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MARS MISSION STATEMENT:  Design and install an advanced cabled observatory in Monterey Bay that will serve as the test bed for a state-of-the-art regional ocean observatory, currently one component of the NSF Ocean Observatories Initiative (OOI).

Priorities for the test bed are as follows:  (1) is highest priority, (5) is lowest priority:

1. Serve as instrument test bed; entrain technology community.

2. Test out operations, management, and outreach methods and costs.

3. Allow a chance to revisit NEPTUNE system specifications.

4. Test aspects of NEPTUNE technology.

5. Conduct cabled observatory science.
1 Scope
This document defines the design requirements (DRs) for MARS. The design requirements are derived from the User Requirements (URs).  Each UR must be satisfied by these DRs.  In some cases, a complete UR will be satisfied by a combination of DRs.  A compliance matrix showing which DRs match which URs is provided.  The DRs are organized hierarchically.  The top level DRs define the MARS observatory at the system level.  Lower level DRs define the subsystems.  

2 Related Documents
2.1 MARS User Requirements Document

The MARS User Requirements Document defines the high level user requirements for MARS. The User Requirements specify the needs of the users of the system, but do not specify (or restrict) the design approach.

2.2 MARS Interface Control Document

The MARS Interface Control Document defines the details of the interfaces between the MARS. It will include mechanical, electrical, optical, data and thermal interfaces that will be under formal change control at the appropriate time in the project development.

2.3 MARS System Block Diagrams

The MARS system is represented as a set of top down hierarchical block diagrams in this document.

MARS DESIGN REQUIRMENTS (DRs)

DR1 Top Level Requirements

DR1.1 MARS shall be partitioned into the following subsystems

DR1.1.1 The data communication subsystem (DCS) shall provide all in band and out of band data telemetry functions

DR1.1.2 The power subsystem (PS) shall generate and distribute power to all internal and external loads in the system

DR1.1.3 The observatory control subsystem (OCS) shall monitor, control and coordinate activities of the subsystems

DR1.1.4 The data management and archiving subsystem (DMAS) shall provide all functions necessary to store and access science data and commands, from and to instruments and engineering data and commands to and from all subsystems.

DR1.1.5 The science instrument interface subsystem (SIIS) shall provide all functions necessary for science instrument to effectively interface with the system.

DR1.1.6 The wet plant (WP) is all the in water equipment required to package all subsystem equipment for use at the MARS site.

DR1.2 MARS shall be designed to provide for 1 science node in the initial installation and a second expansion node at a later date.

DR1.3 MARS shall be designed to allow up to 100 km spacing between the shore facility and the initial science node and up to 100 km between the initial science node and the expansion.  The cable length between the shore facility and the initial science node is between 53 and 63 km.   

DR1.4 MARS shall be designed to allow a node not connected to the main backbone cable to be connected to the system by a terrestrial Internet link.

DR1.5 A shore facility shall be provided to support users and operators of MARS

DR1.6 MARS shall be designed to minimize the need for support staff.  In particular, no full time staff shall be required.  Appropriate fault detection shall be built into the system and a mechanism for notifying off site operations staff when a fault is detected shall be provided.

DR1.7 All shore station equipment shall be operable off a single uninterruptible power supply.

DR1.8 The UPS shall provide for [20] minutes of uninterrupted power to all loads up to a maximum of [30] kVA

DR1.9 When the local utility power system fails, transfer of the shore station power from the local grid to the backup power source and vice versa shall be automatic.

DR1.10 The MARS design shall provide the ability to localize a backbone cable fault to sea water within 1 km.

DR1.10.1 An OTDR and TDR will be provided that can be used to localize faults on the backbone cable from the shore station to the first node.  Additional design will be required when the system is expanded to localize faults beyond the first node.

DR1.11 Cable or node faults shall not cause damage to connected equipment.

DR1.12 It shall be possible to perform all operations necessary to monitor, operate and access data and instruments on MARS across the Internet. 

DR1.13 The design depth for all in water elements of the system shall be 1000 meters

DR1.14 The design shall be suitable for an design life of 25 years during which period the system will continue to meet all functional and design requirements.

DR1.15 Each subsystem shall provide monitor and diagnostic capabilities to allow the state of the system to be determined and failures to be diagnosed.

DR2 Data Communication Subsystem

DR2.1 The DCS shall provide eight 10/100Base-T Ethernet ports as the primary communication port for use by the SIIS.

DR2.2 The DCS shall provide 2 Gigabit Ethernet links in a redundant configuration (2 links total) between the MARS science node and the shore facility.

DR2.3 The DCS shall specify appropriate protocols for use over the Ethernet ports.

DR2.3.1 The Primary DCS communication channel will provide instruments installed on MARS node with connectivity to shore via TCP/IP packets (i.e.; standard Internet protocols for data transport and commands)  

DR2.3.2 Need to define any other relevant protocols

DR2.4 The DCS shall support time distribution by providing a Network Time Protocol (NTP) server configuration that can distribute absolute time with and accuracy of  5 milliseconds to directly connected instruments and internal Ethernet ports provided to other elements of the infrastructure. 

