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Preface

The Acoustic Observatory (AO) Robust Passive Sonar (RPS) work delineated in this document is performed under the Littoral Antisubmarine Warfare (LASW) Future Naval Capabilities (FNC) Program sponsored by the Office of Naval Research (ONR).  The LASW FNC program manager is Nancy Harned (ONR321W).  The AO RPS project manager is John Tague (ONR321US).  The AO RPS principal investigator is Norman Owsley (University of Rhode Island Research Professor, Electrical and Computer Engineering).  The transition points of contact for AO RPS technology are Ron Dostie (ASTO) and Jim Kadane (PD‑18) under the following program elements:  PE 0603561N, 0603553N, 0204311N, and 0604784N.
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1. BACKGROUND:  ACOUSTIC OBSERVATORY

The Acoustic Observatory (AO) is an Office of Naval Research (ONR) effort to gather and distribute data from an at-sea sensor array to the technical and scientific community for the purpose of advancing the algorithms and array design methods used to process these and similar data.  The AO has the exploratory development objective of defining the spatial and temporal properties of the shallow-water environment that pose the fundamental limit to the performance of passive mobile and fixed sonar systems.  The AO has the equally important engineering objective of optimizing spatiotemporal signal processing methods for an environmentally matched spatial aperture configured as a fixed deployed array of hydrophones.  ONR’s philosophy with respect to the design and implementation of the AO is to maximize the use of existing components, system architectures, and array construction techniques.

1.1 Acoustic Observatory Composition

The AO is composed of three major subsystems that consist of specific segments as well as ancillary equipment for installation and recovery operations.

· Array wet subsystem (AWS)

· Observatory trunk segment (OTS)

· Trunk cable, including any required splicing, terminations, etc.

· Junction box

· Tethers, including connectors

· OTS simulator

· Observatory array segment (OAS)

· Standard acoustic sensors

· Internal array element location segment (IAELS)

· Off-board array element location segment (OAELS)

· Mechanical, electrical, and optical interconnections

· Trunk terminus segment (TTS)

· Environmental sensing subsystem

· Environmental sensor segment (ESS)

· Geophone array segment (GAS)

· Array processing subsystem (APS)

· Data recording, archiving, and management segment (DRAMS)

· Beamforming and output processing segment (BOPS)

· Tower sensor segment (TSS)

· Ashore telemetry segment (ATS)

· Installation and recovery operations (IRO) and equipment

· Deployment and recovery platform(s)

· Deployment and recovery equipment (sleds, winches, etc.)

· Ground tackle

· Moorings, floats, and spreaders

1.2 Acoustic Observatory Segment and Equipment Locations

The AO segments are installed at the following four locations:  in the contractor’s laboratory, at sea, at the cable landing site, and at the operational control site.

note

Some segments have components at multiple locations.

· In the contractor’s laboratory – AO segment installed: OTS simulator.  An OTS simulator will be used to verify operation of the OAS, ESS, and GAS.

· At sea – AO segments installed: OTS, OAS, ESS, and GAS.  The at-sea location is approximately 20 km offshore from Port Everglades, Florida, in approximately 300 meters of water.

· Cable landing site – AO segments installed:  TTS, OTS, OAS, TSS, ATS, and DRAMS.  This site is at the shore landing area of the AWS above the high-water mark on property controlled by the Naval Surface Warfare Center (NSWC) Fort Lauderdale, Florida.

· Operational control site – AO segments installed:  ATS, DRAMS, and TSS.  The operational control facility (OCF) is at NSWC Fort Lauderdale, near the shore landing area.  The OCF provides secure (SIPRNET) and non-secure (Internet) access to the DRAMS.  The system shall be capable of being operated by a single individual (when required) either (a) directly from the TTS or (b) remotely from the OCF with the TTS unattended.

A government facility at NSWC Fort Lauderdale will be provided for staging, implanting, reconfiguring, and refurbishing acoustic modules and to support tasks associated with managing, recording, and processing data from the AO (DRAMS and BOPS).

A functional diagram of the AO is shown in Figure 1‑1.  Items in red are to be procured through this solicitation.  Items in colors other than red are the subject of future procurements.
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Figure 1‑1.  Notional Acoustic Observatory Architecture

1.3 Array Configurations and Requirements

During sequential phases of AO operations, the OAS will be deployed to take on the following specific array configurations:  planar horizontal array segment (HAS), the billboard vertical array segment (VAS), and the long-bottomed single linear array segment (LAS).  The experimental plan for the AO is to conduct three phases, each approximately one year in duration.  These phases can be accomplished by either reconfiguring array modules or implementing concurrent installations of dedicated configurations for the HAS and VAS.  The IRO identified as part of the AO composition shall provide for initial installation of all AWS components, shown in red in Figure 1‑1, including the phase 1 HAS configuration.  The IRO for phase 2 and phase 3 configurations are not addressed in this document.

The required array configurations for each phase with nominal dimensions are shown in Figure 1‑2.    Specific configurations and minimum channel counts are as follows.

· HAS is a 4‑line bottomed array configuration with a minimum of 416 channels per line for 1664 channels (total).

· Half-HAS is a 4‑line bottomed array configuration with a minimum of 208 channels per line for 832 channels (total).

· VAS is a 12‑line horizontally suspended array configuration (i.e., a billboard arrangement) with a minimum of 52 channels per line for 624 channels (total).

· LAS is a single-line bottomed configuration with a minimum of 1664 channels (total).

The maximum length of a line in the HAS shall be from 624 to 653 meters, and the interline spacing shall be as follows.

· Line 1 to line 2:  1.50 meters

· Line 1 to line 3:  5.16 meters

· Line 1 to line 4:  7.50 meters

· Line 2 to line 3:  3.66 meters

· Line 3 to line 4:  2.34 meters

The interline spacing laydown accuracy shall be ± 0.75 meter.

The curvature in the horizontal plane for all lines shall not exceed 2 percent of segment length for all segment lengths between 50 meters and full line length (e.g., no point along a 50‑meter-long segment of any array line can deviate from the straight line connecting segment ends by more than 1.0 meter, and no point along a full line 653 meters long can deviate from the straight line connecting the ends of the line by more than 13.06 meters).
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Figure 1‑2.  Planned Array Deployment Configurations

1.4 Scope

This performance specification establishes the performance, design, test, manufacture, and acceptance requirements for the AWS and a notional installation concept for the HAS.  Figure 1‑3 illustrates in red the AWS segments that are described in this specification.
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Figure 1‑3.  Notional Array Wet Subsystem of the Acoustic Observatory

At a minimum, the AO installation effort shall ensure that the following items are accomplished and operational upon completion of deployment.

· Trunk cable(s) is/are installed along desired route with adequate slack on the seafloor to support installation efforts

· Tether cables are stable on the seafloor at the test site and are readily accessible for connection to other subsurface components

· OAELS is connected and fully operational

· HAS arrays are deployed on the seafloor within the spacing and laydown accuracies identified in section 1.3
· All HAS instrumentation is connected and fully operational

· HAS is configured and deployed in such a way so as to allow recovery from the seafloor after the experiment and refurbishment of components for future experiments

1.5 AWS Requirements

The AWS is composed of the following three major segments:  OTS, OAS (which contains the OAELS and IAELS), and TTS.  The detailed requirements for each segment are provided in sections 2, 3, and 4, respectively, of this specification.

The following overarching requirements for the AWS shall be met.

· The AWS shall provide measurements of the sound pressure waveforms from up to 2716 sensors (HAS + VAS + OAELS + IAELS + future growth) at the test site in 300 meters of water approximately 20 km off the coast of Fort Lauderdale, Florida.  Measurement completeness and accuracy requirements are detailed in the OAS section of this specification (section 3).

· The location of each suspended sensor shall be measured and reported at a 0.1‑Hz rate through a combination of independent array element location capabilities (required for modules used in VAS only).  Measurement completeness and accuracy requirements are detailed in the OAS section of this specification (section 3).

· The AWS measurements shall be made available to the DRAMS over a commercial off-the-shelf (COTS) interface.

· The AWS shall be capable of supporting multiple configurations and multiple tests extending over a 7‑year test period.

· Single points of failure shall be minimized throughout the design.

· The AWS shall be designed to not harm the marine environment in compliance with Broward County, Florida, regulations and federal regulations for hazardous material and acoustic emissions.

1.6 AWS Quality Assurance

End-to-end AWS capability shall be demonstrated using the OTS simulator prior to delivery.

The ability to locate the sensors shall be demonstrated by analysis and measurements prior to delivery.

At a minimum, the ability to deliver multiple configurations of the AWS including the HAS and the VAS and half‑HAS shall be demonstrated either through changing the configuration or populating the super set of both.

1.7 Documentation

The contractor shall deliver integration procedures for the major segments (OTS, OAS, and TTS).

A test plan with a requirements tracking matrix that addresses all system requirements stated in this document shall be provided.

An operations and maintenance (O&M) manual shall be provided.

The demonstration results shall be documented.

The life expectancy shall be determined by analysis and documented.  Analysis shall include mean time between failures (MTBF) of the various individual system segments and the system as a whole.

2. OBSERVATORY TRUNK SEGMENT

The observatory trunk segment (OTS) connects the shore portion of the OAS to the at-sea portion of the OAS.  The OTS shall provide the capability for four additional users beyond the requirements for the AWS.  These four connections are designated for an ESS, GAS, and two undefined users.  The contractor shall provide blanking plugs and capped mating connectors for the ESS, GAS, and undefined user tethers.

