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1.0 MOOS Science Experiment

(a) The plan for the MOOS mooring / MOOS Science Experiment (MSE) program for 2006 is to deploy the complete end-to-end observatory system test in the spring of 2006. This deployment will install and operate the MSE experiment that includes two seafloor Benthic Instrument Nodes (BIN’s) powered from and communicating with a surface buoy (MTM4) in real-time, vertical profilers and sediment traps, see fig. 1. The deployment site for the MOOS Science Experiment (MSE) is the Shepard’s Meander at the lower end of the Monterey submarine canyon, 36 14.067 N 122 54.383 W, in 3100m depth. The science objectives and 

The 2006 MSE deployment represents a shift in the MOOS mooring project from an engineering development project to a major science experiment. All of the subsystem hardware and software elements have been built and are completing laboratory testing in late 2005. Field tests have been conducted of the mooring system electronics, riser cable mechanics/optics, and vertical profilers. The emphasis for 2006 is completing the final integration of the MSE science instruments with the MOOS mooring system, deploying the complete experiment using the Pt. Sur, Western Flyer/Tiburon and Zephyer, monitoring the observatory performance, and performing routine maintenance. This proposal therefore collects and contains all of the engineering and science equipment costs associated with deploying and operating the MSE experiment in 2006. This includes the MOOS mooring system, two Benthic instrument nodes (BINS), the surface (Seahorse) and Benthic (McLane) vertical profilers and three separate sediment trap moorings. It also captures all of the engineering labor resources to install and maintain the experiment through 2006.

The status of the various MSE system elements is as follows:

Riser cable and float system. These important elements were field tested on MTM2 for one year (2003-2004). Post deployment tests of the remaining strength of the riser cable showed that several areas of the riser cable showed significant strength reduction and the cable would have been unlikely to have survived for two years at sea. A series of laboratory tests and pull-to-break exercises have been conducted in 2005 to understand the cause of the cable damage and make the design changes necessary to increase the cable life to meet the program goal of three years. These design changes will result in a stiffer cable, redesigned cable clamp and possibly modified float profile for the MSE deployment. The cost of terminating the cable is in the 2006 project budget. We also are requesting a replacement bridle load cell. The original cells have been failing due to water intrusion after about 6 – 8 months. A replacement corrosion proof cell would pay for itself within one year at current failure rates and repair costs. The continuity of the dynamic performance data provided by the load cell is critical to increasing the resolution of our modeling efforts and to understanding the response of the system to environmental stress and configuration changes. We have eliminated the anchor load cell from the design to the bridle load cell is our only load sensing element.

The surface power system has been completed and tested successfully on the MTM2 and CIMT deployments. The 48 to 400 volt high efficiency DC-to-DC and 400 to 12 volt converters that provide power to seafloor installations over long cable runs have 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 available from support engineering as a stock item.

The “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, see fig. 2. 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 was forced to cancel this test because of problems with the MTM2 mooring floats which prevented connecting to the mooring base. During the last quarter of 2005 three deployment article BINs will be assembled with all associated instrumentation and tested. Two BINs will be deployed in 2006 and one will be kept intact as a “hot spare” for maintenance swaps. Maximum possible reuse is being made of optical and electrical connectors originally purchased as part of the Canyon Dynamics project to save costs.

The Benthic cable is being reused from the Canyon Dynamics project. The MSE installation requires two reels of cable, as shown in fig. 3, which we currently have in-house. One spare reel has been purchased and the termination of this cable is budgeted for 2006. This allows the MSE installation to proceed using the spare if one of the cables is seriously damaged during installation.  
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Vertical profiling efforts within MOOS have been aimed at providing the profiling capability needed for the Shepard Meander experiment in 2006.  To do this, two commercially available profilers have been evaluated, tested, and integrated into the MOOS/SIAM/SSDS system, the McLane deep profiler and the Seahorse upper water column profiler. For MSE both instruments will telemeter data in near-real-time through the MOOS mooring system. Near the seafloor, the McLane profiler has proven quite effective, collecting data autonomously from the bottom 500m of the canyon at Shepard Meander since June 2004.  In August, 2005, this system was recovered for the purpose of integrating an inductive modem communication capability.  This work will be completed in 2005 and the profiler will be re-deployed at Shepard Meander in October 2005, ready to connect to the MOOS mooring supported infrastructure when it is installed in March 2006.  The project includes resources for two service turn-arounds of this instrument in 2006 and includes replacement batteries for the profiler, release, and beacons, replacement anchors and miscellaneous replacement mooring parts (chain, wire-rope, shackles, etc).