DR2.4.1 The time reference shall be UTC(USNO) as provided by standard GPS receivers

DR2.4.2 Removed 

DR2.4.3 An additional precision timing signal shall be distributed by the DCS providing greater accuracy than can be achieved with NTP.  The precision timing signal shall be a 1 pulse per second (pps) clock whose rising edge is synchronized to the NTP time reference second with an accuracy of 10 microseconds.

DR2.5 The DCS shall support bi-directional transmission to/from RS232 and RS422 serial instruments using a properly configured SIIM with serial to Ethernet conversion capability.

DR2.6 The DCS shall be designed so that unauthorized access to instruments and other observatory system components shall be protected against via appropriate security measures
DR2.7 The DCS shall be designed so that privileged users shall be granted permission to access the observatory network directly. The communication system will allow privileged users (authenticated by DMAS system) to access instruments on the DCS directly.
DR2.8 The DCS shall provide the following shore equipment required to operate and maintain the DCS.

DR2.8.1 Optical transport and switching capabilities compatible with the undersea node.

DR2.8.2 A network management station

DR2.8.3 Shoreside out of band telemetry components

DR2.8.4 Shoreside high precision time components

DR2.8.5 AC Power remote access components

DR2.8.6 Serial pot remote console components

DR2.9 The DCS shall provide remote status monitoring and reconfiguring ability, be capable of unattended operation, and have the ability to notify operators when system failures are detected 
DR2.10 The DCS shall be designed to be capable of providing pertinent engineering data about the subsystem to the DMAS
DR2.11 A reliability block diagram of the DCS at the line replaceable unit level shall be provided showing redundant and single point failure elements with FIT rates for each block.

DR2.12 DCS shall operate over 2 fiber pairs between nodes and between nodes and the shorestation.   The fiber characteristics are specified in Appendix B.

DR2.13 The DCS shall operate in a pressure housing providing a 1 atmosphere dry nitrogen or Fluroinert FC-77 environment on the seafloor.

DR2.14 The DCS shall be designed in a modular fashion that will allow upgrade of its optical transport and switching components to make use of future technology improvements.

DR2.15 The DCS shall tag and process four different priority levels of instrument traffic based on VLAN id or packet header information (up to layer 4).

DR2.16 The DCS shall include an upgrade/maintenance and sparing plan that will provide an economical method to maintain the DCS elements for 25 years.
DR2.17 The DCS shall provide 800 Mbps aggregate data rate from all instruments on a single node.

DR2.18 The DCS shall be designed so no single failure will degrade the DCS below the performance requirements for the system.
DR2.19 The DCS shall include a reliable out-of-band capability.

DR2.19.1 The out-of-band capability shall provide an ASCII-transparent, 9600 baud, master/slave channel (master on shore), and be compatible with full-duplex serial connections.

DR2.19.2 The out-of-band capability shall have a jitter of less than 1 microsecond in order to support a high-precision time distribution capability.

DR2.19.3 The out-of-band capability shall be as independent of the primary communications channel as possible

DR2.19.4 The out-of-band capability shall support all of the monitor and control communication required by the PS.

DR2.20 The maximum latency between the time a signal is provided to the shore station L2/L3 switch and the time it appears at the science port shall be less than 50 milliseconds.

DR2.21 The maximum jitter on the arrival time of a message arriving at the science port shall be less than 10 milliseconds.

DR2.22 All DCS and OOB signals, specifically the 10/100Base-T and 1 PPS clock signals shall drive at least 50 meters of CAT5e cable.

DCS inter-subsystem dependencies

A. The DCS requires a highly reliable and independent communications channel (eg. separate fiber) to the console ports on (2) L2/L3 switches, (2) EDFAs, (1) opical transport controller, 
B. The DCS node elements shall be designed to run on separately supplied, highly reliable, 48VDC, 12VDC, 5VDC power supplies capable of providing a maximum of 500 watts
C. The DCS node components require the ability to turn-off and to turn-on power to each of the node major network components for troubleshooting. This capability shall be supported in both the primary and out-of-band communication systems.
D. The DCS shore station equipment shall be designed to run off 120VAC and be operable off an uninterruptible power supply provided by the shore station facility.
E. The DCS requires adequate bandwidth, protection, and path redundancy to ensure reliable transmissions to and from shore station to the Internet.
DR3 Power Subsystem