This segment provides for the mechanical, electrical (power and return), and optical connections to the OAS both at the sea end and the shore end.  At the sea end, the OTS shall include the capability for personnel to make shipboard dry connections to the OAS.  At the shore end, the OTS provides the trunk cable connection inside the TTS.  The OTS shall include strength member terminations for attachment to sea end and shore end anchors.

The OTS shall include a simulator that replicates the electrical and optical properties of the real OTS.  This simulator shall be used to demonstrate the end-to-end functioning of the AO in the laboratory.

2.1 Scope

The OTS provides connectivity from the at-sea portion of the OAS to the OAS components in the TTS on shore.  The OTS provides connectivity from the at-sea portion of the ESS, GAS, and undefined users to the ESS, GAS, and undefined users components in the TTS on shore.  The OTS will provide the connectors inside the TTS, which will be installed after the cable is laid.  It is envisioned that the OTS shall include but not be limited to the following items.

· Electro-optical-mechanical (EOM) trunk cable(s)

· Subsea junction box, as required

· EOM tether cables, as applicable

· An OTS simulator

2.2 Specification for an Electro-optical-mechanical Trunk Cable

2.2.1 Scope

This section of the AWS specification establishes the requirements for design, performance, and testing of EOM trunk cable(s).  The EOM trunk cable(s) will serve as bottom-laid trunk cable(s) to a subsea junction box.  The cable(s) will contain the power to and a bidirectional data link between the shore and the junction box.  The cable(s) will include mechanical protection for the electro-optics.  The cable(s) shall include connectivity to the OAS and shall isolate the OTS strength member from the TTS.

2.2.2 Applicable Documents

The following standards and other publications, of the issue effective on the date of this solicitation, form a part of this specification as applicable.

LP-390C
Plastic, Molding and Extrusion Materials, Polyethylene and Copolymers (Low, Medium, and High Density)

DOD-STD-1678
Fiber Optic Test Methods and Instrumentation

ASTM-A-90
Standard Method of Test for Weight of Coating on Zinc-Coated Iron and Steel Articles

ASTM-A-370
Mechanical Testing of Steel Products (Supplement IV-Wire)

ASTM-B-258
Standard Nominal Diameters and Cross Sectional Areas of AWG Sizes of Solid Round Wires used for Electrical Conductors

ASTM-D-1248
Polyethylene Molding and Extrusion Materials

Fiber-optic Test Procedures


FOTP-31
Fiber Tensile Proof Methods

FOTP-59
Optical Time-Domain Reflectometry (OTDR)

FOTP-78
Spectral Attenuation, Long Lengths, Cutback Method, Single Mode Fiber

2.2.3 Requirements

The cable(s) shall be designed to meet the requirements of this specification and shall contain optical fibers and conductors in sufficient quantity to provide the required system connectivity.  The cable(s) shall provide optical fibers and conductors with direct current (dc) power circuits capable of delivering power on separate conductor pairs to the OAS, ESS, GAS, and two undefined users.  The electro-optical core shall be jacketed and all voids filled with a water-blocking compound.  Steel armor shall provide protection for the electro-optical core during handling and deployment on the seafloor.  The strength member shall be covered with an abrasion-resistant, waterproof jacket.

On shore, the OTS shall provide commercial connectors to the individual optical fibers and power leads of the trunk cable at a location inside the TTS.  Cable strength members shall be broken out individually for attachment to a shore anchor that is part of the installation and recovery equipment.

On the seaward end, the EOM trunk cable(s) shall connect to a subsea junction box (as required).

The trunk cable(s) shall not use a sea water return for power.

The EOM trunk cable(s) shall be designed to meet a 10-year life requirement that shall be demonstrated through analysis.

2.2.3.1 Optical Performance for Optical Fibers Supporting ESS, GAS, and Undefined Users

The specified optical performance shall be achieved under all mechanical and environmental conditions delineated within this specification.  The optical fibers shall be single mode and designed for operation in the 1310‑nm and 1550‑nm windows.

2.2.3.1.1 Fiber Attenuation

The fiber attenuation shall be equal to or less than 0.3 dB/km at 1550 nm and 0.4 dB/km at 1310 nm when measured from either end of the completed cable(s).

2.2.3.1.2 Point Discontinuities

The optical fibers shall exhibit no point attenuation greater than 0.1 dB over the entire length of the cable(s) when measured from either end.

2.2.3.1.3 Zero Dispersion Wavelengths

The zero dispersion wavelengths shall be 1310 nm.  The maximum dispersion shall be 3.5 picoseconds/nanometer per kilometer (ps/nm‑km) in the wavelength range of 1310 to 1320 nm and 1340 to 1350 nm.

2.2.3.1.4 In-line Fiber Proof Test

The optical fiber shall be proof tested to a minimum of 100 kpsi (2 percent).

2.2.3.2 Electrical Performance

The specified electrical performance shall be achieved under all mechanical and environmental conditions delineated within this specification.  Each of the four, two-conductor power circuits for the ESS, GAS, and two undefined users shall be capable of delivering 750 watts continuous at 1.7 amperes to the user end of each 1.5‑km length tether cable.

2.2.3.2.1 Conductor dc Resistance

The dc resistance of the power conductors for the conductor size selected shall be consistent with the calculations of the National Institute of Standards and Technology (NIST) (formerly the National Bureau of Standards (NBS)) Handbooks 100 and 109.

2.2.3.2.2 Conductor-to-Conductor Insulation Resistance

The insulation resistance from one conductor to any of the other conductors shall be greater than 3500 megohms/km when measured at 500 Vdc.

2.2.3.2.3 Conductor-to-Armor Insulation Resistance

The resistance from any of the conductors to the armor shall be greater than 5000 megohms/km when measured at 500 Vdc.

2.2.3.2.4 Conductor-to-Seawater Insulation Resistance

The resistance from any conductor to seawater shall be greater than 5000 megohms/km when measured at 500 Vdc.

2.2.3.3 Operating Voltage

The operating voltage shall be the minimum required to deliver the requisite power through the trunk cable to the user end of each 1.5‑km length tether cable.

2.2.3.4 Voltage Breakdown

The dielectric insulation between conductors and conductor to armor shall be able to withstand two times the normal operating voltage plus 1000 Vdc without evidence of breakdown or flashover.

2.2.3.5 Mechanical Performance

2.2.3.5.1 Minimum Break Strength

A single layer of served galvanized improved plow steel (GIPS) shall be used in the cable to provide a minimum break strength of 10,000 lb.  Additionally, the armor will serve as abrasion protection for the electro-optical cable core.

2.2.3.5.2 Minimum Bend Radius

The minimum allowable cable bend radius for cable storage, deployment, and/or recovery shall not exceed 3 feet.

2.2.3.5.3 Minimum Stable Coiling Radius

The cable construction should be such that the cable can be fed into a cable-coiling tank for laying without “throwing a loop” or without refusing to lay flat.  This operation will put one complete twist into the cable per wrap.

2.2.3.6 Physical and Environmental Characteristics

2.2.3.6.1 Weight

The cable weight shall be minimized but not have a specific gravity of less than 3.0.

2.2.3.6.2 Diameter

The cable diameter shall be minimized.

2.2.3.6.3 Length

The overall completed cable length shall be 30 km (nominal).  If the cable manufacture/transport is not accomplished with one continuous length, the number of individual cable lengths shall be kept to a minimum.

2.2.3.6.4 Splicing

The cable design shall support effective and reliable splicing methods.  If the cable is delivered in multiple segments, required splice kits shall be included in the delivery, and the cable(s) shall be spliced on site and provided as a complete unit to the installation platform.

2.2.3.6.5 Hydrostatic Pressure

The cable shall be designed to withstand hydrostatic pressures of 1000 psi without degradation in optical, electrical, or mechanical performance.

2.2.3.6.6 Temperature Cycling

The cable shall not be physically damaged by temperature cycling 
from –10°C to +50°C.  The optical fibers shall not exhibit any additional attenuation relative to that specified in 2.2.3.1.1 in the ambient seafloor service between 1°C and 30°C.

2.2.4 Sea End Terminations

The subsea junction box end of the trunk cable shall be fitted with an EOM penetrator.  The penetrator shall provide for the electrical conductors and single-mode optical fiber.  Full working load of the trunk strength member shall be split off and transferred to the sea anchor.

2.2.5 Manufacturing Processes and Workmanship

Manufacturing standards and materials shall be consistent with the fabrication requirements for a high-reliability, moderate-pressure undersea cable.

Stored material and processing equipment shall be protected to preclude the opportunity of contaminant intrusion.  Raw materials that become contaminated at any time shall be disposed of unless the contaminant can be completely removed.  The fact that the material was contaminated shall be logged in the cable fabrication inspection records.  The disposition of the problem shall also be noted in the records.  The finished cable, especially extruded materials and inter-layer boundaries, shall be free of voids, inclusions, pinholes, blisters, and circumferential or axial dimension irregularities.  Any deviations from standard procedures and criteria shall be reported and logged in the inspection records.

2.2.6 Quality Assurance

2.2.6.1 Responsibility for Inspection

Testing shall be conducted to demonstrate that the final product fully meets the requirements of this specification.  The government reserves the right to witness the verification tests and shall have access to all inspection and test records related to cable fabrication and test.

