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1.0 INTRODUCTION.

The Monterey Aquarium Research Institute (MBARI) is currently developing a deep ocean underwater science observatory. The maximum installed depth of the observatory is planned to be 4000 meters deep in seawater. The observatory design includes a wave following buoy system connected to a seafloor anchor with an electro-optical cable strength member referred to as the Riser Cable. 

The connection between the surface buoy and the Riser Cable will be through a specialized strain and bending relief element which has been shown to significantly reduce the wear and tear on the riser cable. For more applications detail see appendix 1.

The connection of an electro-optical-mechanical cable to a surface buoy for an extended deployment is recognized as a unique and untested application. To prove the concept and verify the design a test mooring will be placed in Monterey Bay, in approximately 1800 meters of water in mid 2002. The initial cable purchase shall be for the test mooring riser cable to complete this installation. If this deployment is successful it is anticipated that further orders for the same cable construction will follow. 
It is MBARI’s intention that the cable vendor, not MBARI or its independent contractors, design the cable described in this document. Sections 3.0 and 4.0, represents MBARI’s only firm requirements. Items indicated as To Be Determined (TBD) are open to further discussion between MBARI and the vendor.

All information supplied by cable vendors to MBARI in connection with this cable purchase, including proposed designs, estimated performance and cost will be held in strict confidence by MBARI. Non-disclosure agreements can be executed if necessary. For final evaluation of the cable designs specific permission will be requested from the vendor to share the design information submitted with a consultant assisting MBARI with the cable purchase.

2.0 CABLE PROPOSAL REQUIREMENTS.

Prospective vendors are invited to submit proposed cable designs and should include the following information:

2.1 Design and estimated performance documentation.

2.1.1 Description of the cable construction materials, approximate sectional dimensions and illustration for both fishbite protected and non-protected cable cross-sections (see fishbite protection section below).

2.1.2 Cable weight per meter in air and seawater for both fishbite protected and non-protected cable cross-sections.

2.1.3 Estimated axial stiffness of the cable (EA) seawater for both fishbite protected and non-protected cable cross-sections. Load vs strain curve should also be included.

2.1.4 Estimated strain induced rotation of the proposed cable design.

2.2 Cable cost.

2.3 Cable delivery time ARO.

3.0 CABLE CONSTRUCTION REQUIREMENTS.

3.1 Length. Cable shall be delivered in a continuous length of 2500 meters. A minimum of five meters shall be accessible at both ends of the cable to allow testing on the shipping drum.
3.2 Strength member. The cable strength member shall be synthetic fiber consistent with a minimum seawater weight and good fatigue life over the service life.
3.3 Fishbite protection. Section of cable shall be protected as shown in appendix 1, figure 4 with a braided stainless steel wire layer or layers.
3.4 Jackets. All sections of the cable shall be jacketed with a non-conductive polymer jacket to protection and to allow the operation of inductively coupled data modems on the riser cable. The outer jacket color shall be BLACK for the fishbite protected section and YELLOW in the non-fishbite protected section (inner jacket). The jacket shall be free of any skips or gaps that would expose the armor to seawater except where shown in appendix 1, figure 4 at the exposed end of the fishbite protection armor braid.
4.0 CABLE PERFORMANCE REQUIREMENTS.

4.1 General and Environmental. The riser cable performance shall not be degraded by conditions typical of the working environment, including:

4.1.1 Continuous submergence in seawater over working life.

4.1.2 Temperatures from 0 to 25 degrees Centigrade. 

4.1.3 Hydrostatic pressure equivalent to 4000 meters seawater.

4.1.4 Service Life.  The Riser cable shall provide a minimum of three years of service while continuously submerged in a dynamic ocean environment.


4.2 Mechanical
4.2.1 Diameter (minimize)

4.2.2 Weights (minimize)

4.2.3 Working Strength 6000 lbs.

4.2.4 Breaking Strength 12000 lbs. minimum.

4.2.5 Fatigue Life. The cable materials and construction shall be suitable for the dynamic loading of continuous operation as a buoy mooring cable.

4.2.6 Elongation. The strain on the optical package in the cable is not to exceed 0.65% at 6000lbs. load including initial constructional stretch.

4.2.7 Rotation. The mooring design does not include a swivel, therefore it is important that the cable be torque balanced as much as possible and strain induced rotation shall be minimal in keeping with good design practice.

4.2.8 Minimum Bend Radius 45cm (18”) or less

4.2.9 Packaging standard cable reel suitable for shipping.

4.3 Optical


4.3.1 Fiber Count. There shall nominally be four single-mode optical fibers. Fibers shall be Corning “Titan SMF CPC5” or other suitable fiber selected by cable vendor. Use of alternate fiber shall be by written agreement between vendor and MBARI. The optical specifications must be met over the specified cable service life during continuous operation under the conditions described in the “General and Environmental” and the “Mechanical” sections above.

4.3.2 Optical Attenuation. Attenuation in each fiber shall not exceed the following values under cable working conditions (see mechanical specifications for working condition values):

0.7 dB per kilometer at 1310 Nm. wavelength

0.7 dB per kilometer at 1550 Nm. wavelength

4.3.3 Optical Attenuation Uniformity. No single point attenuation discontinuity in any fiber in the finished cable shall be greater than 0.15 dB at either 1310 Nm. or 1550nm. wavelengths, as measured with an OTDR.

