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Overview of Measurement Program

» Purpose was to measure hydrodynamic response in Lake Calcasieu
shipping channel during passage of large vessels as a means to analyze
sediment transport processes

 Installed Nortek AWACSs at two locations (8 miles apart) for a period of 21
days

« Rapid sampling using surface track (AST), velocity, and echo amplitude to
resolve flow variability during passage events

« Events marked by significant elevation drawdown and corresponding
velocity surge. Hydrodynamic response much greater than ‘normal’ flow
conditions

» Potential for sediment transport clearly related to vessel passage

 Differences of flow variability at the two sites due to channel geometry and
vessel characteristics
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» Goal was to determine the dominant physical processes during vessel

passage, i.e. what's happening?
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Technical Approach

* Mount Acoustic Wave and Current (AWAC) sensors as close
to the shipping channel as possible

« Sample events rapidly to resolve potential variability at short
time scales (4 Hz)

* Measure elevation changes, velocity, and echo amplitude
(proxy for relative suspended material)

» Wake effects? Primary wake? Secondary, Tertiary wake?

» Use data as an input to hydrodynamic (numerical) modeling as
well as stand-alone sediment transport assessment
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AWAC Configuration

 The AWACs were programmed to burst sample every 20 minutes.

» Burst sample consisted of 2048 samples (at 2 Hz) for water velocity and
echo amplitude, and 4096 samples (at 4 Hz) of surface track.

» Burst samples began 2 minutes into each 20-minute window, continuing for
1024 seconds (17 minutes 4 seconds), followed by a sleep period of 56
seconds.

» The first 120 seconds of the 20-minute sample window were used to
average current profiles and mean pressure.

 The AWACs were installed December 19 and recovered January 9, 2007
(21 days of observations, or about 1530 bursts).

e Data recovery was 100% at both sites.
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Velocity Profiling

*Approximately 5 valid bins were measured during each 20-minute velocity
profile ensemble.

» Average velocity profiles had a vertical resolution of 0.5 meters, with the first
profile measurement centered 0.9 meters above the instrument and the final
profile bin centered approximately 2.9 meters above the sensor.

» Velocity profile bins were fixed, independent of water level at the time of
measurement.
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Burst Sampling

* In contrast to the averaged data, the high-frequency burst velocity and echo
amplitude samples were obtained over a single bin, or depth interval, above
the instrument.

» The precise location of this bin varied from burst to burst due to changes in
tide (elevation), relying on the preceding pressure average to locate the bin as
optimally as possible.

» The bin length was fixed at 0.96 meters; the center of the bin was generally
2 meters below the sea surface.

» Therefore the resulting velocity and echo amplitude for each burst should
be considered representative of average conditions between 1.5 meters to 2.5
meters below the mean sea surface (generally mid-depth).
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Cross Channel (East) Velocity SN 5322 (Marker 69: South)
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Cross Channel (East) Velocity SN 5117 (Marker 85: North)
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Example of Vessel Passage Event




Example of Vessel Passage Event




Burst Screening Procedure

* Needed to screen 1500+ bursts to identify significant events

» Procedure developed to low-pass filter burst data with 10-second cut-
off

e ‘Event’ if drawdown was > 0.3 meters and burst elevation variance
was elevated

« Manual screening to discard small vessel effects (tying up to marker
caused noisy AST data), other obvious eliminations, or incomplete
events (start or end of burst)

 Matched events between north and south locations based on vessel
traffic log (incomplete at best) and travel time

e 42 total events were assessed at each location. 36 of these events
were matched to specific vessels with reasonable confidence. Nine
vessels were observed on both inbound and outbound transits.




What happens as a Vessel Passes?

 Significant elevation drawdown, as much as 1 meter along channel
margins

« Corresponding flow surge, as much as 4 knots, in phase with drawdown

 Direction of the velocity surge is opposite to the direction of the vessel
(i.e. a northerly surge for a southward-bound vessel)

* Increase in echo amplitude during surge indicating increased volume of
sound scatterers in the water column

 Time scales of the events were 1-2 minutes

 Visual observations noted during the system installation, during the
passage of a large tanker, indicated the maximum drawdown occurred just
prior to the vessel passing the channel marker. This is the only indication of
the precise timing of peak drawdown and velocity surge at the channel
marker relative to vessel position in the channel.




Bold Line: South
Light Line: North

« Drawdown and velocity
surge correlate with vessel
displacement

« Drawdown at South
location greater than
North, probably due to
differences in channel
geometry

» Southerly surges
(inbound, loaded) greater
than northerly surges
(outbound, offloaded)

« Channel geometry,
vessel size and proximity
affect event variability




Conclusions

 AWACSs used for high-resolution measurements of hydrodynamic
response during vessel passage events

» Provided reliable, high-quality results

« Data show vessel passage events produce low-frequency, high-
amplitude velocity surges within channel.

« Surges are x4 greater than normal flow conditions

« Echo amplitude data suggest these vessel-induced velocity surges
suspend and transport channel sediments

» Surge magnitudes correlate to vessel size and displacement

 Differences in surge magnitude between two locations probably due to
channel geometry (width, depth)
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