2.2.6.2 Inspection and Test Data

Copies of all inspection and test data that are generated in the course of fulfilling the inspection and tests required by this specification shall be delivered.  Should the item under inspection or test fail to pass or be acceptable, a failure analysis report that documents the issue and disposition shall be prepared for review by the government.  A copy of the failure analysis report shall be maintained with the cable verification records.

2.2.6.3 Testing

The results of all tests conducted in response to this section shall be recorded and included in the cable inspection file.  The government shall have full access to the inspection file and may request a copy of any portion of the file.

2.2.6.4 Optical Fibers

2.2.6.4.1 OTDR Tests

The optical attenuation of each fiber shall be measured at 1550 nm and 1310 nm from both ends of the cable.  The measured attenuation shall be less than or equal to the values specified in 2.2.3.1.1.  No point discontinuities shall exceed the requirements of 2.2.3.1.2.  A hardcopy (paper) recording of each trace shall be included in the final design report.

2.2.6.4.2 Optical Fiber Manufacturer Records

The requirements of 2.2.3.1.3, Zero Dispersion Wavelengths, and 2.2.3.1.4, In-line Fiber Proof Test, can be met by providing inspection reports from the fiber manufacturer.  Copies of this information shall be included in the final design report.

2.2.6.5 Electrical Conductors

2.2.6.5.1 Conductor dc Resistance

The dc resistance of each conductor shall be measured and recorded.  The measured resistance for the selected conductor size shall be consistent with the calculations of NIST (formerly NBS) Handbooks 100 and 109.  The results shall be recorded and included in the final design report.

2.2.6.5.2 Conductor-to-Conductor Insulation Resistance

The conductor-to-conductor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.2.3.2.2.  The results shall be recorded and included in the final design report.

2.2.6.5.3 Conductor-to-Armor Insulation Resistance

The conductor-to-armor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.2.3.2.3.  The results shall be recorded and included in the final design report.

2.2.6.5.4 Conductor-to-Seawater Insulation Resistance

The conductor-to-seawater insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.2.3.2.4.  The results shall be recorded and included in the final design report.

2.2.6.5.5 Voltage Breakdown

The conductor insulation shall be tested in accordance with 2.2.3.4.  The results shall be recorded and included in the final design report.

2.2.6.5.6 Spark Testing

Spark testing shall be conducted to demonstrate that no pinholes exist in all jacket or extruded materials.  The results shall be recorded and included in the final design report.

2.2.7 Documentation

2.2.7.1 Final Design Report

The final design report shall be delivered with the cable(s) and shall contain the following material as a minimum.

a. as-built cross-sectional drawing of the cable

b. weight per foot in air and water

c. breaking strength and rated working load

d. calculated minimum bend radius (diameter)

e. wire sizes and insulation materials used

f. current and voltage limits of all conductors

g. lay angle and lay direction of all cable components

h. copies of all data recorded in accordance with 2.2.5 and 2.2.6
i. splicing procedures

2.2.7.2 Certificate of Conformance

A certificate of conformance shall be delivered with the cable(s) that clearly identifies the supplier part number for the cable, contractor purchase order number, and the cable specification to which the conformance is certified.

2.2.8 Delivery

The finished cable(s) shall be delivered on site and provided as a complete unit; therefore, if the cable(s) is (are) shipped in multiple sections, the cable(s) shall be spliced on site prior to acceptance.

All documentation called for in section 2.2.7 shall be delivered to the government prior to or concurrent with cable delivery.

2.3 Specification for Subsea Junction Box (As Required)

2.3.1 Scope

This section of the AWS specification establishes the requirements for design, performance, and testing of a subsea junction box (as required).  The subsea junction box will serve as the interface between the bottom-laid trunk cable(s) and the tether cables.  The trunk cable(s) will enter the junction box through an EOM penetrator.  The mechanical strength member will also be terminated at the junction box.  The tether cables will enter the junction box using EOM penetrators.  The mechanical strength members of the tether cables will also be terminated at the junction box.

2.3.2 Requirements

The junction box shall provide for the termination of the trunk cable(s) and tether cables and the interconnection of the electrical and optical components of all of the cables.  The junction box shall isolate the strength members of the trunk cable(s) from the tether cables and OAS.

2.3.2.1 Pressure Rating

The junction box shall be rated for operation at a pressure of 1500 psi.

2.3.2.2 Temperature

The junction box shall not be physically damaged by temperature cycling from –10°C to +50°C.  The junction box shall operate over the temperature range of 1°C to 30°C.

2.3.2.3 Penetrations

The junction box shall provide space for mounting penetrators to accommodate the trunk cable(s) and tether cables.  In addition to the OAS requirements, penetrations for the ESS, GAS, and undefined users shall be included.  All cable penetrators shall be water blocked to prevent junction box flooding in case of a catastrophic cable failure.  All penetrators shall incorporate a bending strain relief such that the minimum bend radius of the cable shall not be exceeded.

2.3.2.4 Size

The internal working space in the junction box shall be large enough to accommodate all electrical splices required between the trunk cable(s) and the tether cables and to ensure storage space for fusion splice holders.  The optical fiber splice storage shall prevent movement of the splices during junction box handling operations.  Storage of the fusion splices shall not violate the minimum bend radius of the optical fibers.

2.3.2.5 Junction Box Material

The junction box shall be constructed of materials that minimize corrosion in seawater.  The materials must also be compatible with the materials of all fasteners and penetrators.

2.3.2.6 Attachment Points

The junction box shall have attachment points for installation and recovery operations.

2.3.2.7 Resistance

The insulation resistance between conductor to conductor and conductor to seawater in the junction box shall not be reduced from the values specified in 2.2.3.2.

2.3.2.8 Design Life

The junction box shall be designed to meet the requirement of 10 operational years.

2.3.3 Manufacturing Processes and Workmanship

Manufacturing standards and materials shall be consistent with the fabrication requirements for a high-reliability pressure vessel for use at moderate depths for a period of 10 years.

2.3.4 Quality Assurance

2.3.4.1 Responsibility for Inspection

Testing shall be conducted to demonstrate that the final product fully meets the requirements of this specification.  The government reserves the right to witness the verification tests and shall have access to all inspection and test records related to junction box fabrication.

2.3.4.2 Inspection and Test Data

Copies of all inspection and test data that are generated in the course of fulfilling the inspections and tests required by this specification shall be provided.  Should the item under inspection or test fail to pass or be acceptable, a failure analysis report that documents the issue and disposition shall be prepared for review by the government.  A copy of the failure analysis report shall be maintained with the junction box verification records.

2.3.4.3 Pressure Test

The penetrator openings with at least one trunk cable and tether cable termination shall be pressure tested to 1000 psig.  All other penetrator openings may be tested with dummy plates.  The junction box shall be prepared for testing with internal components as it would be for deployment during field operations.  Three pressure cycles of 0 to 1000 to 0 psig shall be conducted.  During the third pressure cycle, 1000 psig shall be maintained for at least 10 hours.  When the test is complete, the junction box will be removed from the pressure vessel and visually inspected for deformation or damage.  The exterior of the junction box shall then be fully dried and opened for inspection.  The presence of any water inside the junction box shall be cause for rejection.

2.3.5 Documentation

2.3.5.1 Final Design Report

The final design report shall be delivered with the junction box and shall contain complete fabrication and assembly drawings and copies of all data recorded in accordance with 2.3.4.

2.3.5.2 Certificate of Conformance

A certificate of conformance shall be delivered with the junction box that clearly identifies the supplier part number, contractor purchase order number, and the specification number to which the conformance is certified.

2.3.6 Delivery

The junction box shall be delivered on site, and all documentation called for in section 2.3.5 shall be delivered to the government prior to or concurrent with junction box delivery.

2.4 Specification for an Electro-optical-mechanical Tether Cable

2.4.1 Scope

This section of the AWS specification establishes the requirements for design, performance, and testing of an EOM tether cable.  Each tether cable will connect the subsea junction box to a specific OAS or the ESS, GAS, and two undefined users.  Each tether cable will provide power and a fiber-optic data link between the junction box and the OAS, ESS, GAS, or undefined users.  Each cable will include mechanical protection for the electro-optics.  The tether cables should be fabricated and tested as one cable and then cut to the required lengths for termination.  One end of each tether cable will be fitted with an EOM penetrator, and the other end will be fitted with an EOM connector.

2.4.2 Applicable Documents

The standards and other publications, of the issue effective on the date of this solicitation, specified in 2.2.2 shall also apply here.

2.4.3 Requirements

The tether cables provide for installation and recovery of the OAS, ESS, GAS, and undefined users components.  They shall be at least 1.5 km in length.  The tether cables shall be designed to meet the requirements of this specification and shall contain optical fibers and conductors in sufficient quantity to provide the required system power and data.  In addition, for the ESS, GAS, and two undefined users, the tether cables shall provide optical fibers and conductors with dc power circuits capable of delivering 750 watts continuous at 1.7 amperes per conductor pair.  The electro-optical core shall be jacketed and all voids filled with a water-blocking compound.  Steel armor shall provide protection for the electro-optical core during handling and deployment on the seafloor and shall resist damage due to fish bites.  The strength member shall be covered with an abrasion-resistant, waterproof, pressure-extruded jacket.

2.4.3.1 Optical Performance for Optical Fibers Supporting ESS, GAS, and Undefined Users

The specified optical performance shall be achieved under all mechanical and environmental conditions delineated within this specification.  The optical fibers shall be single mode and designed for operation in the 1310‑nm and 1550‑nm windows.