DR3.1 The PS shall deliver 10 kW to the science node
DR3.2 The PS shall deliver 700 W to the internal elements of the science node at [48] VDC
DR3.3 The PS shall be capable of delivering up to [9.3] kW at 400 VDC on a continuous basis to any combination of science ports.  [1.3] kW of the [9.3] kW shall be available at 48 VDC.
DR3.4 Additional MARS nodes shall be connected to the PS using the NEPTUNE Version 2 design as described in NEPTUNE Power Group documents xxx.  Redesign of the science node including potentially new housing designs will very likely be required.
DR3.5 The PS shall meet all requirements using the backbone cable described in Appendix B.
DR3.6 The PS shall use seawater as one leg of the circuit.
DR3.7 The power and voltage ratings of additional MARS nodes shall not exceed the ratings of the first node.
DR3.8 The node PS shall meet the specifications for radiated and conducted emissions of [FCC-15(b)] [and/or] [CISPR22].
DR3.9 At the shore station, the PS shall be able to disconnect and ground the backbone cable according to [NEC, OSHA xxx] safety requirements.
DR3.10 The PS shall include appropriate lockouts required to meet applicable safety requirements and national codes of practice.
DR3.11 The PS shall be designed as a complete stand alone subsystem capable of operation and test without the need for other subsystems.  Remote monitoring and control functionality shall be as described in other requirements of this section.
DR3.12 The PS shall be able to switch power on at off independently at each of the 8 science connectors upon command from the OCS.
DR3.13 Current draw shall be measured at each science port.  The measured value shall be provided to the OCS at a rate defined by the OCS not to exceed [1] Hz.
DR3.14 The PS shall provide the ability to set a current limit individually at each science port to a value defined by the OCS.  The PS shall isolate any port that exceeds it’s current limit.  
DR3.15 In the event that the current limit of a port is exceeded and the circuit is tripped, the OCS shall be notified. 
DR3.16 Isolation of circuits with current in excess of the steady state limit shall occur more rapidly the larger the overcurrent.
DR3.17 The current limit shall not cause tripping at any of the output connectors in the node on short term inrush currents even if such currents are greater than the steady state current limit. 
DR3.17.1 Need to define additional details including in-rush parameters (current vs time)
DR3.18 The PS shall provide the ability to monitor ground leakage current in all internal and external low voltage circuits.  The measured value(s) shall be provided to the OCS at a rate defined by the OCS not to exceed [1] Hz.
DR3.19 The PS shall be capable of continued operation despite a fault to ground at one science port.
DR3.20 The PS shall store a value of ground leakage current from the OCS defined as the maximum acceptable level in the applicable LV circuits.
DR3.21 The PS shall isolate circuits that are found to have a ground leakage current in excess of the maximum value.  The sequence of events shall be similar to that described in footnote 
.
DR3.22 Isolation of circuits with excessive ground leakage shall occur more rapidly the larger the current.
DR3.23 In the event that the ground leakage current limit is exceeded and the circuit is tripped, the OCS shall be notified.
DR3.24 The shore station 10 kV power supply voltage limit shall be adjustable from zero to +10%.
DR3.25 The shore station 10 kV power supply current limit shall be adjustable down to zero in 10% increments (100%, 90%, 80%, … 20%, 10%, 0%).
DR3.26 The PS shall minimize electrical noise levels to a level suitable for scientific measurements.  It is understood that the details of the noise seen by some scientific instruments will be a function of the instrument itself and the specific noise levels required to quantify this issue can not be defined at this stage.  Acoustic measurements using low noise hydrophones and preamplifiers are examples of the type of measurement commonly affected by this issue.  As a starting point for better definition of this issue, the power supply noise spectrum from 10-65 kHz should be lower than the power spectrum in the same band from an ITC-8201 hydrophone (http://www.itc-transducers.com/168-0047.htm) with an input equivalent to Sea State 0 on the Wenz chart.  Power supply noise spectrum level from 65 to 200 kHz should be lower than the ITC 8201 value at 65 kHz. 

DR3.26.1 Need a TP describing an appropriate test ASAP
DR3.27 The PS shall make available to the DMAS all PS data.
DR3.27.1 Need a list of what is being monitored and logged.
DR3.28 The PS shall provide the following shore side equipment to operate and maintain the PS.
DR3.28.1 Need to make sure the BD is complete.
DR3.29 Regulation of the LV supplies shall be [0.5%] or better.

DR3.30 Turn-on overshoot on the LV supplies shall be [2%] or less.

DR3.31 A reliability block diagram of the PS at the line replaceable unit level shall be provide showing redundant and single point failure elements with FIT rates for each block. 

DR4 Observatory Control Subsystem
DR4.1 The OCS shall support all of the monitor and control communications required by the SIIS.
DR4.1.1 Need a list from the SS group
DR4.2 The OCS shall provide all the necessary hardware, software and interfaces to other subsystems to perform the following functions
DR4.2.1 The OCS shall allow an operator to set the ground fault level for each power bus in the node

DR4.2.2 The OCS shall provide for two instruments power settings.  1) A lower level that is guaranteed during normal observatory operations. 2) A higher level power setting which must be requested by the instrument, typically in response to an event detected by the instrument.  The OCS shall process these high power requests and if power is available change the over current limit at the appropriate port to the necessary level. High power requests will be granted for a predetermined period of time.  Both low and high level power setting shall provide for a short term higher level in-rush current for loads such as motors and lights. 