Test deployments of the upper-water-column wave-powered Seahorse profiler from Brooke Ocean Technology have occurred in 2005 with mixed results.  When operational, the system has returned profile data through SIAM/SSDS in near real-time with [image: image5.png]



Figure 3. MSE cable and BIN layout.

impressive regularity and energy efficiency.  Firmware problems with the unit have interrupted operation at times and the manufacturer is currently investigating the cause and solution.  A mechanical failure has also plagued the test deployment and delayed testing a few months.  Fortunately, there does not appear to be a fundamental problem with the profiler and the problems appear resolvable.  It is expected that the system will be demonstrated to be robust in the second half of 2005.  Deployment of the system at Shepard Meander presents some challenges beyond the shallow water test deployments and resources are included to support: (a) Development, build and deployment of a deep-water mooring for the Seahorse profiler and surface expression. (b) Add a tracking beacon (Argos) to the float and profiler such that the equipment isn’t lost in the case of a failure.  (c) Two servicing trips for the profiler in 2006, including replacement batteries and spare mooring hardware.  These servicing trips are combined with servicing trips for the other equipment at Shepard Meander.

MOOS Science Experiment Instrumentation. The instrument list for MSE is extensive and ranges from the air-sea boundary to the Benthos. The instrumentation complement has been reused from previous experiments and projects (47%), purchased for MSE in 2005 (23%) with the balance of the required instrumentation in the 2006 project request (30%). Enough spares are requested to fully equip one “hot spare” Benthic BIN which will be used as a maintenance swap article. The maintenance cruise cycle plan services the BINS annually but staggered by four months to allow turn around using the single spare. The surface instrumentation is not currently planned to be spared with the exception of the ASIMET wind sensor and the Wetlabs fluorometer. 

(b) Specific efforts in 2006 are to complete the pre-deployment integration of the entire MSE package, deploy it and operate the experiment. This includes final testing of individual instrument software “instrument services”, riser and Benthic cable termination, end-to-end full hardware system testing, and full up system software checkout. We will perform operational staging of all the required material and conduct the full system deployment. The deployment is planned to occur in two phases to allow adequate time for system checkout and revising operational procedures if necessary before mobilizing for the next installation cruise. In phase one the MTM4 mooring, sediment traps and the canyon SHELF BIN deployed and tested. Six weeks later we will initiate the phase two cruise, which will install the canyon AXIS BIN and connect the McLane vertical profiler into the mooring system. Alternate cruises are then scheduled during the rest of 2006 to service the vertical profilers, collect the Continental Margins projects RIN, swap the SHELF BIN and service the surface mooring instrumentation. 

(i) Complete MSE detailed experiment software development

(a) Complete individual “instrument service” protocols in collaboration with MSE science team.

(b) Complete additional application services such as data “snapshot” and event detection capabilities.

(c) Completion of several “operational” GUI’s needed for reporting system status and setting configurations.

(ii) Final integration of the MTM4 system hardware and software.
(a) Bench top operation of all instrumentation. Operation through final cabling.

(b) Installation of all hardware on MTM4 buoy and operational testing prior to deployment.

(c) Testing of automatic fail-over and remote diagnostics functions in the networking and power systems..

(iii) Termination of the Riser and Benthic cables.
(a) This work will be conducted by Ocean Design Inc., an outside contractor, at our site.

(iv) Completion of the vertical profiling moorings.

(a) Final testing of the McLane inductive modem communications system and operation with the mooring system.

(b) Design and fabrication of the Seahorse deep mooring.

(v) Dockside end-to-end testing

(a) Full testing of the complete mooring system and Benthic cables prior to deployment all installed in their end-to-end configuration.

(vi) Pre-cruise checkout of the cable laying toolsled.