2.4.3.1.1 Fiber Attenuation

The fiber attenuation shall be equal to or less than 0.3 dB/km at 1550 nm and 0.4 dB/km at 1310 nm when measured from either end of a completed cable.

2.4.3.1.2 Point Discontinuities

The optical fibers shall exhibit no point attenuation greater than 0.1 dB over the entire length of a cable when measured from either end.

2.4.3.1.3 Zero Dispersion Wavelengths

The zero dispersion wavelengths shall be 1310 nm.  The maximum dispersion shall be 3.5 ps/nm‑km in the wavelength range of 1310 to 1320 nm and 1340 to 1350 nm.

2.4.3.1.4 In-line Fiber Proof Test

The optical fiber shall be proof tested to a minimum of 100 kpsi (2 percent).

2.4.3.2 Electrical Performance

The specified electrical performance shall be achieved under all mechanical and environmental conditions delineated within this specification.  Each of the four, separate, two-conductor power circuits for the ESS, GAS, and two undefined users shall be capable of delivering 750 watts continuous at 1.7 amperes to the sea end of each 1.5‑km length tether cable.

2.4.3.2.1 Conductor dc Resistance

The dc resistance of the power conductors for the conductor size selected shall be consistent with the calculations of NIST (formerly NBS) Handbooks 100 and 109.

2.4.3.2.2 Conductor-to-Conductor Insulation Resistance

The insulation resistance from one conductor to any of the other conductors shall be greater than 3500 megohms/km when measured at 500 Vdc.

2.4.3.2.3 Conductor-to-Armor Insulation Resistance

The resistance from any of the conductors to the armor shall be greater than 5000 megohms/km when measured at 500 Vdc.

2.4.3.2.4 Conductor-to-Seawater Insulation Resistance

The resistance from any conductor to seawater shall be greater than 5000 megohms/km when measured at 500 Vdc.

2.4.3.3 Operating Voltage

The operating voltage shall be the minimum required to deliver the requisite power to the user end of the tether connector.

2.4.3.4 Voltage Breakdown

The dielectric insulation between conductors and conductor to armor shall be able to withstand two times the normal operating voltage plus 1000 Vdc without evidence of breakdown or flashover.

2.4.3.5 Mechanical Performance

2.4.3.5.1 Minimum Break Strength

A single layer of served GIPS shall be used in the cable to provide a minimum break strength of 2500 lb (nominal).  Additionally, the armor will serve as abrasion protection for the electro-optical cable core.

2.4.3.5.2 Minimum Bend Radius

The minimum allowable cable bend radius for cable storage, deployment, and/or recovery shall not exceed 1 foot.

2.4.3.5.3 Minimum Stable Coiling Radius

The cable construction should be such that the cable can be fed into a cable tank for deployment without “throwing a loop” or without refusing to lay flat.  This operation will put one complete twist into the cable per wrap.

2.4.3.6 Physical and Environmental Characteristics

2.4.3.6.1 Jacket

A high-density polyethylene (HDPE) jacket is required.

2.4.3.6.2 Weight

Tether cable weight shall be minimized but not have a specific gravity of less than 3.0.

2.4.3.6.3 Diameter

Tether cable diameter shall be minimized.

2.4.3.6.4 Length

A tether cable shall be 1.5 km in length.

2.4.3.6.5 Hydrostatic Pressure

The cable shall be designed to withstand hydrostatic pressures of 1500 psi without degradation in optical, electrical, or mechanical performance.

2.4.3.6.6 Temperature Cycling

The cable shall not be physically damaged by temperature cycling 
from –10°C to +50°C.  The optical fibers shall not exhibit any additional attenuation relative to the values specified in 2.4.3.1.1 in the ambient seafloor service between 1°C and 30°C.

2.4.4 Sea End Terminations

The subsea junction box end of the tether cable shall be fitted with an EOM penetrator.  The penetrator shall provide for the electrical conductors and single-mode optical fiber(s).  Full working load of the tether strength member shall be maintained and transferred to the junction box sea anchor.

2.4.4.1 Electro-optical Connector

The opposite end of the tether cable shall be fitted with a female EOM dry-mate connector.  The mate to this connector and a dummy plug capable of surviving 1500 psi shall be provided.  The purpose of the dummy plug is to protect the female connector during testing to operating depth and during storage and shipping.  The connector shall provide for two electrical conductors and one single-mode optical fiber.  The connector back shell shall provide for termination for the tether cable strength member.

2.4.5 Manufacturing Processes and Workmanship

Manufacturing standards and materials shall be consistent with the fabrication requirements for a high-reliability, moderate-pressure undersea cable.

Stored material and processing equipment shall be protected to preclude the opportunity of contaminant intrusion.  Raw materials that become contaminated at any time shall be disposed of unless the contaminant can be completely removed.  The fact that the material was contaminated shall be logged in the cable fabrication inspection records.  The disposition of the problem shall also be noted in the records.  The finished cable, especially extruded materials and inter-layer boundaries, shall be free of voids, inclusions, pinholes, blisters, and circumferential or axial dimension irregularities.  Any deviations from standard procedures and criteria shall be reported and logged in the inspection records.

2.4.6 Quality Assurance

2.4.6.1 Responsibility for Inspection

Testing shall be conducted to demonstrate that the final product fully meets the requirements of this specification.  The government reserves the right to witness the verification tests and shall have access to all inspection and test records related to tether cable fabrication and test.

2.4.6.2 Inspection and Test Data

Copies of all inspection and test data that are generated in the course of fulfilling the inspection and tests required by this specification shall be provided.  Should the item under inspection or test fail to pass or be acceptable, a failure analysis report that documents the issue and disposition shall be prepared for review by the government.  A copy of the failure analysis report shall be maintained with the tether cable verification records.

2.4.6.3 Cable Testing

The results of all tests conducted in response to this section shall be recorded and included in the tether cable inspection file.  The government shall have full access to the inspection file and may request a copy of any portion of the file.

Optical Fibers

2.4.6.3.1.1 OTDR Tests

The optical attenuation of each fiber shall be measured at 1550 nm and 1310 nm from both ends of the tether cable.  The measured attenuation shall be less than or equal to the values specified in 2.4.3.1.1.  No point discontinuities shall exceed the requirements of 2.4.3.1.2.  A hardcopy (paper) recording of each trace shall be included in the final design report.

2.4.6.3.1.2 Optical Fiber Manufacturer Records

The requirements of 2.4.3.1.3, Zero Dispersion Wavelengths, and 2.4.3.1.4, In-line Fiber Proof Test, can be met by providing inspection reports from the fiber manufacturer.  Copies of this information shall be included in the final design report.

2.4.6.3.2 Electrical Conductors

2.4.6.3.2.1 Conductor dc Resistance

The dc resistance of each conductor shall be measured and recorded.  The measured resistance for the selected conductor size shall be consistent with the calculations of NIST (formerly NBS) Handbooks 100 and 109.  The results shall be recorded and included in the final design report.

2.4.6.3.2.2 Conductor-to-Conductor Insulation Resistance

The conductor-to-conductor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.2.  The results shall be recorded and included in the final design report.

2.4.6.3.2.3 Conductor-to-Armor Insulation Resistance

The conductor-to-armor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.3.  The results shall be recorded and included in the final design report.

2.4.6.3.2.4 Conductor-to-Seawater Insulation Resistance

The conductor-to-seawater insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.4.

2.4.6.3.2.5 Spark Testing

Spark testing shall be conducted to demonstrate that no pinholes exist in all jacket or extruded materials.  The results shall be recorded and included in the final design report.

2.4.6.3.2.6 Voltage Breakdown

The conductor insulation shall be tested in accordance with 2.4.3.4.  The test shall include conductor-to-conductor and conductor-to-armor measurements.  The results shall be included in the final design report.

2.4.6.3.3 Penetrator, Connector, and Cable Testing

After installation of the tether cable penetrator and connector, the following tests shall be performed to verify that all functions of the tether cable are compatible with the terminations.

2.4.6.3.3.1 Pressure Testing

Each tether assembly shall be pressure tested to its rated pressure.  During the pressure test, the optical fiber shall be monitored using an OTDR.  The insulation resistance of the electrical conductors shall also be monitored.

2.4.6.3.3.2 OTDR Test

The optical attenuation of each fiber shall be measured at 1550 nm and 1310 nm from both ends of the cable.  The measured attenuation shall be less than or equal to the values specified in 2.4.3.1.1.  No point discontinuities shall exceed the requirement of 2.4.3.1.2.  A hardcopy (paper) recording of each trace shall be included in the final design report.

2.4.6.3.3.3 Conductor-to-Conductor Insulation Resistance Test

The conductor-to-conductor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.2.  The results shall be recorded and included in the final design report.

2.4.6.3.3.4 Conductor-to-Armor Insulation Resistance

The conductor-to-armor insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.3.  The results shall be recorded and included in the final design report.

2.4.6.3.3.5 Conductor-to-Seawater Insulation Resistance

The conductor-to-seawater insulation resistance shall be measured at 500 Vdc and compared to the requirements of 2.4.3.2.4.  The results shall be recorded and included in the final design report.

2.4.6.3.3.6 Spark Testing

Spark testing shall be conducted to demonstrate that no pinholes exist in all jacket or extruded materials.  The results shall be recorded and included in the final design report.

2.4.6.3.3.7 Voltage Breakdown

The conductor insulation shall be tested in accordance with 2.4.3.4.  The results shall be recorded and included in the final design report.