DR4.2.3 The OCS shall provide for two instruments data bandwidth settings.  1) A lower level which is guaranteed during normal observatory operations. 2) A higher bandwidth setting which must be requested, typically in response to an event detected by the instrument.  The OCS shall process high bandwidth requests and if bandwidth is available change the appropriate network parameter at the appropriate port to the necessary level.  High bandwidth requests will be granted for a predetermined period of time
DR4.3 The OCS shall log and time stamp its settings as changes occur
DR4.4 A reliability block diagram of the OCS at the line replaceable unit or circuit card assembly (which ever provides more detail) level shall be provide showing redundant and single point failure elements with FIT rates for each block. 
DR5 Data Management and Archiving Subsystem
The initial implementation of the MARS DMAS will only include basic instrument control and data logging capabilities.  The intent is to use MARS as a test bed to better understand the requirements for observatory DMAS functionality.
DR5.1 The DMAS shall provide the ability to send arbitrary user input control messages to any instrument on the system.
DR5.2 The DMAS shall provide the ability to FTP files bi-directionally between any instrument on the system and a user provided (?) computer connected to the MARS network on shore.
DR5.3 The DMAS shall provide the ability to stream data using FTP streams (more detail req’d) from any instrument to a file opened on a user provided (?) computer connected to the MARS network on shore.
DR5.4 The DMAS shall provide a TCP/IP (more detail req’d) connection between a user provided computer connected to the MARS shore side network and any instrument on the system
DR5.5 The DMAS shall provide the ability to store meta-data required to properly interpret data along with the data itself.
DR5.6 I’d like to be able to say the DMAS shall provide the ability to run the current version of RDI and Seabird software between shore and ADCPs and CTDs on the system.
DR6 Science Instrument Interface Subsystem

DR6.1 The SIIS shall provide for 8 primary science ports located at each MARS node.

DR6.2 Instruments shall connect to the primary science ports using an ODI P/N XXX underwater mateable connector

DR6.2.1 Get p/n and add pin out

DR6.3 Each primary port connector shall provide the following connections detailed elsewhere in this document.

DR6.3.1 The primary data communication port

DR6.3.2 A 48 VDC power supply with separate return 

DR6.3.3 A 400 VDC power supply with separate return

DR6.3.4 The precision timing signal  

DR6.4 The SIIS shall provide for primary port functionality at remote sites.  Performance may be reduced at remote sites. Functionality at remote sites shall include the following:

DR6.4.1 [8] additional data communication ports

DR6.4.2 A 48 VDC power supply with separate return or a 400 VDC power supply with separate return

DR6.4.3 NTP services over the Ethernet data port

DR6.4.4 The precision time signal

DR6.5 Remote ports shall be located up to [4] km from the main science node.

DR6.5.1 The ability to calculate the time delay between the main science node and remote ports shall be provided

DR6.5.2 As a goal, support for remote ports up to 100 km from the main node is desirable

DR6.6 The SIIS shall provide for older generation instruments to be connected to the system.  As a minimum this shall include 

DR6.6.1 RS-232 to Ethernet conversion

DR6.6.2 RS-422 to Ethernet conversion

DR6.6.3 48 VDC to 12 VDC conversion at a maximum of 500W

DR6.6.3.1 Other voltages between 3.3 and 48 VDC are desirable including 3.3, 5 and 24.

DR6.6.4 400 VDC to 12 VDC conversion at a maximum of 500W

DR6.6.4.1 Other voltages between 3.3 and 400 VDC are desirable including 3.3, 24, 48, 60 VDC and 120 VAC.

DR6.7 The SIIS shall provide monitor and diagnostic capability sufficient to distinguish between a failure of a instrument and a failure in the infrastructure

DR6.7.1 The SIIM shall provide in band SNMP diagnostics for rs232 instruments.

DR6.7.2 The SIIM shall provide in band SNMP self diagnostics including the internal BASE-T to BASE-F converters and the 1PPS RS422 to Optical converters.  

DR6.7.3 The SIIM SNMP functionality shall be portable to next generation instruments allowing for the same or enhanced level of diagnosis.

DR6.8 As a goal, the SIIM shall provide for a common signal reference independent of voltage drop on the interconnect or extension cables (assuming reasonable cable size say greater than 20 AWG wire) that does not interfere with the infrastructure over current or ground fault monitoring functionality.

DR6.9 The SIIM shall be expandable to allow plug and work functionality similar to the SIAM and LOOKING requirements with minimal redesign. 

DR6.10 A reliability block diagram of the SIIS at the line replaceable unit level shall be provide showing redundant and single point failure elements with FIT rates for each block. 