(a) Shore side testing of the toolsled using HPU.

(b) Mobilization and testing toolsled on the Western Flyer.

(vii) Deploy the MSE system (see detail below).

(viii) Provide on going full maintenance and repair support for MSE for the balance of 2006. Participate on all maintenance and repair cruises and any other efforts required to maintain data return. Make any system or design changes needed.

(c) Detailed deployment and maintenance plan (see also Gantt chart).

(i) Early March 2006. The Continental Margins (CM) project will service the McLane profiler and the CM RIN currently collecting data.

(ii) March 20, 21 2006. Deploy the MTM4 mooring and riser cable with the Pt. Sur. During this cruise the ST1 sediment trap will also be deployed. The mooring will be fully tested after deployment.

(iii) April 3-14. Western Flyer/Tiburon. Phase one deployment. Lower and place the SHELF and AXIS BIN support frames into position. Deploy the SHELF BIN instrument cluster and lay cable connecting to the base of the mooring.

(iv) May 23-31. Western Flyer/Tiburon. Phase two deployment. Deploy the AXIS BIN instrument cluster and cable to the SHELF BIN. Connect the McLane profile to the mooring system.

(v) TBD. Deploy Seahorse profiler at Shepard Meander.

(vi) July 10-11. Zephyer. Maintenance cruise to clean bio-optical instrumentation, download data via local radio link and general maintenance.

(vii) August 30-31. Zephyer. Maintenance cruise to clean bio-optical instrumentation, download data via local radio link and general maintenance. Turn-around Seahorse profiler.

(viii) September 19-21. Western Flyer/Tiburon. Maintenance cruise to turn-around the McLane profiler and recover the Continental Margins (CM) project RIN.

(ix) October 20-23. Zephyer. Maintenance cruise to clean bio-optical instrumentation, download data via local radio link and general maintenance. Turn-around Seahorse profiler.

(x) November 24-28. Western Flyer/Tiburon. Maintenance cruise to turn-around the McLane profiler and swap out the SHELF BIN with the spare BIN. This cruise will be combined with two Jim Barry days requested under a separate project.

(d) 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 has been a major step forward in our ability to predict forces on the riser cable beyond simple tension but we are not yet able to accurately predict the bending fatigue life of the cable in the field based only on modeling and laboratory test results. As stated above the MTM2 riser cable was significantly weakened after a one-year deployment. We believe we have been able to duplicate the failure in the laboratory and have been testing design changes to improve cable life. We will not go ahead with the manufacture of the cable for MSE unless we are confident the cable will survive for at least two years. 

(ii) Premature failure of the riser cable due to the cable design and/or construction or floatation package not meeting requirements. We have been working closely with the cable and floatation manufacturers for several years, sharing what we have learned during our field and laboratory tests. As we have learned more and improved the resolution and accuracy of our requirements the vendors have been making corresponding design changes to meet them. 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. Fortunately our current design has been extremely robust and shows no mechanical degradation after one year at sea. We have experienced flooding of the splice tubes due to a wrong plug alloy being used. Design changes have been made to be more tolerant of water intrusion and procedural changes have been made to ensure the correct parts are assembled. We are also keeping spare units for each required element so a defective part can be readily exchanged with minimum schedule impact. The early failures we have experienced in a few of the coilcords from the first lot have been traced to manufacturing flaws in the fiber optic element jacketing and we have improved our testing protocol to detect them earlier in the manufacturing process before expensive termination takes place.

(iv) Undiagnosed failure of the observatory system during installation or operation. Our previous experience preparing for the 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 substantial 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. The only repair procedure available once the system is in place is a complete module replacement (BIN or cable segment). Without the proper tools and procedures even just diagnosing a problem could require the recovery of portions of the observatory, with the possibility of irreversible damage during the process, for example damaging the Benthic cable during re-spooling. For this reason it is critical that 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 immediately verify the optical and electrical functionality of the connection before and while laying several kilometers of seafloor cable. The MOOS mooring system has been designed with the remote diagnostic functions to support extensive in-situ real-time fault detection and isolation using either a local radio link from shipboard while actively deploying the system or via the satellite communications link from shore when in routine operation.