2.4.7 Documentation

2.4.7.1 Final Design Report

A final design report shall be delivered with the tether cable(s) and shall contain the following material as a minimum.

j. as-built cross-sectional drawing of the tether cable

k. weight per foot in air and water

l. break strength and rated working load

m. calculated minimum bend radius (diameter)

n. wire sizes and insulation materials used

o. current and voltage limits of all conductors

p. lay angle and lay direction of all cable components

q. copies of all data recorded in section 2.4.6
r. splicing procedures

2.4.7.2 Certificate of Conformance

A certificate of conformance shall be delivered with the tether cable that clearly identifies the supplier part number for the cable, contractor purchase order number, and the cable specification to which the conformance is certified.

2.4.8 Delivery

The finished tether cable(s) shall be delivered on steel reel(s) having a drum radius greater than or equal to the minimum bend radius resulting from 2.4.3.5.2.  The reel(s) shall be lagged to prevent damage to the cable(s) during shipping and handling.  The proper connectors shall be fitted prior to final tether cable(s) delivery at the installation site.

All documentation called for in section 2.4.7 shall be delivered to the government prior to or concurrent with cable delivery.

2.5 Specification for an Electro-optical OTS Simulator

2.5.1 Scope

This section of the AWS specification establishes the requirements for design, performance, and testing of an OTS simulator.  This simulator will provide electrical and optical connections in the laboratory between the at-sea portions and the ashore portions of the OAS or the ESS, GAS, and two undefined users.  One end of the simulator cable will be fitted with an EOM ashore connector, and the other end will be fitted with an EOM connector (although the mechanical strength requirements do not need to be met).

2.5.2 Applicable Documents

The standards and other publications, of the issue effective on the date of this solicitation, specified in 2.2.2 shall also apply here.

2.5.3 Requirements

The OTS simulator shall replicate the as-built electrical and optical properties of the OTS.

2.5.4 Terminations

The OTS simulator shall have connectors that are identical to those proposed for the OTS.

2.5.5 Quality Assurance

Tests shall demonstrate and verify that the OTS simulator correctly represents the OTS as-built configuration.

2.5.6 Documentation

Any special operating procedures required for the OTS simulator shall be documented.

2.5.7 Delivery

Delivery of the OTS simulator shall take place at the contractor’s laboratory.

3. OBSERVATORY ARRAY SEGMENT

The observatory array segment (OAS) consists of a shore portion and an at-sea (ocean) portion.  The purpose of the OAS is to measure the ocean environment as needed by experimenters to further the science of defining the spatial and temporal properties of the shallow-water environment that pose the fundamental limit to the performance of passive sonar systems.

The OAS major shore and at-sea components are listed here.

· Shore

· Power supplies

· Optical telemetry transmitter/receiver

· Array status monitoring system

· IAELS and OAELS controller/monitor

· At sea (ocean)

· Acoustic modules

· Standard bandwidth acoustic sensors

· IAELS

· Wideband acoustic sensors

· Wideband acoustic sources

· Nonacoustic engineering sensors:  depth, temperature, heading,* and roll* (*Note: Heading and roll sensors required for modules used in the VAS only)

· Module terminations, including tethers

· OAELS

· Acoustic sensors and sources

· Inband

· Wideband

· Extremely high frequency (EHF)

· Nonacoustic engineering sensor:  depth

3.1 OAS Requirements

3.1.1 General Requirements for the OAS

3.1.1.1 Sensing

The OAS shall provide measurements of the sound pressure waveforms and nonacoustic properties in the ocean environment and telemeter those measurements to shore via the OTS.

3.1.1.2 Physical

The OAS shall provide mechanical strength for deployment, suspension, and retrieval.  The OAS shall operate to 750 psi and survive to 1500 psi.

3.1.1.2.1 Terminations

Terminations are devices connected to acoustic modules when another acoustic module is not connected.  Terminations provide breakout of strength independently from power and optical connections.  Terminations provide protection from the ocean environment at depth.  In some cases, terminations may include the nonacoustic environmental measurement module.

As required to satisfy the different configurations, the OAS shall provide terminations with the ability to break out strength independently from power and optical connections.  The termination at the active end of the module shall provide a tether meeting the requirements of section 2.4.3 to connect to the tether from the OTS.  Other terminations may require jumpers to properly interface with other end connectors.  The exact configuration and quantity of the terminations must be determined based on the design requirements.

3.1.1.2.2 Temperature

The OAS shall not be damaged by non-operating storage temperatures from –10°C to +50°C.  The OAS shall be capable of operating in accordance with the performance requirements from 1°C to 30°C.

3.1.1.2.3 Shock and Vibration

The OAS when packed for shipping shall be capable of withstanding the shock and vibration of commercially available shipping methods.  The OAS shall be capable of withstanding all shock from handling and vibration that occurs during installation.

3.1.1.2.4 Transportability

All OAS components shall be designed for transport and safe delivery through final installation at the designated site.

3.1.1.3 Configuration

The OAS sensors shall be configured in modules such that 416 sensors are contained in an integer number of modules.  The OAS shall support multiple configurations of these modules, such that the modules shall support any possible chaining of modules end-to-end, i.e., from multiple modules (up to 416 acoustic sensors) in a single chain to single modules in parallel chains and other combinations in between.  The planned array deployment configurations are described in Figure 1‑2.  Figure 3‑1 illustrates the notional design for the AWS array module with standard bandwidth acoustic sensors (5 to 500 Hz) spaced uniformly at a distance of d = 1.535 ± 0.035 meters.  The module length is from 48 to 624 meters.  The IAELS nonacoustic engineering sensors, wideband acoustic sensor (2 to 6 kHz), and wideband acoustic source (2 to 6 kHz) shall be located at a maximum uniform interval of 50 meters.
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Figure 3‑1.  Notional Array Module

3.1.1.4 Telemetry and Power

The OAS shall receive its power and signal path from shore via the OTS.

3.1.1.5 Array Location Measurements

The OAS shall measure the array sensor element locations both relative to each other using the IAELS and relative to the fixed, bottom-mounted OAELS nodes.

3.1.1.6 Life and Reliability

The OAS shall be designed for a 7-year operational lifetime with yearly retrieval and deployment cycles.  A minimum of 3 lines of the HAS or half‑HAS and 10 lines of the VAS shall have 90 percent of channels meeting specification with 90 percent confidence through each cycle without repair.  Refurbishment can be conducted during yearly retrieval/deployment cycles.

3.1.2 Acoustic Module Sensing Requirements

The acoustic module shall contain standard bandwidth acoustic sensors (5 to 500 Hz), wideband acoustic sensors, and nonacoustic engineering sensors.  Each type of sensor shall be spaced uniformly as shown in Figure 3‑1.  The need for special modules to augment the standard configuration shall be minimized.

3.1.2.1 Standard Bandwidth Acoustic Sensor Spacing Requirements

The embedded sensor design and manufacturing spacing requirements are:

s. The uniform spacing of the acoustic sensors shall be between 1.5 and 1.57 meters at 150 lb tension.

t. Standard bandwidth acoustic sensor (5 to 500 Hz) channel-to-channel spacing shall be uniform to within 15 cm over the tension range of 20 to 300 lb.  The cumulative spacing under tension across all 416 sensors shall be within 15 cm from predicted sensor spacing.

u. The spacing shall be maintained across acoustic module to acoustic module connections in every configuration.

3.1.2.2 Acoustic Sound Pressure Waveform Measurement Requirements

The standard bandwidth acoustic sensors (5 to 500 Hz) shall measure acoustic sound pressure waveforms in the ocean environment to the following levels in the final array configuration.

v. Acoustic sound pressure in the band from 5 to 500 Hz shall be measured.  Accuracy within 1 dB shall be maintained between 15 and 500 Hz.  Roll-off below 5 Hz shall be at least 12 dB per octave.  An anti-alias capability shall be provided with out-of-band rejection of at least 80 dB above 0.55*Fs (Fs > 1500 Hz) due to time sample aliasing.  Channel-to-channel magnitude matching shall be within 1 dB from 20 to 500 Hz.  The channel-to-channel phase matching shall be within 3 degrees from 20 to 500 Hz.

w. Each AWS primary acoustic channel shall include sufficient dynamic range to operate over the range of minimum and maximum acoustic signals shown in Figure 3‑2 instantaneously and without the use of gain ranging.  The electronic self-noise spectrum of a sum-beam consisting of N hydrophone channels, referenced to the equivalent sound pressure level (SPL), shall be at least 10 log(N) dB below the channel electronic self-noise shown in Figure 3‑2.  N can be any aperture up to and including 1664 channels.  The AWS electronic assemblies must provide adequate rejection of alternating current (ac) ripple on array internal conductors to ensure that channel-to-channel coherent noise and noise tonals do not appear at the beamformer output.

x. Standard bandwidth acoustic sensors (5 to 500 Hz) shall sense sound pressure within the frequency band 5 to 500 Hz from all directions equally to within 1 dB.

y. Electronic and system-radiated noise shall be more than 10 dB below the minimum acoustic levels shown in Figure 3‑2.  A flow-induced noise component for the VAS for up to 1.5 knots longitudinal or 0.2 knots lateral current shall have no effect on the performance illustrated in Figure 3‑2.

z. The observatory array shall provide crosstalk isolation of data from one acoustic sensor to another to –50 dB.

aa. All in-band distortion below the maximum signal level shall be at least 60 dB below the fundamental frequency.

ab. The electronic implementation of the system shall provide electronic calibration signal injection at the hydrophone level.
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Figure 3‑2.  Acoustic Observatory Dynamic Range and Single-channel Noise Floor

3.1.2.3 Wideband Acoustic Sensor Requirements

3.1.2.3.1 Spacing

Wideband acoustic sensors shall be distributed on both sides of the IAELS wideband acoustic source.  A wideband acoustic sensor shall be placed between the standard bandwidth acoustic sensor at –2.0 and +2.0 sensor positions from the wideband acoustic source.

