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to reduce capital expenditures. Two sites are needed for a full set of HF radar surface currents.
A location across the inlet such as the town of Nikiski could serve as a suitable second location,
either as a remotely powered site or connected to the grid if an appropriate site can be found.

3.5.1 Tidal Power

Tidal currents were evaluated in Cook Inlet using a Finite Volume Coastal Ocean Model
(FVCOM) simulation over many tidal cycles and queried at the location of Station DRFA2.
Current magnitude of the surface layer is used to estimate kinetic power density and the power
output of a tidal turbine of 5 m? projected area (2.5 m diameter) with an overall system
efficiency of 0.3, cut-in speed of 0.8 m/s, and rated power of 1.5 kW, sized to achieve a
capacity factor of 29%. Resource intensity averaged over the year is 361 W/m?. A time-series
of tidal power output is shown in Fig. 8. Power is estimated at 439 W over many tidal cycles for
the period of 2005 modeled. This result is expected to be typical over a full year. Of note are
the periodicity and predictability of the tidal resource. However, there are phases of the tidal
cycle during neap tide where speed is expected to be below specified cut-in for the turbine.
Periodic intermittency necessitates the use of a battery bank.
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Figure 8. Estimated power output over many tidal cycles for a 1.5 kW rated tidal turbine.

3.5.2 Solar Power

Many NDBC meteorology platforms use solar power, but it is unclear whether or not Station
DRFA2 follows suit. However, it is evaluated as an option for this use case. NREL's PVWatts
tool is utilized to simulate a year of hourly-resolved solar output for a system rated for 1.5 kW,
equal to the rating of the modeled tidal system. The station is roughly 64 km removed from the
simulation node. The conditions for solar power are assumed to be relatively consistent over
this range in the interior of Cook Inlet. A solar array of this size is estimated to average 161 W
over a full year from a resource of 250 W/m?. A time-series of output is shown in Fig. 9.

3.5.3 Wind Power

Station DRFA2 collects wind speed and direction data, utilized to estimate the output of a wind
turbine mounted to the platform. Data from 2005 is selected to temporally match simulation
output of tidal energy at the site. A device of 10 m? projected area (3.6 m diameter), an overall
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Figure 9. Estimated power output for a 1.5 kW rated solar array.

system efficiency of 0.3, and rated power of 700 W is modeled to reach a capacity factor of
30%. Estimated power output is shown in Fig. 10. Power is intermittent and inconsistent at the
site, with an average kinetic power density of 107 W/m? and the modeled turbine averaging 209
W over the full year. Requiring a much larger wind turbine to attain similar power output and
capacity factor as a tidal turbine is to be expected for a wind system, given the differences in
density of the working fluid. However, the stochastic nature of the wind resource and long
stretches of low power output would require a larger battery bank and more complex energy
management system than for tidal.
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Figure 10. Estimated power output for a 700 W rated horizontal axis wind turbine.

3.5.4 Wave Power

Given the low wind resource and inland water location of this use case, wave power is not
anticipated to be a viable resource. Additionally, no assets measuring sea state were identified
in close proximity to the site. However, modeling results for Cook Inlet have been published in
the NREL MHK Atlas (NREL 2019). The closest simulation node, several km from the station,
averages 0.12 kW/m over a full year. Considering expected efficiencies of small WECs of less
than 10%, this level of power would not be suitable for development.
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3.6 Potential Partners

Potential partners who have indicated interest in this project include UAF College of Fisheries
and Ocean Sciences and CODAR staff. Key staff within each of these organizations have
contributed to the development of this use case and indicated interest in the possible
application of marine energy towards extending the mission of HF radar systems. As this use
case moves forward, these partners will be asked to assist with design elements for marine
energy devices that will help connect marine energy power sources to HF radar stations without
disrupting the essential mission of the platforms.