(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. For MSE there are no instruments with critical timing accuracy requirements.

(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. The MSE experiment places substantially more load on the power system and the infrastructure includes four controllers networked together. We are currently meeting the MSE power budget at the requested sampling rates and we continue to make efficiency improvements so we do not see power consumption as a make-or-break issue for MOOS at this time.

(viii) The risk of bankruptcy of Globalstar Communications Company, our over-the-horizon communications service provider. We have tested 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. MTM1 and MTM2 field results show the Globalstar satellite link to be extremely robust and reliable. Globalstar LLC still appears solvent for the foreseeable future.

(f) MSE mooring critical dependencies on other projects.

(i) The MSE project for 2006 includes all resources needed for the project with two exceptions. First the science effort associated with the MSE is captured in separate science proposals. The overall project effort on MSE will require close cooperation with the science team as the final experiment design is completed. Discussions have indicted that this should not be a problem. Secondly MSE is dependent on the "ShoreSide data system" or SSDS project for data archival and retrieval. SSDS is functioning extremely well and currently has a complete set of baseline features needed for MSE so this dependency is not expected to be a problem if the current SSDS effort is maintained.

 (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 the Shepard Meander in 3200 meters depth.

(g) MOOS Mooring 2006 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 two benthic nodes and one “hot spare” node for service swaps.

(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.

(viii) All upper water column and Benthic science instrumentation that has been specified by the science team for the MSE experiment.

(ix) Deployment testing and maintenance of the MSE experiment with science data return.

(h) MOOS Science Experiment core science team. Charlie Paull, Jim Barry, John Ryan, Francisco Chavez.

(i) MOOS Science Experiment 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.

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

Resource request totals

477 days (3 FTE) platforms engineer

37 days (0.2 FTE) instrumentation engineer (Lance McBride, Wayne Radochonski)
24 days (0.2 FTE) data systems engineer (Kevin Gomes)

47 days (0.3 FTE) OSG

	rev. 1.6 8/20/05 version entered in budget web
	Resources (Days)
	 

	TASK
	Platforms
	Instru.
	Data Systems
	OSG
	DMO
	 

	TOTALS
	477
	37
	24
	47
	11
	

	MOOS mooring 2006 project management
	54
	 
	 
	 
	 
	Mark Chaffey[50%]

	MTM4 Riser, Snubber and Benthic cable assemblies
	 
	 
	 
	 
	 
	 

	MTM4 Cable build
	1
	 
	 
	 
	 
	Andrew Hamilton[3%]

	MTM4 respool cable if necessary
	2
	 
	 
	 
	 
	Andrew Hamilton[60%]

	MTM4 float clamp testing
	6
	 
	 
	 
	 
	Andrew Hamilton[60%]

	MTM4 bottom termination final assembly
	2
	 
	 
	 
	 
	Andrew Hamilton[20%]

	MTM4 Snubber assembly
	 
	 
	 
	 
	 
	 

	MTM4 Snubber assembly final assembly and test
	12
	 
	 
	 
	 
	Mark Chaffey[60%],Jon Erickson

	MTM4 Surface float final mechanical assembly
	 
	 
	 
	 
	 
	 

	MTM4 Install all instruments
	 
	2
	 
	 
	 
	Lance McBride[60%]

	MTM4 Install power and controller housings
	1
	1
	 
	 
	 
	Ed Mellinger[60%],Lance McBride

	MTM4 Complete final buoy wiring
	1
	1
	 
	 
	 
	Ed Mellinger[60%],Lance McBride

	Support of MSE McLane Profiler Deployment
	 
	 
	 
	 
	 
	 

	SIAM service final testing 
	10
	 
	4
	 
	 
	SIAM/Hamilton/SSDS

	Final integration of McLane Communication hardware with MMC/SIAM
	8
	 
	 
	 
	 
	Hamilton/Jensen

	1 Servicing trip to Shepard Meander (requires flyer/tiburon)
	2
	 
	 
	 
	 
	Hamilton

	Deepwater deployment of Seahorse Profiler
	 
	 
	 
	 
	 
	 

	SIAM service final testing 
	10
	 
	4
	 
	 
	SIAM/Hamilton/SSDS

	Seahorse mooring design (modeling and specification)
	10
	 
	 
	 