3.1.2.3.2 Acoustic Response

Wideband acoustic sensors shall have an identical response to the standard bandwidth acoustic sensors in the 5‑ to 500‑Hz band and extend that response up to the required bandwidth to support the required location accuracy.  Above 500 Hz, the requirements for these sensors are solely those derived from the element location accuracy requirements.  Energy from the wideband acoustic sources shall be isolated from the 5‑ to 500‑Hz acoustic band by at least 70 dB.

3.1.2.4 Nonacoustic Engineering Sensor Requirements

The embedded nonacoustic engineering sensors are heading,* roll,* depth, temperature, and wideband acoustic source.  (*Note: Heading and roll sensors required for modules used in the VAS only.)

3.1.2.4.1 Spacing

Three sets of nonacoustic engineering sensors and associated wideband acoustic sources shall be placed at a maximum interval of 50 meters in every line of the HAS, half-HAS, VAS, and LAS configurations.

3.1.2.4.2 Measurement Requirements

a. Temperature shall be measured to an accuracy of ± 0.5°C.

b. Heading shall be measured to an accuracy of 0.3 degree rms and sampled at a rate of 10 Hz.  Roll shall be measured to an accuracy of 2.0 degrees rms and sampled at a rate of 10 Hz.

c. Depth sensor measurement shall be accurate to within 0.05 percent of full scale over the operating range.  Depth measurements shall be sampled at a rate of 10 Hz.

3.1.2.4.3 Wideband Acoustic Source

The wideband acoustic source shall transmit an acoustic signal when directed by the shore part of the IAELS.  The pulse shall be of sufficient bandwidth and intensity to support the IAELS location accuracy required.

3.1.2.4.4 VAS Design Methodology

An acceptable design methodology for the VAS is to have a termination with an IAELS function.

3.1.3 Acoustic Module Physical Requirements

3.1.3.1 Strength

3.1.3.1.1 Acoustic Modules and Terminations for Bottomed Array Modules

d. The modules shall have a working load of 2000 lb designed with a safety factor of 3.0.

e. Module design shall be such that torque is minimized for tension up to 300 lb.

f. Maximum total stretch at 300 lb tension shall not exceed 0.2 percent of module length.

3.1.3.1.2 Acoustic Modules and Terminations for Suspended VAS Array Modules

g. The modules shall have a working load of 500 lb designed with a safety factor of 3.0.

h. Module design shall be such that torque is minimized for tension up to 300 lb.

i. Maximum total stretch at 150 lb tension shall not exceed 0.2 percent of module length.  Each module shall maintain its stretch characteristics to within 0.05 percent of length versus tension throughout its life, from 20 to 300 lb working load in water.

3.1.3.2 Buoyancy

3.1.3.2.1 Acoustic Modules and Terminations for Bottomed Array Modules

Modules and terminations shall have a minimum specific weight relative to standard seawater of 3.0.

3.1.3.2.2 Acoustic Modules and Terminations for Suspended VAS Array Modules

j. Modules and terminations shall be neutrally buoyant to ± 0.020 kg per meter of length in seawater at nominally 7°C, 34.9 parts per thousand salinity, and 300 meters in depth.

k. No longitudinal segment longer than 5 meters shall violate the overall neutral buoyancy requirement.

3.1.3.3 Form

The form of acoustic modules and terminations shall be as defined in this specification.

ac. Where the diameter of a module changes along its length by more than 2 mm, the diameter change shall incorporate a transition taper of at least 4 to 1 on the radius.

ad. The calculated average diameter of any suspended VAS module shall be within 2 percent of all other suspended VAS modules.  (Significant changes of diameter along the length of a module are permitted.  The requirement to have calculated average diameters within a specified tolerance is to ensure that lateral displacement of all modules when exposed to a perpendicular ocean current will lie within an acceptable range.)
ae. The calculated average diameter of any suspended VAS termination shall be within 2 percent of all other suspended VAS terminations.  (Significant changes of diameter along the length of a termination are permitted.  The requirement to have calculated average diameters within a specified tolerance is to ensure that lateral displacement of all terminations when exposed to a perpendicular ocean current will lie within an acceptable range.)
3.1.3.4 Functionality

Acoustic modules and terminations shall be fully functional to pressures of 750 psi.

3.1.3.5 Bending Under Tension Load

All acoustic modules and terminations shall be capable of being wound on a 4‑foot diameter flat-faced drum at a tension of 50 lb without incurring any damage.

3.1.4 Acoustic Module Configuration Requirements

The modules shall be constructed to enable the following approaches.

af. Reconfiguring the entire array configuration from either the full HAS to the VAS and half-HAS or to the LAS shall allow for the entire recovery of all module assets to the shore, reconfiguration, refurbishment (if necessary), and redeployment.

ag. A module shall be capable of being disconnected and reconnected, including checkout tests, in less than 6 man-hours, not including recovery and deployment.

ah. The array configuration requirements for Phase II may be achieved by either (a) retrieving the Phase I HAS and reconfiguring the modules to half-HAS and VAS configurations or (b) by leaving the Phase I HAS in place and installing a dedicated VAS configuration alongside the HAS.

3.1.5 Acoustic Module Telemetry Requirements

ai. The OAS components shall convert the sampled instantaneous measured data to an optical signal for telemetering through the OTS to the optical receiver ashore in the TTS.

aj. The telemetry shall not have a bit error rate (BER) that exceeds 10–9.

3.1.6 Array Element Location Requirements

Array element location requirements are duplicated in two components, the OAELS grid and the IAELS.  Figure 3‑3 illustrates the overall array element location segment functionality with a notional design for operation of the OAELS grid and IAELS.  The notional design includes three independent sensor location capabilities, including the OAELS wideband acoustic source and heading,* roll,* depth, and temperature sensors.  (*Note: Heading and roll sensors required for modules used in the VAS only.)
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Figure 3‑3.  Overall OAELS and IAELS Functionality for All Array Configurations

3.1.6.1 OAELS Grid

The OAELS grid provides a fixed, bottomed reference of transceivers (transmit and receive components) for array element location and any associated deployment requirements.

3.1.6.1.1 OAELS Requirements

The OAELS bottomed reference grid shall provide a fixed reference for acoustic element geo-location of the wideband acoustic sensors.  The relative locations of the wideband acoustic sensors in each module shall be measured relative to the bottom array element location grid to within ± 15 cm rms one to another at a rate of 0.1 Hz (once per 10 seconds).  The largest acoustic baseline array is the LAS, and this baseline shall determine the maximum required separation between OAELS bottom-mounted nodes as illustrated in Figure 3‑3.

3.1.6.1.2 OAELS Description

The OAELS shall consist of a bottomed reference grid of six time-synchronized location devices.

l. Location devices shall transmit and receive acoustic locating information to allow computation of the position of the wideband elements in each module.

m. Location devices shall have sound speed measurement units in each of the six nodes.  Also, array onboard sound speed units shall be provided with one located at each end of the highest line and middle line of the VAS array.  Sound speed and depth shall be measured and reported to the OAELS receiver/processor at a rate of 0.1 Hz (once per 10 seconds).  Sound speed shall be measured to within ± 0.05 meter per second with a range from 1400 to 1600 meters per second.  Sound speed shall be measured and reported by calculation from conductivity, temperature, and depth (CTD) measurements.  The calculation shall be derived from UNESCO 1983 Technical Paper in Marine Science No. 44.

n. Location devices shall have wideband, narrowband, and EHF location capabilities.

Notional concepts for the capabilities of these location devices are as follows.

Wideband: wideband acoustic source (165 dB ± 1 dB re Pa at 1 meter uniform power in 2‑ to 6‑kHz band) and wideband acoustic sensor (2 to 6 kHz) with absolute time transmit time synchronization to within one sample interval of the wideband acoustic sensor

Narrowband: a standard bandwidth acoustic sensor (5 to 500 Hz) and a transmitter for a stable frequency discrete 150‑dB tone transmission at one of 11 frequencies:  450, 455, 460, 465, 470, 475, 480, 485, 490, 495, or 500 Hz as selected from the shore part of the OAELS controller

EHF: an EHF transceiver unit (50 to 110 kHz) in each of the six nodes and eight array onboard transceiver units at the extreme points of the OAS acoustic aperture operating in an EHF acoustic element location network to estimate the spatial boundary of the OAS aperture (to see the equivalent positioning accuracy and user interface capability:  Sonardyne Inc., Mk 4 long baseline (LBL) navigation and positioning system with a programmable acoustic navigator (PAN)).

3.1.6.2 IAELS

The OAS shall have an IAELS to provide array element location information.

3.1.6.2.1 IAELS Requirements

The relative locations of all wideband acoustic sensors in the HAS, half-HAS, VAS, and LAS configurations shall be measured in a relative array-centered three-dimensional coordinate system to within ± 7.5 cm rms one to another at a rate of 0.1 Hz (once per 10 seconds).

The OAS shall provide an IAELS at least every 50 meters in all horizontal array lines of the HAS, half-HAS, VAS, and LAS configurations as shown in Figure 3‑1 and Figure 3‑3.

