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1.0 MOOS Mooring

(a) The MOOS mooring program has made substantial progress toward the overall goal of creating a full OEM (Optical Electrical Mechanical) cable-to-the-sea-floor mooring system. The low voltage power system, mooring controller and over-the-horizon communications systems have all been successfully field-tested. At the same time one of the critical technical areas identified in the previous years proposal as high risk, "The risk of premature failure of the riser cable due to environmental stress not predicted in the mooring design stage (requirements generation)…” has turned out to be a serious problem. The result has been the breaking of the test #1 mooring riser cable near a cable float and a substantial weakening of the cable at other locations. Fortunately we have been able to recover nearly all of the test hardware and the cause of the failure has been clearly established. The analysis of this cable failure and the great data set we collected during the severe storm conditions the test mooring experienced has resulted in a much better understanding of the bending environment of our mooring configuration and the sensitivity of our deployment test #1 cable design to these conditions.  Based on these results, we have improved our bending stress prediction methods and are currently working with four potential cable suppliers and Walter Paul (WHOI) to design a new OEM cable with substantially less bending sensitivity for the next test deployment. We are also focusing our attention on all areas where the cable sees repetitive bending stresses including the termination bending strain relief’s, the float attachment cable clamps and during manual and automatic (winch) handling operations. In a more aggressive approach to solving the OEM cable mooring design problem we plan on deploying engineering test moorings with the two most promising cable designs to validate the results of our cable design analysis and laboratory testing. A major motivation for field-testing two different cables is the emergence of a split in the design offerings between conventional outer strength member cables and more novel center strength member cables.

In a related effort we plan on deploying a single BIN using the Western Flyer in approximately 1200-1500 meters water depth in early 2004 prior to deploying test mooring #3 in May. We propose to then deploy test mooring #3 and make a cable connection to the BIN using Ventana to gain experience with this important OEM mooring task before we attempt the operation further offshore for the "MOOS OEM mooring" deployment planned for 2005.

(b) The MOOS mooring program has been revised for 2004 in several key areas from the original goal of fielding a full on benthic science experiment in 2004.

(i) The project effort has received two years of NSF funding in collaboration with WHOI (MBARI portion $648,550) to improve buoy OEM riser cable predictive modeling tools, develop cable verification bending stress test protocols and fund the purchase price of the field test cable and deployment ship days (MOOS OEM mooring science experiment deployment). The benefits of this funding are twofold, MBARI's internal capital expenditures for developing the OEM cable mooring for 2004 and 2005 are reduced significantly and MBARI's and WHOI's external funding will allow a greater effort be directed toward improving OEM cable survival predictive models and laboratory qualification tests then previously planned.

(ii) The breakage of the first test mooring riser cable has resulted in resources being expended to analyze the cable failure and specify an improved riser cable design, contributing to the delay in the overall schedule for the OEM cable mooring science experiment deployment from 2004 into 2005. The design and fabrication of the OEM benthic anchor and benthic power distribution systems are approximately 7 months behind the original schedule.

(iii) As a result of (ii) the first planned science deployment has been reprogrammed to be a "MOOS lite/CIMT" upper water column mooring. This provides science data return and full application field-testing of the MOOS mooring MMC, SIAM and SSDS systems without being directly dependent on the more technically risky OEM cable mooring development schedule. The MOOS mooring project plans on fielding the full science experiment OEM cable mooring in 2005 after cable and shallow water (1500 meters) testing in 2004.

(c) MOOS mooring program work in 2004 will be directed toward three major goals. 1. We will continue to work toward validating the MOOS OEM cable mooring mechanical design through our cable modeling, lab testing and "test #2" and "test #3" field test deployments.  2. We will fully integrate the multi-node MMC architecture with a science experiment instrument suite and provide support for the "CIMT/MOOS Lite" science deployment as a field test. 3. We will complete the design and fabrication of the seafloor portions of the mooring OEM cable system and fully test during the "test #2" and "test #3" field test deployments. 

(d) Specific efforts in 2004 will be directed toward the following areas:

(i) Monitoring the performance and recovery of the test #2 mooring (deployment Dec. 2003, recovery May 2004).

· To test the design life of the 2nd generation OEM mooring cable, cable terminations, bending/axial strain reliefs, and other critical mechanical elements of the design.

· To continue to validate and improve the accuracy of the WHOI CABLE dynamics model used to predict the mooring riser cable configuration, bending stresses and cable axial loading. To test the design life of the cable terminations, bending/axial strain reliefs, 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.

(ii)  Launch, monitor the performance and recovery of the test #3 mooring (deployment May 2004, recovery November 2004).

· Test the performance and design life of the 3rd generation OEM mooring cable.

· Test the benthic HV power and communications systems.

· Test BIN deployment and ROV installation operations around the mooring base.

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

(iii) Provide hardware engineering support for OSG’s deployment of the MOOS Lite/CIMT mooring deployment in mid-2004.

(iv) Design and model the mooring configuration for MOOS Science Experiment (MSE) OEM site at Shepard’s Meander.

· Modifications to the design based on the results from the test deployment and the cable-testing program developed by MBARI and WHOI.

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

(v) Complete the detailed designs and fabrication of the MOOS mooring subsystems not completed during 2003.

· Electrical power long haul delivery system.