3.7 Conclusions

HF radar systems have tremendous societal and economic value by saving lives and property,
such as through USCG SAR operations. If in-situ power were available, gaps could be filled in
the current HF radar network in certain remote locations. Even in those places with wind or
solar resource, the stochastic nature of these resources and potentially long stretches of low
power output would require a larger battery bank and more complex energy management
system. The selected site identified by this use case would be well suited to pair with tidal
energy given the high power needs of a CODAR system and existing offshore infrastructure.

Use Case #2: Expanding HF Radar for Resiliency in Coastal Communities

15



PNNL-29585

4.0 Use Case #3: Powering AUV Docking Stations

4.1 Introduction and Value Proposition

Autonomous underwater vehicles (AUVs) perform underwater tasks without a tether or line to a
surface ship, carrying instruments and sensors to monitor, inspect, or otherwise interact with
underwater environments making decisions using an onboard computer based upon external
stimuli. The power capacity of an AUV’s onboard battery limits its mission range and duration.

Underwater docking stations can theoretically expand the scope and duration of AUV
missions by:

recharging AUV batteries without recovering the vehicle on the surface,
facilitating data transfer and increasing mission data storage capacity,
maintaining a ‘resident’ presence for near-continuous observations,

avoiding any surface presence apart from a possible communications node, and

providing a secure platform to dock vehicles between missions and streamline vehicle de-
ployment and recovery, among other possible benefits.

All of the above advantages could potentially be realized with a docking station cabled from
shore, but the industry’s available record shows no evidence of a successful, sustained
operation of an AUV docking system: pilot projects have been conducted, but to our knowledge
there is no established commercially available system at this time (Blue Logic launched its
Subsea Docking Station product in September 2019, so it is too soon to independently assess
its performance [Blue Logic 2019].) Engineering challenges around the control of the AUV to
contact the dock (Fan et al. 2019), design of the mating interface, and control of the mating
cycle — including even the ability to ‘sleep’ the AUV to avoid continuous power draw — have not
yet been resolved but are surmountable. Incorporating a wave energy converter with a docking
station cabled to shore does not appear to have been considered and does not appear to offer
any advantages.

The added innovation of an uncabled, autonomously-powered docking station would provide
additional benefits of increasing the geographic range (i.e., distance from shore) of possible
locations. Incorporating a wave energy converter as a power source to complement the
autonomous power source (e.g., wind or solar PV) would potentially extend the seasonal
operability as well as provide redundancy in case of component failures.

Using a WEC as the sole source of power for an autonomous docking system is also a
potential design; this could potentially minimize or eliminate altogether any surface expression
of the system, which could be desirable for defense applications, although the lack of surface
expression could inhibit communication modes that don’t work underwater. Such a system is
not the focus of this use case.

This use case explores the scenario of using supplemental wave energy to facilitate a
docking system located far offshore and operated year-round. Such a system could have a
range of potential applications including ocean observation, structural inspections, or even
resource extraction based around a single docking station; or a network of such docking stations
could conceivably allow extended missions from one station to another, much like a network of
electric vehicle charging stations allows travel unconstrained by the onboard storage capacity.

One specific application of a docking system is the real-time monitoring of hurricanes. A
docked and charged AUV could be pre-deployed in hurricane prone areas and lie in wait for
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approaching storms. Once a storm develops, the AUV could be deployed rapidly without ever
risking a ship and crew. The AUV could continue its mission by running multiple sorties from a
single dock or by moving through a network of docks to follow the storm.

There are a number of challenges associated with powering AUV docking stations with
marine renewables. One of the biggest challenges is integrating the marine energy system into
the charging system that would be used for the AUV. Wave energy converters are located at or
near the water surface where most of the energy is, however docking stations are typically
located lower in the water column or on the seafloor. Putting charging stations on the seabed
makes it easier for the AUV to dock by providing a stable platform, however getting power to
the docking station is a non-trivial technical challenge.

4.2 Technology Description

This use case is challenged by the absence of any established commercial docking system,
cabled or autonomous, on which to base proposed changes. In the absence of such an
established platform, we will use the recently-piloted high powered mooring and AUV dock
system developed by WHOI and deployed on the OOl Coastal Pioneer Array, shown in Fig. 11,
as the base design.
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