3.1.6.2.2 IAELS Description

The IAELS consists of the following elements.

wideband acoustic sensors (2 to 6 kHz)

wideband pseudorandom noise (PRN) acoustic source (2 to 6 kHz) with on/off, waveform selection, and synchronized transmit timing control, with absolute time transmit time synchronization to within one sample interval of the wideband acoustic sensor, provided by downlink from the onshore part of the OAELS.  The IAELS waveforms shall be both temporally orthogonal and orthogonal to the OAELS waveforms.  The wideband acoustic source shall be capable of transmitting temporally orthogonal, wideband waveforms (2 to 6 kHz at 115 ± 1 dB//1 Pa at 1 meter) for synchronous transmission.

nonacoustic engineering sensors:  heading,* roll,* depth, and temperature (Note: Heading and roll sensors required for modules used in the VAS only)

3.1.6.3 Onshore Requirements

The onshore equipment to support OAELS grid and IAELS functionality consists of

Power supplies,

Waveform shape and level control instruments, and

Array element location measuring and monitoring equipment.

The OAELS and IAELS shall provide the receiver to accept signals and locate the elements.  Array element location data shall be graphically presented and provided for beamformer compensation.

The OAELS shall provide waveforms with all necessary sequencing and waveform orthogonality properties for differentiation of the signals from each of the wideband sources required to achieve the specified sensor location accuracy.

3.1.7 Other Component Requirements

3.1.7.1 Power Supply

The power supplies shall accept standard commercial 60‑Hz, 120‑ or 208‑V shore power and produce the power required for the modules and acoustic element location transceivers.  The power supplies shall be located in the TTS container and shall be capable of powering the at-sea acoustic modules and OAELS grid through the OTS.

3.1.7.2 Optical Telemetry Transmitter/Receiver

ak. The optical telemetry transmitter/receiver shall accept the optical energy transmitted via the OTS from the at-sea acoustic modules and the OAELS receivers and provide a digital representation of the data in a commercially standard format such as gigabit Ethernet or SONET OC3 and ATM AAL5.

al. The data shall be time tagged to the reference provided by the TTS.  The time reference shall also ensure that the location measurements are simultaneous and referenced to standard global positioning system (GPS) time.  The optical receiver shall apply the time tag to the data.  The time mark shall permit the acoustic samples to be accessed for subsequent processing with an interval start time referenced to GPS time each second to an accuracy of one sample.

am. The OAS shall accept the GPS time reference from the TTS and shall use this time tag to simultaneously sample all standard bandwidth acoustic sensor (5 to 500 Hz) and acoustic element location receiver outputs at that mark.  The time reference shall cause simultaneous acoustic sampling of the standard bandwidth acoustic sensors (5 to 500 Hz) at Fs sampling of the wideband acoustic IAELS sensors (2 to 6 kHz) at a minimum of 20 kHz.

3.1.7.3 Array Status Measurement Component

The OAS shall measure and record the status of its components.

3.1.7.3.1 Channel Status Indication

An automated visual channel status indication method shall be implemented that will operate continuously to indicate fully operating, failed, and transmitting channels.  This indication shall provide for a broadband power level channel-to-channel consistency check.  In addition, the OAELS narrowband source amplitude and phase shall be analyzed to ensure that each channel is operating correctly.  Spectrum analysis of the output of each sensor to the activation of an OAELS source shall be conducted.

3.1.7.3.2 Fault Isolation Capability

A fault isolation capability shall be provided to determine whether any channel failure is due to either an in-water or shore electronics failure mode.  If a failure mode is determined to be within the shore end of the OAS, then the circuit card hosting the failure must be identified through fault isolation.

3.1.7.3.3 System Monitor Port

An asynchronous serial port, operating at a rate sufficient to provide the required data in real time, shall be provided to report system status.  The interface shall provide an output whenever a change in status is detected.  An output shall be provided whenever a supervisory command is transmitted to indicate the command sent and the success or failure of the command.  A table of the current status of all indicators and alarms on the system monitor shall be output once every minute.  This table can be output in formatted data strings if necessary to maintain real-time operation.

3.2 Manufacturing Processes and Workmanship

Manufacturing standards and materials shall be consistent with the fabrication requirements for high-reliability modules for use at moderate depths for a period of 10 years.

Manufacturing processes shall ensure that the delayed stretch characteristics of the acoustic modules are as uniform as possible.

3.3 Quality Assurance

Achievement of the requirements shall be demonstrated as defined here.

3.3.1 Responsibility for Inspection

Testing shall be conducted to show that the final product fully meets the requirements of this specification.  The government reserves the right to witness the verification tests and shall have access to all inspection and test records related to the fabrication and test of the modules.

3.3.2 Inspection and Test Data

Copies of all inspection and test data that are generated in the course of fulfilling the inspection and tests required by this specification shall be provided.  Should the item under inspection or test fail to pass or be acceptable, a failure analysis report that documents the issue and disposition shall be prepared for review by the government.  A copy of the failure analysis report shall be maintained with the module verification records.

3.3.3 Pressure Test

3.3.3.1 Operational Pressure Test

With front and back terminations, the modules shall be pressure tested to 750 psig while operating for a minimum of 24 hours.  The modules shall be prepared for testing with internal components as they would be for deployment during field operations.  The modules shall pass electrical and optical testing while under pressure.

3.3.3.2 Survival Pressure Test

A survival test shall be performed where the module is pressure tested at 1500 psig.  Three pressure cycles of 0 to 1500 to 0 psig shall be conducted.  During the third pressure cycle, 1500 psig shall be maintained for at least 10 hours.  When the test is complete, the modules shall be removed from the pressure vessel and visually inspected for deformation or damage.  The module shall pass operational testing after pressure testing.

3.3.4 General Test Requirements

3.3.4.1 Demo Telemetry BER

The telemetry system shall be tested to the required system BER using the OTS simulator.

3.3.4.2 Electrical Performance Requirements

The electrical performance requirements of this specification shall be demonstrated through testing using the OTS simulator.

3.3.4.3 Reliability and Life Analysis

Through analysis, the system reliability and life shall be verified.

3.3.4.4 Analysis of Marine Environment

Through analysis, the system material shall be shown to conform to local, state, and federal regulations for marine environments.

3.3.4.5 Configuration

In the laboratory, the HAS, half-HAS, and VAS configurations shall be demonstrated.

3.3.5 Acoustic Module Physical Requirements

3.3.5.1 Working Load and Stretch

In the laboratory, each module intended for use in the VAS configuration shall be cycled five times between no load (20 lb tension) and the working load.  The no-load and working load conditions shall be maintained for a minimum of 1 hour for each cycle, and for one cycle, the working load shall be maintained for 24 hours.  The stretch in each module shall be documented for each cycle and at 4‑hour intervals for the 24‑hour test.  While at working load, the induced torque shall be measured.

3.3.5.2 Neutral Buoyancy for Suspended VAS Modules

The module weight in water shall be measured to verify that the requirements of 3.1.3.2.2.a are met.  Analysis shall show that the requirements of 3.1.3.2.2.b are met.

3.3.5.3 Strength

An example of each type of module termination shall be strength tested to the breaking strength requirement (working load multiplied by safety factor) of the module without impairing electrical or optical properties.

3.3.6 Acoustic Module Sensing Requirements

3.3.6.1 Spacing

The achieved sensor spacing shall be documented.

3.3.6.2 Sensitivity, Bandwidth, Dynamic Range, and Beam Pattern

An initial test set of five standard bandwidth acoustic sensor (5 to 500 Hz) assemblies (hydrophones, preamps, anti-alias capability, etc.) configured as a portion of a module shall be independently tested at a government-approved facility for individual acoustic sensor sensitivity, bandwidth, dynamic range, beam pattern, and gain and phase matching prior to construction of array modules.  Individual acoustic sensor sensitivity, bandwidth, and gain and phase matching shall be measured in the OAS modules at a government-approved calibration facility.

3.3.7 Acoustic Sources

Individual acoustic source bandwidth, levels, and beam pattern shall be measured.  Three acoustic source assemblies of each type shall be independently tested at a government-approved facility.

3.3.8 Nonacoustic Engineering Sensors

3.3.8.1 Temperature

Individual temperature sensors shall be calibrated in the laboratory.

3.3.8.2 Heading and Roll

Individual heading and roll sensors shall be calibrated in a government-approved facility in a powered module.

3.3.8.3 Depth

Individual depth sensors shall be calibrated in a government-approved facility.

3.3.9 Array Element Location

Analysis shall show the achievement of the location accuracy requirement.  Time sequencing shall be demonstrated during the AWS system-level test.  Component-level testing shall also be performed to verify achievement of the requirements in section 3.1.6.  Tests after deployment will confirm the analysis.

3.3.10 Other Component Requirements

3.3.10.1 Time Tagging

The ability to time tag measurements accurately shall be demonstrated.

3.3.10.2 Array Status Measurement

Analysis shall confirm the ability to measure the OAS status in situ.  This capability shall be demonstrated during laboratory tests.

3.4 Documentation

A final design report shall be delivered with the modules and shall contain the following material as a minimum.

an. as-built configuration drawings

ao. calibration reports

ap. test results

aq. copies of all data required in section 3.3
ar. reconfiguration procedures

as. turn-on/checkout procedures

at. software source code including test code and testing tools

au. reprogrammable firmware

3.5 Delivery

Modules shall be delivered to NSWC, Fort Lauderdale, Florida (the array installation site).  All modules shall be packaged and handled to prevent damage during shipping.