4.3.4 Optical Dispersion. Individual fiber specifications for optical dispersion in the completed cable shall meet the pre-cabled fiber manufacturer’s specifications for the fiber used, as measured by EIA/TIA 455-175.

4.3.5 Fiber Proof Test. Individual fibers will be proof tested at the time of manufacture to a minimum of 150kpsi.

4.3.6 Fiber Identification.  Fibers or their over-jacketing shall be color coded or otherwise indelibly marked at least every meter for identification.  


4.4 Electrical


4.4.1 General.  The cable will be used for electrical power transmission while submerged in the marine environment.  The cable shall provide a minimum of two electrical conductors insulated from one another, and from seawater.

4.4.2 Working Voltage.  The cable will be used at a working voltage between conductors, or between conductors and seawater, of up to 425 Volts DC.   At this voltage, the maximum electrical stress present at any point in the cable insulation system shall be less than or equal to 2.0 kV/mm (51 volts/mil).  The insulation system used must be suitable for continuous high D.C. electric field stress.

4.4.3 Insulation Resistance.  The Insulation Resistance of each conductor in the as-built cable shall be a minimum of 3,000 Megohms per kilometer, measured at the working voltage of Section 4.4.1 above.  The resistance shall be measured between the test conductor, and the other conductor(s) plus the cable armor plus any other metallic cable elements, tied together.

4.4.4 Conductor Resistance.  The cable will be used at a working current of up to one ampere per conductor.  The maximum as-built, as-cabled, round trip (two way) resistance of the two cable conductors in series shall be a maximum of 8.6 ohms per kilometer (nominally 4.3 ohms per kilometer per conductor, although equal resistances are not required), measured at a conductor temperature of 20 degrees C.  The as-built conductor resistance shall have a tolerance of +/- 5%.

4.4.5 Production Testing.   Each individually insulated conductor shall be tested for insulation resistance, before cable assembly, in a water bath.  The test conditions and criteria for acceptance shall be as specified in Section 4.4.2 above.  The completed cable shall be evaluated for Partial Discharge at the working voltage of Section 4.4.1 above.  No detectable discharge is permitted, within the detection limits of the test equipment employed.

4.4.6 Conductor Identification.   The individual conductors shall be color coded or otherwise made visually distinguishable from one another, either throughout their length, or at regular increments not to exceed 0.33 meter. 


5.0 CABLE QUALIFICATION TESTS. 

The cable manufacturer shall perform the following test at manufacturer expense and forward the results to MBARI prior to final acceptance by MBARI of the completed cable.

5.1 Strain on the optical package at 6000lbs. cable tension. The cable shall be tensioned to 6000 lbs. and the elongation of the optical package measured over ten cycles from 0 to 6000lbs. The total elongation due to initial constructional stretch and load strain on the cable shall not exceed 0.65% on the first through the tenth load cycle. Failure to meet this requirement is cause to reject the cable.

The following tests will be performed by MBARI or an independent test contractor at MBARI expense prior to final acceptance of the cable. Failure to meet the specified Cable Performance Requirements in section 4.0 is cause to reject the cable.
5.2 Electrical. A riser cable specimen will be subjected to conductor resistance and insulation resistance tests to obtain the as delivered values.
5.3 Optical Static Attenuation. The riser cable will be tested for optical attenuation at 1310Nm and 1550Nm wavelengths to obtain the as delivered values.
5.4 Optical Characterization. The optical attenuation in response to tensile loading will be measured.
5.5 Mechanical Characterization. A riser cable section will be tested for tension induced changes in elongation, diameter, torque and rotation. The riser cable will also be tested for yield and breaking strength.
6.0 DELIVERY.
Delivery shall be quoted FOB destination, Moss Landing, California, 95039. Cable shall be delivered suitably packaged for transportation and storage.

Cable shall be delivered in a continuous length. A minimum of five meters shall be accessible at both ends of the cable to allow testing on the shipping drum.
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The MOOS mooring riser was analyzed for dynamic loads induced by wind, current, and seas. The three areas of interest were:

The high energy area beneath the surface float

The area where the braided cable armor ends (referred to as EM/vectran junction in plotted data)

The area just above the anchor

In an effort to isolate the riser cable from the high energy zone and related induced cyclic stress and strain, a shock absorbing strain relief system has been designed for the area below the surface buoy (see figure 1). The strain relief consists of a 16 meter long x 4”diameter fuel hose with the EO cable coiled inside in a “coil cord” arrangement with integrated instrument cage. This system is being designed by Woods Hole Oceanographic Institute and will have a flange connector to mate with the vendor supplied cable beneath it. The surface energy will be partially absorbed through the stretching and bending of the strain relief, minimizing the amount that the vendor supplied cable will experience. In addition, conventional engineered bending strain relief systems will be utilized at all other “hard point” connections. 

The dynamic loads are added to the static loads on the riser due to the weight of the cable, buoyancy-induced tensions, and current-induced tensions.

Dynamic analysis was performed for standard operating “design conditions” (90% sea state condition or seas less than or equal to this 90% of the time) and “survival conditions” (25-year return period storm). The results are shown in figures 2 and 3.
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Figure 1 – MBARI MOOS mooring concept design
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Figure 2 – 90% sea state dynamic results
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Figure 3 – 25 year storm dynamic results
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Figure 4 – Schematic of riser cable construction
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