	 
	Hamilton

	Seahorse mooring assembly and staging
	4
	 
	 
	4
	 
	OSG/Hamilton

	Seahorse deployment
	2
	 
	 
	4
	 
	OSG/Hamilton

	Zephyr trips for servicing (4, can be combined with other trips)
	4
	 
	 
	4
	 
	Hamilton/Hobson

	MSE System final integration and testing
	 
	 
	 
	 
	 
	 

	MSE Instrument service development
	30
	 
	 
	 
	 
	Tom O'Reilly[60%]

	MSE experiment software development
	20
	 
	 
	 
	 
	Tom O'Reilly[60%]

	MTM4 Additional GUI for system diagnostics (RFIO, Medusa, MSP430)
	15
	 
	 
	 
	 
	 Tom O'Reilly[60%]

	MTM4 full system lab testing with all BINs and Benthic cables
	47
	10
	8
	 
	 
	Mark Chaffey[50%],Andrew Hamilton[17%],Ed Mellinger[50%],Tim Meese[17%],Lance McBride[33%],Wayne Radochonski[17%],Tom O'Reilly[67%],Jon Erickson[25%]

	MTM4 full system test tank testing
	8
	 
	 
	 
	 
	Mark Chaffey[50%],Andrew Hamilton[17%],Ed Mellinger[50%],Tim Meese[17%],Lance McBride[33%],Wayne Radochonski[17%],Tom O'Reilly[67%]

	MSE deployment readiness review
	3
	1
	 
	1
	1
	Mark Chaffey[60%],Andrew Hamilton[60%],Tom O'Reilly[60%],OSG,DMO

	MTM4 final end-to-end system integration and testing
	25
	5
	2
	5
	 
	Mark Chaffey[25%],Ed Mellinger[25%],Lance McBride[25%],Tom O'Reilly[50%],Jon Erickson[25%]

	MTM4 load cable on winch spool
	2
	 
	 
	1
	1
	Andrew Hamilton[60%],Mark Chaffey[60%]

	MTM4 and Sediment trap Deployment
	 
	 
	 
	 
	 
	 

	MTM4 Deployment Pt Sur ship days
	11
	4
	1
	8
	4
	Mark Chaffey[60%],Andrew Hamilton[60%],Jon Erickson[60%],Ed Mellinger[60%],Tim Meese[60%],Lance McBride[60%],Wayne Radochonski[60%],Tom O'Reilly[60%],

	MSE Western Flyer ship days phase 1
	18
	 
	 
	 
	 
	Mark Chaffey[100%],Andrew Hamilton[100%],Ed Mellinger[100%],Tom O'Reilly[100%]

	MSE Western Flyer ship days phase 2
	12
	 
	 
	 
	 
	 Mark Chaffey[100%],Andrew Hamilton[100%],Ed Mellinger[100%],Tom O'Reilly[100%]

	MSE maintain mooring and instrument system
	105
	 
	5
	20
	 
	Mark Chaffey[20%],Andrew Hamilton[7%],Ed Mellinger[12%],Tom O'Reilly[5%], Jon Erickson[3%]

	Supplies and equipment <$5000
	 
	 
	 
	 
	 
	 

	Seahorse mooring anchor
	 
	 
	 
	 
	1
	 

	McLane replacement anchors
	 
	 
	 
	 
	4
	 

	MOOS IEEE 1588 preliminary design samples
	8
	8
	 
	 
	 
	 

	Shipping and postage
	 
	 
	 
	 
	 
	 

	Misc. shipping charges
	 
	 
	 
	 
	 
	 

	MTM4 cable shipping charges (surface)
	1
	 
	 
	 
	 
	Jon Erickson[3%]

	Outside Services
	 
	 
	 
	 
	 
	 

	MTM4 terminate riser cable (outside service)
	8
	 
	 
	 
	 
	Mark Chaffey[50%]

	Misc. activities
	 
	 
	 
	 
	 
	 

	MOOS team manuscript preparation
	20
	5
	 
	 
	 
	Mark Chaffey[100%],Andrew Hamilton[100%],Ed Mellinger[100%], O'Reilly [100%], McBride [100%]