All documentation called for in section 3.4 shall be delivered to the government prior to or concurrent with module delivery.

4. TRUNK TERMINUS SEGMENT

The trunk terminus segment (TTS) is at the shore facility.  The TTS contains the shore part of the OAS, the shore part of the OTS, and the shore part of the DRAMS with a dedicated link to connect to the DRAMS at the OCF.

The TTS consists of a 40‑foot-long air-conditioned ISO container capable of unmanned operation at the secret level in accordance with the National Industrial Security Program Operating Manual (NISPOM).

4.1 TTS Requirements

4.1.1 Environmental Support

The TTS shall provide the following environmental support for personnel and equipment, including electrical power distribution.

av. The TTS shall provide 19‑inch-deep racks to mount AWS equipment and six spare 6‑feet-high by 19‑inch-deep racks for other equipment.

aw. The TTS shall provide connectivity and distribution of 30‑minute, UPS-conditioned electrical power for the AWS and an additional 10 kW for non‑AWS equipment.  An automatic power-on restart mode shall be available.

ax. The TTS shall provide two worktables.

ay. The TTS shall maintain an internal air temperature of 20°C (68°F).

4.1.2 Computing Support

The TTS shall provide a secure, unattended computing environment.

4.1.3 Time Reference Support

The TTS shall provide a GPS-based time reference for acoustic modules.

4.1.4 Breakout Panels

The TTS shall provide separate power and fiber breakout panels for the ESS, GAS, and two undefined users apart from the AWS.

4.1.5 DRAMS Interface

The AWS-to-DRAMS interface shall be a multi-source, COTS, network-based configuration that is PC compatible.

4.2 Manufacturing Processes and Workmanship

The TTS shall conform to commercial standards and satisfy the NISPOM requirements for unattended classified computing.

4.3 Quality Assurance

The TTS shall conform to UL and OSHA requirements.

4.4 Documentation

An as-built drawing that delineates electrical, power feeds, and optical and signal cable distribution shall be provided.

4.5 Delivery

The TTS shall be delivered to the NSWC North Campus Facility, Fort Lauderdale, Florida.  Required environmental protection (per building code regulations in Broward County, Florida) at the installation site shall be provided.

5. NOTIONAL INSTALLATION CONCEPT FOR THE HAS

The objectives of the AO require the installation of several configurations of passive acoustic sensor arrays in a shallow water location off the coast of Florida.  Given the unique nature of AO array configurations, installation operations must be considered.  This section is provided as advisory Government-furnished information (GFI) for a notional installation method for the HAS configuration.

5.1 Assumptions

The following assumptions were made when considering this HAS deployment concept.

· Adequate survey data will be available as GFI to provide accurate knowledge of the seafloor, particularly slope, and to assist in avoidance of seafloor obstacles

· Water depth will be 300 meters or less at the array installation location

· Trunk cable will be installed before the array

· Trunk cable and tether cable junction has an anchor to prevent cable movement on the seafloor

· All cable connections will be made at the surface with dry-mate connectors

· End of OTS trunk cable(s) can be temporarily buoyed for recovery

5.2 Notional Installation Equipment Requirements

The equipment and deployment processes for array installation must be compatible with all array characteristics.  For the HAS, Figure 5‑1 illustrates a notional installation device referred to as a sled.  This notional sled design incorporates the following assumptions.

· Individual line array modules of the HAS are carried on reels

· Reels have ratchet and pawl mechanisms or other means to prevent inadvertent reverse rotation

· Reels may include a means to maintain or adjust tension on the linear array modules (e.g., a drag brake) during deployment

· Sled comprises two segments

· Stern segment incorporates embedment skirts to provide increased anchor holding power

· Forward segment separates from the stern segment to deploy the array

· Sled is of open-frame design to minimize risk of snap loading during launch and recovery of the sled

· Sled has keels (preferably aligned with the interline spacing guides) to improve directional stability during deployment of the HAS

· Interline spacing guides are provided to establish specified line-to-line spacing and lay-down accuracy
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Figure 5‑1.  Notional HAS Installation Sled

The installation vessel(s) must be properly equipped to handle the array characteristics and specific requirements for installation.  Figure 5‑2 illustrates a notional arrangement of equipment on an assumed installation platform.  The following assumptions for the installation platform(s) should be considered.

· Primary installation platform is an open-deck vessel with adequate deck space (e.g., approximately 100 meters by 30 meters)

· Platform has a four-point mooring system with four mooring winches capable of warping the platform in the mooring.  The anchor spread is such that the platform can warp sufficient distance to deploy the HAS.

· A deck crane is located at the stern of the platform.  Two smaller winches are located to either side of the crane for tending the sled as it is deployed overboard.

· A small work-class (< 100 HP) remotely operated vehicle (ROV) is installed on the down-current side of the platform.  The ROV is used for observation and light work associated with the installation process.

· Integrated navigation system (with differential global positioning system (DGPS)) is installed on the installation platform and the anchor-handling support vessel

· For subsurface tracking and positioning, ultra-short baseline (USBL) transponders are situated on both sections of the sled with a surface unit situated on the installation platform and are tied into the integrated navigation system.  These transponders will allow accurate initial positioning of the sled and monitoring of the separation distance between the forward and stern sled segments during array installation.

[image: image9.wmf]Sled

ROV Skid and 

A

-

frame

Control/

Monitoring 

Van

Mooring 

Winches 

Tag

-

line 

Winches

Deck Crane

Deck Winch


Figure 5‑2.  Notional Equipment Layout on Installation Platform

5.3 Notional Installation Sequence

5.3.1 Installation Platform Mooring

Prior to array installation, the locations will be surveyed for the four mooring system anchors required for the installation platform.  Each mooring will be designed such that the platform can warp sufficient distance to pull the sled in excess of 600 meters (with an adequate towline scope), as well as the ability to warp approximately 50 meters laterally.  The mooring may consist of clump anchors, mooring wire, and lifting wire.  Marker buoys with lights and radar reflectors will be required.  The mooring wires will be on the mooring winches on the installation platform.  The mooring anchors, marker buoys, and lifting wires will be staged on an anchor-handling vessel.  The lifting lines are pre-attached to the anchors.

The mooring system will be installed by the anchor-handling support vessel (e.g., a self-propelled crane barge or equivalent).  The installation platform may be self-propelled or may be towed into position at the HAS installation site by a tug.  The platform will be moored parallel to the prevailing current.  The up-current anchors will be installed first.

When the anchor-handling vessel (crane barge) arrives at the first pre-determined up-current anchor location, both vessels (installation platform and anchor-handling vessel) confirm location with the integrated navigation system.  The installation platform should be in position at the HAS installation site.  The tug maintains the installation platform’s position during installation of the mooring.

The installation platform passes the first mooring line to the crane barge.  The crane barge makes up the first mooring line to the first anchor and backs away from the installation platform.  The installation platform pays out mooring line, and the crane barge lowers on the lifting line.  When the anchor is about 3 meters from the seafloor, the crane barge confirms proper location and sets the anchor on the seafloor.  Then, the marker buoy is attached and deployed.

The second up-current anchor is installed in the same manner.  When both up-current moorings have been set, the installation platform sets the proper mooring wire scope on both up-current mooring winches.

The crane barge then installs the down-current anchors in a similar manner.  The mooring is now completely installed.  If necessary, the installation platform warps itself to the HAS installation location.  Figure 5‑3 illustrates the mooring configuration.
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Figure 5‑3.  Mooring Configuration

5.3.2 Array Installation

Prior to deployment of the sled, the OTS tether cable(s) is/are recovered and connected to the HAS tether(s) with a dry-mate connector.  Array performance is determined to conform to the requirements of this AWS specification.

note

It is highly desirable to have the capability to monitor and confirm HAS functionality during the entire installation process.

The HAS deployment sled is lowered to the seafloor at the pre-determined location of the end of the system and pulled ahead on the seafloor slightly to ensure proper orientation.  The position is confirmed with the USBL and integrated navigation system, and adjustments are made, if necessary.  The ROV is launched to confirm the position, attitude, and orientation of the sled.  If there are locks on the array reels that cannot be released acoustically, they are released by the ROV.  If needed, the ROV releases the locks on the separation mechanism that hold together the two sections of the sled.  The installation platform warps ahead in the four-point mooring and pays out line from the tow winch to leave the sled towline slack on the seafloor.  This process continues until the installation platform reaches a suitable location that will allow for pulling the sled 600+ meters (plus allowing for an appropriate amount of towline scope in the water column).  The sled is then pulled the installation distance (equal to array length) using only the tow winch on the barge.  The location of sled components and deployment progress is monitored by the integrated navigation system using the USBL transponders.

The sled components are left in place on the seafloor to act as anchors for the arrays.  The installation platform warps forward to deploy and then release the towline to the seafloor.  (This line can later be recovered to the surface as part of the array recovery operations.)  Upon completion of array deployment, the ROV traverses the entire array and confirms that the array modules are deployed satisfactorily.

The OTS tether cable(s) is/are recovered to the installation platform and connected to the HAS tether(s) with a dry-mate connector.  Array performance is determined to conform to the requirements of this AWS specification prior to releasing the tether to the seafloor.  As the complete tether is released to the seafloor, DGPS is used to establish final tether location (for future recovery).

The six panels in Figure 5‑4 show the HAS installation sequence.
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Figure 5‑4.  HAS Installation Sequence