DR6.11 I’d like to say the SIIS shall include at least a wet node simulator which provide a engineering version of the node with a primary port which can be dropped into our test tank.  The node would be on the deck and provide additional test points to monitor and debug instruments.

DR7 Wet Plant
DR7.1 Detailed requirements for the Science Node have been developed separately and are included in Appendix A.
DR8 Reliability
DR8.1 MARS shall be designed so no single point failure shall degrade the system functionality below the following limited functionality state.  Exceptions to this provision may be accepted subject to the approval of the MARS system engineer.

DR8.1.1 Need details and exceptions for each subsystem 

DR8.2 The probability of MARS providing full functionality to a single instrument in any 1 year period shall be greater than 90%

DR8.3 The probability of MARS providing limited functionality to a single instrument in any 1 year period shall be greater than 95%.

DR8.3.1 Need definition of limited availability

DR8.4 The probability of MARS providing full functionality to 90% of the instruments in any 1 year period shall be greater than 90%

DR8.5 The probability of MARS providing limited functionality to 90% of the instruments in any 1 year period shall be greater than 95%.

DR8.5.1 Need definition of limited availability

DR8.6 MARS shall have a probability of system failure of less that 1% in any 1year period.  System failure is defined as

DR8.6.1 Need definition of system failure

DR8.7 All failure occurring in any 1year period shall be repairable in a 3 day period given appropriate weather conditions.  At the end of the repair operation, the system shall operate at full functionality

DR9 Quality Plan

DR9.1 Complete documentation under configuration control shall be provided for every element of the system.  This shall include but not be limited to system and subsystem block diagrams, an interface control document, test plans, test procedures, test results parts lists/bill of materials, mechanical drawings, schematics, all printed circuit board fabrications drawings (artwork, silkscreen, drill drawing, assembly drawing), cabling drawings, properly documented firmware, properly documented source code.

DR9.1.1 Variance for DCS: Complete documentation under configuration control shall be provided for every element of the system.  This shall include but not be limited to system and subsystem block diagrams, an interface control document, test plans, test procedures, test results parts lists/bill of materials, mechanical drawings, schematics, all printed circuit board fabrications drawings (artwork, silkscreen, drill drawing, assembly drawing), cabling drawings, properly documented firmware, properly documented source code
DR9.2 An operation and maintenance manual shall be provided for each subsystem and the overall MARS. 

DR9.3 An equipment log shall be maintained for each piece of commercial equipment used on MARS.  This log shall include all procurement information, set up information and a log of all activities associated with the equipment.  As a minimum this shall include incoming inspection report, the time the equipment is powered on and off, how the equipment is used during the on time, the physical location of the equipment at all times and each time any equipment covers are removed.

DR9.3.1 Variance for DCS: An equipment log shall be maintained for each piece of commercial equipment that is to be installed in the undersea portions of MARS.  This log shall include all procurement information, set up information.  As a minimum this shall include incoming inspection report, any unusual events that might have occurred, and a description of how the equipment was used during different phases of design and development. It may also include a log of the time the equipment is powered on and off, how the equipment is used during the on time, the physical location of the equipment at all times and each time any equipment covers are removed. 
DR9.4 All custom circuit card assemblies (CCAs) shall be fabricated in a facility approved to IPC-A-610C Class 2. Other facilities with documented quality processes may be used upon approval of the MARS System Engineer.

DR9.4.1 Variance for DCS: WHOI will document its procedures in the creation of custom circuit assemblies. Drawings will be made available to MBARI if they wish to build CCAs per IPC-A-610C Class 2 facilities.
DR9.5 Parts for CCAs shall be procured from qualified vendors

DR9.5.1 Variance for DCS: WHOI will document its procedures in qualifying vendors for CCA parts.
DR9.6 Need some statements about parts quality, packaging, etc.

DR9.7 An equipment log shall be maintained for each CCA used on MARS.  This log shall include all procurement information and a log of all activities associated with the equipment.  As a minimum this shall include incoming inspection report, the time the CCA is powered on and off, how the CCA is used during the on time, the physical location of the CCA. 

DR9.7.1 Variance for DCS: An equipment log shall be maintained for each CCA used on MARS.  This log shall include all procurement information and a log of all activities associated with the equipment.  As a minimum this shall include incoming inspection report and a report of any unusual events related to the CCA. In addition is may include the time the CCA is powered on and off, how the CCA is used during the on time, the physical location of the CCA. 
DR9.8  For all equipment, appropriate electro-static discharge controls shall be used at all times including but not limited to ESD controls for inspection, component storage, board fabrication, board test, troubleshooting, chassis assembly, high level testing, and packaging for shipment.

