400.00 

electrical connectors
$5,000.00 

electronic materials
$10,000.00 

electronic housing and penetrator
$2,700.00 

4 km seafloor cable @ $ 7.45 meter
$32,000.00 

fab., materials & plating
$11,500.00 




Fabricate BIN 3
$92,400.00 

optical connectors
$31,200.00 

electrical connectors
$5,000.00 

electronic materials
$10,000.00 

electronic housing and penetrator
$2,700.00 

4 km seafloor cable @ $ 7.45 meter
$32,000.00 

fab., materials & plating
$11,500.00 

(i) MOOS mooring descoping options. The following project descoping options are available to reduce the mooring initial cost and resource usage:

(i) Reuse surface float, bridle, solar panels and tower from previous deployments.  Cost reduction  $48,500. Resource reduction ME - 3 days, Mtech - 10days, Shop - 20 days. The impact would be to lose the ability to service the mooring as a swap rather than a turn-around. Most likely several months of data would be lost during the turn-around and there would be an additional cost of $ 23,000 in ship time for annual maintenance, partially offsetting the reduced initial cost. 

(ii) Remove the third BIN from MSE 2004 deployment. Cost reduction $ 123,600. The cost reduction over the amount budgeted for BIN 3 is because it also allows the removal of one set of optical connectors from BIN 2. Resource reduction Shop - 10 days, Etech - 15 days, Mtech - 2 days. The impact would be on the MSE 2003 science objectives.