Electrical power hi-voltage step-up converter. (EE and SE time)

Electrical power hi-voltage step-down converter and distribution switching. (EE and SE time)

· Design and fabrication of three seafloor mounted BINs incorporating the MOOS controller in deep submergence housings with connectors and wiring and mechanicals integrated with current BIN mechanical design.
 (v) Continue 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) Begin integration of MOOS computer hardware with the specific instrument suite for the MSE deployment and associated drivers developed as part of the deployed and operational software systems (SIAM) and CIMT projects.

 (vii) Continue research and evaluation of advanced alternative mooring power sources that can provide an overall 100 Watt mooring power capability.
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MOOS Mooring 2003, 2004, 2005 deployment schedule.

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

Tasks
Scheduled Completion Date
Resources - days







EE
SE
ME
ETECH
MTECH
OSG
SHOP



277
55
153
90
57
22
70

Project management
12/31/04
75

















Anchor system complete
3/13/04
8

25
5
10

20











Test mooring #2 recovered and analyzed
5/10/04
21

15

7
8












Deploy test mooring #3
5/10/04
35
10
35

5
14
25











Power step-up converter complete
1/28/04
8
15
5
15


5











Power step-down converter complete
2/29/04
35
10
5
10


5











MMC uplink port driver software
3/15/03
1
15
















BIN design complete
2/21/04
25

14















BIN #1 fabrication complete
3/27/04
15

5
15
15

5











BIN #2 fabrication complete
7/25/04
3

2
15
10

5











BIN #3 fabrication complete
8/22/04
3

2
15
10

5











Research 100 W mooring power
12/31/04
20

















Design/cable modeling for MSE
12/31/04
30

45















Start lab integration with instruments
10/27/04
10


15




(e) 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, Wayne Radochonski.

Resource totals

277 days (1.7 FTE) electrical engineer

55 days (0.3 FTE) software engineer (SE and Wayne)

153 days (0.95 FTE) mechanical engineer

90 days Etech

57 days Mtech

22 days OSG

70 days Shop
(f) MOOS Mooring and 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 risk is being addressed by the aggressive cable modeling/design and test program in collaboration with WHOI (partially supported by NSF), however it remains significant. Further cable failures 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 moorings 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. As we learn more about the environmental forcing the cable experiences and improve our test program, both in the laboratory and at sea, the better or chances of discovering potential flaws in the cable 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 would have substantial schedule and possibly cost impact. We are making every effort to uncover cable 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 have spare units for each required element so a defective part can be readily exchanged with minimum schedule impact.

(iv) 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.

(v) 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 continue to actively test a communications system using the Iridium satellite constellation as an alternate service provider in case of disruptions in Globalstar service. Field test #1 results showed the Globalstar satellite link to be extremely robust and reliable.

(g) 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 a lessor extent 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. Experience with the test #1 mooring was that the MOOS mooring, SIAM and SSDS projects were able to work in a dynamic well-coordinated fashion together and each project's dependencies were respected and with 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.

(h) MOOS Mooring 2004 deliverables.

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

(h) MOOS mooring 2004 cost against WBS (MBARI costs also entered in web entry).

mrc rev 1.5 - 1AUG03
2004 MBARI Budget Expense
2004 NSF Proposal Budget Expense

MOOS mooring project total 2004 cost
$326,800.00 
$408,600.00





Test #2 mooring
$11,200.00 


Recover test #2 mooring May 11, 2004
$11,200.00 


Test recovered cable segment to failure

$7,000.00 





Test #3 mooring
$41,200.00


Snubber assembly spares
$30,000 


Riser cable test samples

$15,000.00 

Riser cable qualification testing

$26,000.00 

Cable test jig materials

$32,000.00 

Deploy test#3 mooring May 10, 2004
$11,200.00 


Recover test #3 mooring November 13, 2004

$11,200.00 

Test recovered cable segment to failure

$7,000.00 





MSE mooring mechanical elements
$83,000.00 


Snubber assembly
$10,000.00 


Re-engineered cable floats

$35,000.00 

Riser cable test samples

$15,000.00 

Riser cable qualification testing

$30,000.00 

Riser cable 4.5km@$50/meter
 
$225,000.00

Termination materials
$15,000.00 


Termination bending strain reliefs
$11,000.00 


connectors and cabling
$7,000.00 


UW acoustic release X 2 @ $15k
$30,000.00


Misc. mechanical supplies
$10,000.00






Mooring electronics
$33,000.00 


Deployed electronic materials, compass, gps
$15,000.00 


Satellite communications hardware and use fee
$7,000.00 


connectors and cabling
$6,000.00 


Misc. electronic supplies
$5,000.00 






BINs total
$156,000.00 






Fabricate BIN 1 (mooring base)
$60,400.00 


optical bulkhead 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
(Supplied by Canyon Dynamics)


fab., materials & plating
$11,500.00 






Fabricate BIN 2 (canyon shelf)
$60,400.00 


optical bulkhead 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
(Supplied by Canyon Dynamics)


fab., materials & plating
$11,500.00 






Fabricate BIN 3 (canyon floor)
$35,200.00 


electrical connectors
$5,000.00 


electronic materials
$10,000.00 


electronic housing and penetrator
$2,700.00 


1 km seafloor cable @ $ 6.00 meter
$6,000.00 


fab., materials & plating
$11,500.00 






Domestic travel
$2,400 
$4,800.00

Shipping and postage

$600.00
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