DR9.8.1 Variance for DCS: WHOI will document its procedures for protecting against electro-static discharge.
DR9.9 For all equipment, a rework plan shall be provided describing how repairs will be made after initial delivery of the equipment, during subsystem I&T, during system I&T, during installation and commissioning, and after MARS is operational

DR9.10 Wet end components shall remain fully functional after being subjected to the following shock and vibration loads: 50g x 17 ms, 3 cycles axial and radial; 100g x 6 ms, 3 cycles axial and radial; 1.5g x 10-200 Hz, 7 cycles axial and radial; 1.66g rms x 10-500 Hz, 1 hour cycle axial and radial. 

DR9.11 Test plans and procedures shall describe subsystem factory acceptance testing performed prior to shipping to the system integration and test site, formal system tests performed during I&T, formal installation test performed during installation and commissioning tests performed after installation to verify the system is ready for operations.  All tests shall be documented.  Informal engineering tests may be documented with copies of test plan and results from engineers lab books.  Formal tests require written procedures with accept/reject criteria agreed upon before testing commences. 

APPENDIX A

Detailed Science Node Requirements

1. Scope of Project

This requirements document describes the requirements for the MARS node that will be designed by MariPro. The node will house the power and communications pressure housings and will include 8 science connectors.  The node will be located in approximately 1,000m of water on Smooth Ridge. The cable connected to the node will be OALC 4, SAL/LWP, and will be powered with a 10kV power supply voltage. There are 8 single mode fibers in the cable.

2. Requirements 

2.1 User/High Level Requirements
2.1.1 Node shall provide support for the MARS power and communication pressure housings (interface control document xx).

2.1.2 Node shall be trawl resistance and shall not be damaged by a direct hit by a trawling otter board.

2.1.3 Node shall be designed for a deployment duration of 25 yrs.

2.1.4 Node shall include provision for suitable mounting locations and access to 8  ROV 
wet mateable science connectors, and up to 4 trunk cable connectors.  The height of these connectors should be approximately 18 to 24 inches from ocean floor allow and be accessible by the manipulators and clearly visible from the cameras (latter are mounted 30 inches from bottom of ROV).  No obstructions to vision shall be permitted between the cameras and the connectors.  Location of the science connectors should be optimized for Ventana, but must also be provide a workable solution for Tiburon. 

2.1.5 Node shall be designed with 8 science connectors.

2.1.6 Science connectors shall be located to be in a horizontal position.

2.1.7 Node shall include a sea ground designed for a return current of 2Amps.

2.2 Design Derived Requirements
2.2.1 The node could be designed in 2 sections.  One section (node base) would provide the trawl resistance and would remain in place after being deployed off of the installation vessel.  The second section, referred to here as the node module, needs to be designed to meet the limitations of precision placement by ROV Ventana and ROV Tiburon and the deck handing capacity of the Western Flyer.

2.2.2 The node module could be positioned over the node base by the ROV and located with a cone and pin type positioning device.

2.2.3 If a node module is designed to replace an ROV toolsled the maximum in air weight must be less than 1100 lbs (Tiburon) and the maximum in water weight must be no more than 150 lbs (Tiburon) negative. This will allow both of the ROV’s variable buoyancy systems to compensate for the weight change upon release of the node module. A node module release design can be powered by hydraulic (700 to 3000 psi/2 gpm) or electric power (120 VAC or XX VDC).

2.2. Hinged doors could be fabricated using a grill structure to reduce current induced loads when the doors are opened for maintenance, providing the grill was not large enough to cause snagging with trawl equipment.

2.3 Environmental Requirements
(eg. depth, current, temperature, etc)

2.3.1 Node shall be designed for a depth of 1,300m 

2.3.2 Node will be located on sediment with the  geo-technical properties similar to  table 2.3 below .  Design of the node shall use a substantial factor of safety on these values to prevent the node from settling more than 5 cm.

TABLE 2-3
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2.3.3 Max local currents:1 Knot:  Maintenance operational current: 0.2 knots (for performing maintenance procedures such as opening doors, moving modules etc)

2.3.4 Node must be capable of functioning in water with a heavy sand loading

2.4 Operational/ Maintenance Requirements
(eg. must be maintainable by staff with skill set xx, design should maximize use of commercial off-the-shelf (COTS) equipment)

2.4.1 Node shall include lifting arrangements to allow ease of handling for deployment and recovery.

2.4.2 Node assembly shall be recovered (including the power and communication pressure housings and the science connectors) for maintenance work on the node components.  Individual housings are not required to be recovered separately.

2.4.3 If the node design has significant flat areas in contact with the sea bed that might impose severe lift requirements, provisions shall be included to allow water jetting to enable breakaway to recover the node. (Provision to insert a 1 in. diameter water lance through the structure to the base/seafloor interface in four equal quadrants should be fine.)

2.4.4 Provision must be made on the node base for the science connectors to have a storage location where they can be plugged into and protected for periods when the node module is removed for maintenance.  The science cable, science instruments and backbone cable must not be disturbed and must remain in their original locations during this operation.

