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Cabled Ocean Observatories offer the potential to deliver
unprecedented amounts of power to remote instruments and sensors.
The availability of sufficient power will enable new instrumentation and
methods. Here we describe the present NEPTUNE power system
design which will be capable of delivering an average of approximately
4 kW or a maximum of 10 kW to over 40 seafloor node locations
spread over approximately 500 km x 1000 km of seafloor. The system
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1. Output of the dc/dc converter is a constant voltage (400 V) and load power is constant in spite of variations in
the input voltage. Thus, input current increases when the voltage decreases, i.e. the converter presents a
negative resistance to the system. Normally, a negative resistance in a circuit implies instability. The negative
resistance appears because of the control action of the converter. The effect is present only over the bandwidth
of the control system (a few kHz). The solution is to damp out oscillations with appropriate input filter.

input filter Simulations show

that with the filter
installed, the
converter is stable
even for step
changes in load or
input voltage. That
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Faults within a node are easier to detect, as the measurements needed are all close together. Clearing a node
fault may mean shutting the node down. In this case, the node must signal adjacent nodes to isolate it, as the
individual nodes do not have breakers they can operate to isolate themselves. A challenging aspect of node
protection is to detect small leakage currents from the backbone circuit. In general, such a leakage may signify
incipient insulation failure inside the node. Since there will normally be a significant ground (ocean) current at
the node, the technique depends on directly measuring the sum of the currents in the two backbone cables
and the ground connection.

Faults will inevitably result in the entire network being shut down. This aspect is unlike the terrestrial power
system, and is a result of the current-limiting nature of the shore station power supplies. However, while faults
may occur, and the network may go down, it will only be down for a short time.

Voltage (kV)

will have a backbone of 3500 km of standard seafloor
telecommunications cable connecting the nodes in a mesh topology.
The network will have 10 kVdc parallel feed, distributed stochastic load,
and constant voltage output. A network of secondary extension cables
will be developed that will allow the network to be extended up to 100
km from the backbone. The backbone cable has a single power
conductor so a seawater ground return will be used. High availability
and reliability over the 30 year life of the system is an important
consideration in design and construction of the system. It is anticipated
that faults will occur in the node electronics, cables, etc., so a T

is not the case
when the filter is
removed, shown
~ here.
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' B, Faults cleared by opening backbone circuit breakers. Cannot act fast enough to prevent the effect of the fault
reaching the shore station. Will isolate fault in ~20 ms.
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All breakers will open after a fault. Not effective from reliability viewpoint to keep them closed with stored
energy. When fault cleared, voltage on shore will return to normal, and restoration can begin. However, the
operator may decide first to perform a fault location sequence.

If this process is automated, system operation should be reusmed in less than a second.
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Plate ‘ Z : 0 converters with inputs in series and outputs in parallel.

2. Second converter stability question arises from the modular nature of the design. Plan on a stack of
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10 kV to 400 V dc/dc Converter Maintenance
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While the work presented here is being done within the framework of NEPTUNE, it will be generally
applicable to all cabled ocean observatories using similar cable.

Operating Stahility Cable Protection

[0 +[JCoordinating the multiple shore stations supplies Cable faults can be caused by manufacturing defects, fishing activity or anchors. NEPTUNE will use overcurrent
= = protection in the branching units. This approach obviates the need for communicaton and for voltage

[1 «[JAssume 2 shore stations set to produce the same voltage. Each is a "slack" generator. While utility practice [ meaurement. Normally it is considered that the protection system itself may develop a fault, and so must be

[1 [1 is to have only 1 slack machine in any area, our simulations show that having 2 should not be a problem. [ designed with redundancy. NEPTUNE plans instead to make the protection scheme simple and reliable.

[1 [1 Power will be drawn from each according to Ohm's law.

spur cable

Science community input is needed to review engineering requirements.




