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NortekUSA loaned an AWAC (Acoustic Wave And Current) profiler to UNC-Wilmington for a short
demonstration deployment. The AWAC was deployed in 28 m of water off of the North Carolina coast.
The AWAC was configured to measure current profiles every 10 minutes and wave parameters every 30
minutes. The waves were measured with 2048 points sasmpled at 2 Hz (~17 minute burst duration).
Acoustic Surface Tracking (AST), adirect acoustic measurement of the surface position to calculate wave
height and period, was sampled twice as frequently at 4 Hz (4096 points). The figures below illustrate the
data collected and offer examples of data products available with the AWAC AST measurements.

Figure 1. Deployment location of AWAC (red star) on the North Carolina coast.

Figure 2. AWAC mounted next to RDI ADCP in UNC-W bottom mount.
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Figure 3 offers typical wave parameters measured by the AWAC. The AWAC calculates Significant Wave
Height (Hs) using two independent methods:

Mean Method — mean of the highest 1/3 waves
Variance Method — four times the square-root of the area under the power spectra.

The blueline in Figure 2 presents Hg calculated from the Variance Method. Typically, Maximum Wave
Height (Ha) isonly a statically estimated value from the power spectra. Because the AWAC measures a
time series of wave height (at 4 HZ) using AST, H,..« may be calculated directly, not estimated as a
statistical function. Figure 3 gives a clear example of how true H (red line) is often 1 m greater than Hg
in this study region.

Figure 3. Wave parameters measured by the AWAC.

Figure 3 gives the Peak Period (T pe) and Mean Period (T nean) measurements from the AWAC. tis
evident that the Peak Period fluctuates between higher frequency wind waves (~4-5 s) and lower frequency
swell (8-10 s). Because wave height, and thus period, are measured with AST at 4 Hz, the AWAC can
resolve wave periods as short as 2 Hz. This resultsin measuring much of the meaningful energy spectrum
and gives a Mean Period lower than the Peak Period. The Peak Direction data show very little noise and
occasionally indicate that there were at least two incident wave directions of similar energy (7/27 to 7/29).

Figure 4 illustrates the normalized power spectra from the AWAC wave measurements. Each spectraare
normalized to give arelative sense of what frequencies were energetic during each wave burst.  While the
AWAC can resolve wave frequencies to 2 Hz, only energy to 1 Hz is presented below. The normalized
power spectra plot gives some indication of how the wave field evolves over time aslocal wind forcing and
remote storms affect the wave frequencies in the study area. Again, this plot suggests that the background
low freguency swell (10 s, 0.1 Hz) dominates the wave field except during times of local wind forcing

NortekUSA « 222 Severn Avenue « Suite 17 « Building 7 « Annapolis ¢ MD « 21403
Phone: 410-295 3733 « Fax: 410-295-2918
www.nortekusa.com



when the wind waves of higher frequency (3-5 s, 0.3-0.2 Hz) become energetic. These data suggest that
resolving and measuring the higher frequency waves (order 2-3 s, 0.5-0.3 Hz) accurately can be very
important to understanding the evolution of the wave field. The very accurate direct measurement of the
surface with AST allows for this clean picture of wave energy to be plotted.

Figure 4. Normalized power spectra.

Individual power spectra are presented in Figure 5 for afew representative wave measurements.
Significant wave heights from these spectrarange from 0.63 to 1.03 m. These spectra show several
different wave energy regimes:

Hs = 0.63 m — wide spectrum of low wave energy

Hs=0.70 m—two nearly equal peaksin wave energy

Hs = 1.03 m — broad frequency distribution with single distinct peak

Hs =0.80 m—all wave energy focused in single low frequency (swell) peak.
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Figure 5. Energy spectra from four representative wave bursts.

Figure 6. Acoustic Surface Tracking (AST) time series of wave height (60 second excerpt) for
two representative wave bursts.
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The AST feature of the AWAC measures the wave height directly using a single acoustic beam focused at
the surface with no beam tilt. The AST was programmed to measure at 4 Hz over the complete wave burst
duration (~17 minutes). This gives avery high resolution time series of wave height history. From this
history, the wave shape can be determined and the single largest wave during each wave burst can be
observed (Hax)-

Presented in Figure 6 are 60 second excerpts from the total 17 minute data set for two representative wave
bursts. The y-axis givesthe AST measurement which is the distance from the AWAC to the sea-surface in
meters. The AST time series show irregular, non-linear waves in anot yet fully developed sea. Thered
circlesindicate the largest wave of each 17 minute time series (Hn). These data clearly show that it is
important to sample wave height at 4 Hz. Each small blue dot is an AST measurement at 4 Hz. Anything
less (under sampling) would have missed some key wave features.
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Figure 7. Full directional spectra polar plots from four representative wave bursts.
Note different color bar scales.

Figure 7 offers full directional spectra polar plots for four representative wave bursts. This gives an
indication of the wave field as a function of direction, frequency and energy. It isevident that there are
several times when waves of different frequencies are coming from different angles (top two plots). The
bottom two plots show wave energy focused from a single direction and frequency (left plot) and two
waves of similar frequency but different directions (right plot). Please note that the color bar scales are
different to highlight each plot.

The AWAC also measures vertical profiles of current velocity. In this deployment, the AWAC was
programmed to measure velocity is1 m cells. In 28 m of water, the AWAC was able to resolve the bottom
24 m of water velocity (side-lobe interference contaminates the top 4 cells). Figure 8 givesthe U and V
components (East & North) of velocity during the AWAC deployment duration. Thetidal phaseisclearly
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evident asis some wind/wave forced currents near the surface 8-10 m. Currents reached a maximum of
about 0.5 m/s.
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Figure 8. Contour plots of current velocity where V is North/South and U is East/West.
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Figure 9. Engineering data from AWAC.

The AWAC logs standard engineering data for each wave and velocity measurements. These datainclude
pressure, temperature, pitch/roll, heading, battery voltage and status and error codes. Relevant engineering
data are presented in Figure 9.
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For more information about this deployment, the AWAC or any other of the NortekUSA products, please
visit our website at: www.nortekusa.com or call 410-295-3733.
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