2.4.5. The ROV could use a camera or cameras positioned to assist docking the node module to a defined target on the node base. Three axis, range marks are a possibility.

2.5 Design Constraints
(eg. max. weight, space restrictions)

2.5.1 The weight of the node module (in air) that needs to be recovered for maintenance shall not exceed 5,100 lbs (limitation set by crane capacity on WF to recover node for maintenance).  If the design is for a ROV toolsled replacement node module; the in air weight needs to be less than 1100 lbs and < 150 lbs negative. (ROV capacity)

2.5.2 Total node mass  (module and base frame) that will be deployed off the installation vessel may exceed 5,100lbs (max. tdb, depends on deployment vessel capabilities).

2.5.3 To facilitate moving the node module during maintenance operations, temporary floatation of up to 500 lbs  can be attached to the node module.  The volume and drag characteristics as well as how the floatation will be released and recovered (if necessary) will need to be approved by MBARI. (applicable for separate node option)

2.5.4 The optimum weight of the node module during maintenance operations in water  with floatation attached is 20lb.  (applicable for separate node option)

2.5.5 The maximum weight of the node module during maintenance operations in water with floatation attached is 50lb. 

2.6 Other Constraints
(eg. budget, schedule, resources)

2.6.1 Node position can be located during initial installation to within 50m

2.6.2 Node shall be designed for optimization of day to day operations, and not for the infrequent maintenance operations such as node recovery and replacement.

3. Interfaces

3.1 Node shall provide an interface for the main backbone cable to connect through an ODI wet mateable 10kV connector.

MARS Science Node Cable Termination Specification

1. Scope

This document will provide the details for the procurement of a complete cable termination assembly (CTA) for use on the MARS cabled observatory.  This assembly shall provide all the components and functionality to provide a complete, tested and validated product connecting the MARS backbone cable to the pressure housing on the MARS science node.  The CTA shall consist of a tail cable, a cable coupling subassembly; an integrated sea earth subassembly, a connector interface subassembly and wet mate-able connectors with interconnect hose subassemblies.  Details of the assembly will be provided below.

2. General

1. The CTA shall be designed to meet all requirements over a 25-year design life.  All metal-to-metal connections shall be of similar material to prevent corrosion over the design life. 

2. The CTA shall operate at 10,000 Volts DC.

3. The CTA shall operate at 1000 meters depth

4. Fiber optics shall be suitable for use across the ITU 692 C band as well as at 1510 nm

5. The maximum allowable cable tension during deployment and recovery is related to the cable types used and their positions within the load chain at the point of maximum loading.  The maximum cable load shall therefore be 20 tonnes or the Nominal Transient Tensile Strength (NTTS); whichever is the lower (see section 15).

6. Hermetic seals are not required.

7. Deviations from this specification may be obtained upon written approval.

8. Approval authority for all aspects of this procurement is the MARS project manager Keith Raybould or his designee.

3. Tail Cable

1. A tail cable for sea earthing 50 to 80 meters in length shall be provided.

2. The tail cable shall be compatible with the optical and electrical properties of the existing backbone cable procured by MBARI from Alcatel. 

3. The bare end of the tail cable shall be suitable for termination using an Alcatel standard factory transition joint or suitably qualified industry standard Universal Joint (UJ).

The mechanical performance of the Line cable (as detailed within current Alcatel cable specifications) shall meet the maximum cable tensions associated with the deployment and/or recovery under standard conditions at 1000 m depth of the MARS node trawl resistant frame, when it is raised or lowered with a separate cable or rope

4. Transition Joint

1. The Jointing method chosen shall be suitable for jointing the tail cable above to the MARS backbone cable previously purchased from Alcatel.

2. The Transition joint design adopted shall be either an Alcatel standard factory transition joint or suitably qualified industry standard Universal Joint (UJ). 

5. Cable Coupling Sub-assembly

This sub-assembly shall consist of the following items

1. Bend limiter

2. Extremity box

3. Strength termination

i. The strength termination shall provide full functionality with maximum deployment/recovery load envelope specified in section 2 with no degradation in performance to any part of the CTA.

4. Armadillo coupling

i. The armadillo shall provide full functionality over a 90 degree  deviation angle between the centerline of the CTA and the cable load line without damage to the cable.

5. Pigtail 

6. Integrated Sea Earth Subassembly

The CTA shall provide an integrated sea earth ground capability designed for operation at 

1. 10,000 Volts DC

2. 1 Amps

3. Negative current polarity to ground in normal operation with the following exception

i. The CTA shall provide full functionality after operation through up to 100 cycles of switching between +500 volts DC and -10000 volts DC

7. Connector Interface Subassembly

1. The connector interface subassembly shall provide a 1 atmosphere housing for the safe connection and storage of the fiber, power conductor and sea earth conductor of the cable coupling sub-assembly with the fiber and conductors in section 8 below. 