	Work on MOOS follow-on proposal opportunities
	15
	 
	 
	 
	 
	Mark Chaffey[100%],Andrew Hamilton[100%],Ed Mellinger[50%],O'Reilly [100%]


(k) MOOS mooring 2006 Budget request (also entered in web entry).
	MSE 2006 Experiment Total Budget Request
	$459,460.00

	rev. 1.6 8/20/05 mrc
	

	MTM4 Riser, Snubber and Benthic cable assemblies
	$24,832.00

	MTM4 bottom termination final assembly
	$5,000.00

	MTM4 bottom termination syntactic floatation
	$7,500.00

	MTM4 Replacement bridle load cell
	$10,832.00

	MTM4 Snubber assembly final assembly and test
	$1,500.00

	
	

	Deepwater deployment of Seahorse Profiler
	$14,000.00

	Seahorse acoustic release
	$14,000.00

	
	

	MSE Instruments not purchased in 2005
	$233,408.00

	Spare Aanderaa Oxygen sensor + cable
	$4,900.00

	SBE 37SM CTD (2)(1 mooring + 1 spare)
	$11,300.00

	SBE 16+CTD (1 BIN spare)
	$11,500.00

	Fluorometer/Backscatter, Wetlabs ECO BB2F triplet (4)(MTM4 Surface, 20 meters, Surface spare, BIN spare)
	$43,609.00

	Satlantic/MBARI ISUS (Surface)
	$19,000.00

	Turbidity, Nephalometer, C-Star, 6000m (BIN spare)
	$3,500.00

	ASIMET, Wind Speed/ Direction (spare) 
	$8,510.00

	MBARI pCO2 instrument
	$10,000.00

	Digital still camera/strobe (3)(2 BIN + 1 spare)
	$69,820.00

	Satlantic HOCR-ICSA (surface air radiance)
	$8,976.00

	Satlantic HOCR-ICSW (20 meters irradiance)
	$8,976.00

	Satlantic HOCR-R08W (20 meters radiance)
	$8,044.00

	Satlantic bioshutter (2)(20 meter instruments)
	$4,183.00

	Current Meter, profiling, Aquadopp HR Profiler, 6000m (BIN spare)
	$21,090.00

	
	

	MTM4 and Sediment trap Deployment
	$44,700.00

	Benthos release (2) MTM4 and ST1
	$22,700.00

	MTM4 Deployment Pt Sur ship days
	$22,000.00

	
	

	Supplies and equipment <$5000
	$78,770.00

	Instrument cables and connectors (40)
	$22,000.00

	Sediment trap mooring deployment hardware
	$12,000.00

	Y-mold bioshutter cable (3)
	$1,770.00

	Seahorse replacement Batteries
	$5,000.00

	Seahorse mooring wire-rope, rope, shackles, etc.
	$10,000.00

	Seahorse mooring anchor
	$1,000.00

	Seahorse Argos beacons
	$4,000.00

	Sediment trap 3 Optical Strobe (2)
	$2,400.00

	Sediment trap 3 Radio Beacon (2)
	$2,400.00

	McLane replacement MMP batteries (2)
	$6,000.00

	McLane replacement release and beacon batteries
	$1,000.00

	McLane replacement anchors
	$2,000.00

	MOOS IEEE 1588 preliminary design samples
	$1,700.00

	Incidental materials and supplies
	$7,500.00

	
	

	Shipping and postage
	$4,750.00

	Misc. shipping charges
	$2,250.00

	MTM4 cable shipping charges (surface)
	$2,500.00

	
	

	Outside Services
	$43,000.00

	MTM4 terminate riser cable (outside service)
	$29,000.00

	MTM4 terminate Benthic cable (outside service)
	$17,000.00

	 
	

	Data communications and phone services
	$8,500.00

	MSE Data communications fees
	$8,500.00

	
	

	MSE travel
	$4,500.00

	MOOS Team domestic travel
	$4,500.00
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Figure 1. Illustration of the MOOS Science Experiment, the Seahorse vertical profiler and the control station sediment trap (ST3) are not shown.
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Figure 2. Prototype MSE instrumentation BIN.
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