2. The connector interface subassembly shall be suitable for mounting on the MARS science node.

8. Wet Mate-able Connector Subassembly

This item shall consist of the following connector assemblies:

1. Flying lead connector sub-assembly consisting of:

i. Flexible hoses with appropriate conductors and optical fibers Alcatel/ODI shall provide conductor and optical fiber specifications to MBARI for approval before manufacturing.

ii. ODI penetrators, mating one end of the flexible hoses with the connector interface subassembly. 

iii. ODI flying lead ROV wet mate-able connectors comprising of a rolling seal optical connector (ODI spec# TBA) and 10,000 Volt (dc) rated Nautilus power connector (ODI spec# TBA). Such connectors shall have a suitable interface for mating with the node bulkhead mount connector subassembly.  Any variation to the connector configuration and performance must be approved by MBARI.

2. Bulkhead mount connector subassembly consisting of: 

i. Flexible hose with appropriate conductors and optical fibers.  ODI shall provide conductor and optical fiber specifications to MBARI for approval before manufacturing. 

ii. ODI penetrators shall be provided mating one end of the flexible hoses with the node power housing.  

iii. ODI bulkhead mount ROV wet mate-able connectors comprising of a rolling seal optical connector (ODI spec# TBA) and 10,000 Volt (dc) rated Nautilus power connector (ODI spec# TBA).  Such connectors shall have a suitable interface for mating with the node bulkhead mount connector subassembly.  Any variation to the connector configuration and performance must be approved by MBARI.

iv. The bulkhead connector in section 8.2 shall be able to mount on a non-metallic panel (furnished by others) ½” to ¾” thick.

9. Testing

In addition to any intermediate testing required by the supplier, the following end-to-end testing shall be provided:

1. End to end testing fiber insertion loss shall be provided.  Total insertion loss per fiber path shall be less than 1 db at 1550 nm.

2. High voltage testing as follows:

i. Connector interface sub assembly at 13,000 Volts (dc) for 30 minutes at both negative and positive polarity, as per standard Alcatel repeater production testing.

ii. Cable Coupling Sub-assembly extremity box (section 5.2) at 45,000 Volts (dc) for 5 minutes.

3.  Connector sub-assemblies detailed in sections 8.1 and 8.2 shall be individually tested as follows, the magnitude and duration of the tests to be agreed by ODI with MBARI/Alcatel and to be compatible with the overall performance requirement of the CTA.

i. Pressure 

ii. High voltage

iii. Insertion loss

10. Documentation

The following documentation shall be provided:

1. A general assembly drawing for the complete CTA .

2. Individual assembly drawings for both connector sub assemblies detailed in sections 8.1 and 8.2.

3. Tail cable optical, electrical and mechanical specifications.

4. Specifications for all conductors and optical fibers in the CTA.

5. CTA test plan describing all in-house testing including in-house process manufacturing tests and factory acceptance tests.

6. Reports for all tests conducted in section 9.

7. Copies of standard reports generated during normal manufacturing processes.

11. Approval for manufacturing

Written approval of the CTA design shall be required before manufacturing.  Items 10.1 to 10.5 shall be provided at least 3 weeks before manufacturing approval is required to meet schedule.

12. Interfaces

The CTA intergrates with the rest of the MARS node at the following interfaces.  These interfaces shall be defined and agreed to by the following design authorities.

1. Cable coupling to MARS node trawl resistant frame (TRF) -  Alcatel and Maripro.

2. Connector Interface to TRF – Alcatel and Maripro

3. ODI connector to MARS node connector panel – Alcatel/ODI and Maripro.

4. ODI bulkhead connector to MARS node pressure housing  - Alcatel/ODI and Maripro.

5. Flexible hose to MARS TRF and MARS science node general mounting arrangements – Alcatel/ODI and Maripro.

13. Cable load definitions

The mechanical performance of the tail cable (as detailed within current Alcatel cable specifications) shall meet the maximum cable tensions associated with the deployment and/or recovery of the MARS node trawl resistant frame (TRF). Such cable tensions have the following respective definitions;

NPTS : The Nominal Permanent Tensile Strength is the maximum tension which the cable can endure during the system lifetime without any impairment of fibre and degradation of the overall cable performance.

NOTS : The Nominal Operating Tensile Strength is the tension which can be applied to the cable during the time necessary to make cable joints without significant reduction of NPTS.

NTTS : The Nominal Transient Tensile Strength is the maximum tension which can be applied to the cable during a cumulative period of 1 hour without significant reduction of NPTS/NOTS.

APPENDIX B
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CONCESSIONS/PRODUCT DEFECTS T i
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� When a measured value exceeding the ground fault set point defined by the OCS the PS shall generate a ground fault message sent to the OCS.   The OCS will respond with a message defining which ports if any can be turned off to isolate the ground fault.  The PS shall sequentially isolate individual ports until the ground fault is removed.  The PS shall send a message to the OCS indicating which ports if any have been turned off.
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