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Preface
The field data collection study of the Waikiki Natatorium documented in this report was performed for the U.S. Army Engineer District, Pacific Ocean, Honolulu (CEPOH).  Mr Thomas D. Smith was the CEPOH liaison during the study.  

The program was conducted by the U.S. Army Engineer Research and Development Center (ERDC), Coastal and Hydraulics Laboratory’s (CHL) Field Research Facility (FRF) from 23-29 Aug 2007, under the direct supervision of Thomas W. Richardson, Director CHL, Bruce A. Ebersole, Chief, Flood and Storm Protection Division, and Brad Guay, Chief, Field Data Collection and Analysis Branch.  The work was performed by Kent Hathaway and Stan Boc, with POH assistance by Thomas Smith, Jessica Podoski, and Jarrett Hara.  Brian Scarborough and Jason Pipes were invaluable in the fabrication of instrument mounts and current drifters. 
At the time of the study, COL Richard B. Jenkins was Commander and Executive Director of ERDC.  Dr. James R. Houston was Director.  

1
IntroductionPurpose
Field data collection was conducted for the U.S. Army Engineer District, Pacific Ocean, Honolulu (POH),  during 23-29 August 2007.  The purpose of the study was to obtain data for validating a numerical hydrodynamic model of currents in the vicinity of the Natatorium, a World War I memorial in Kapi’olani Park.  A saltwater swimming pool, abandoned since the 1960’s, lies seaward of the Memorial and blocks an along-shore channel cut through the reef.   The pool is in a state of disrepair and options for its removal or modification are being evaluated.  This report describes the measurements made to support modeling of currents around the Natatorium prior to modification.   The primary concern for this study is that changes to the Natatorium pool could alter currents such that an adjoining beach could erode.
Funding for the study was provided by the POH District of the U.S. Army Corps of Engineers (Point of Contact (POC):  Thomas D Smith, CEPOH-EC-T) to the U.S. Army Engineer Research and Development Center (ERDC), Coastal and Hydraulics Laboratory (CHL).    
Study Area
The study area is located south of Waikiki Beach, Hawaii, around the Natatorium (Figures 1 and 2).  The Natatorium and adjacent small boat channel (Kapua Channel) are shown in Figure 3.  Nominal depths in the channel are approximately 3m.   Maximum spring tide range in this area is approximately 0.8m (Figure 4).   Three in situ wave and current gages were installed and current drifters were deployed to obtain measurements for numerical model verification. 
Bleachers at the Natatorium pool provided an elevated point to mount a radio receiver antenna (Figure 5) for tracking the current drifters.  An area below the bleachers was provided by the town park service for use as a staging area (Figure 6).
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Figure 1.  View of study site relative to Waikiki and Diamond Head.
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Figure 2.  View of Natatorium and Kapua Channel.
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Figure 3.   Natatorium location, Waikiki, HI (depths in fathoms).
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Figure 4.  NOAA water levels for 23-31 August 2007 (NOAA station 1612340).
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Figure 5.  Natatorium bleachers by pool.
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Figure 6.  Work area under bleachers.
2  Data CollectionIn Situ Instrumentation
Three bottom mounted instruments were deployed to measure waves and currents.  A Nortek AWAC (1 MHz) acoustic current profiler was placed seaward of the reef, centered off the Natatorium, in about 5m depth .  A RD Instruments ADCP (1.2 MHz) current profiler was mounted on the channel bottom near the entrance, in about 3m depth.   The third unit was a Nortek Aquadopp current profiler (2 MHz) was placed in a small hole in the reef, about 35m seaward of the Natatorium pool outer wall in a nominal depth of 1.5m.  The first two gauges recorded directional waves and current profiles, the Aquadopp only recorded current profiles.   Locations of these instruments are shown in Figure 7 and coordinates listed in Table 1.  
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Figure 7.  In situ instrument locations.
Table 1.  In situ instrument locations.

	 
	 
	 
	 
	 
	 
	Nominal 

	Type
	Lat (deg min)
	Lon (deg min)
	Waves
	Currents
	SN
	Depth (m)

	AWAC
	21° 15.806’ N
	157° 49.663’ N
	Y
	Y
	5436
	3.3

	ADCP
	21° 15.704’ N
	157° 49.424’ N
	Y
	Y
	2989
	6.6

	Aquadopp
	21° 15.861’ N
	157° 49.379’ N
	N
	Y
	2603
	2.5


The instruments were mounted on a custom aluminum frames that were assembled on-site (Figures 8 and 9).  These frames were designed for easy assembly, and when disassembled are compact for efficient shipping.   Prior to deployment each gauge was field checked for compass corrections and barometric pressure.   
The ADCP gauge was RD Instruments 1200 kHz Workhorse, bottom mounted facing upward with the sensor head approximately 0.45 m off the bottom.  The frame was held to the bottom with about 95 lbs of lead weight.  This gauge has four acoustic transducers for measuring currents and a pressure sensor, from which horizontal and vertical current profiles were computed at 0.2 m vertical spacing.  Sampling was hourly at 2 Hz for directional wave measurements.  Each wave burst was approximately 34 minute long, starting at the top of each hour, and consisted of 4096 points.   There is a 0.62 m blanking distance from the transducer head, and with a 0.2 m bin width this makes the first sample 0.72 m past the transducer, or about 1.12 m off the bottom.  Current profiles were collected every 10 minutes from a 300 point average.
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Figure 9.  AWAC in frame and ready to transport.   
The Nortek AWAC gauge was bottom mounted facing upward with the sensor head approximately 0.30 m off the bottom.  This frame also had about 95 lbs of lead to hold it on the bottom.  Similar to the ADCP, this gauge has four acoustic transducers for measuring currents and a pressure sensor, which measure horizontal and vertical current profiles.  A noticable difference is the transducer configuration, one beam is orientated vertically and three others slanted at 25 degrees.  The vertical bean is termed the acoustic surface track (AST), which acts as an inverted echo sounder for measuring surface displacement.  Bin spacing for the this  unit was 0.5 m.  Current profiles were collected at 10 minute intervals from a 300 point average (5 minutes).  The unit does not simultaneously collect waves and currents, so houly wave sampling began 5 minutes after the top of the hour.  Wave sampling was at 2 Hz for directional wave measurements and 4 Hz for the AST.  Each wave burst was approximately 17 minute long and consisted of 2048 points (maximum for vendor analysis package).   There is a 0.4 m blanking distance from the transducer head, and with a 0.5 m bin width this makes the first sample 0.65 m past the transducer, about 0.95 m off the bottom.  

The Nortek Aquadopp gauge had a right-angle head and was mounted prone with the head facing upward, that mimimized the blanking distance from the bottom.  About 95 lbs of lead was used to hold this frame on the bottom.  The Aquadopp has three acoustic transducers for measuring horizontal and vertical current profilesm and a pressure sensor.  Bin spacing was 0.15 m and blanking distance was 0.2m.  Current profiles were collected at 10 minute intervals from a 300 point average at 1Hz (5 minutes).   With the transducer head essentially on the bottom the so the first sampled bin was approximately 0.3 m off the bottom.  
Current Drogues
Four inexpensive current drogues (drifters) were designed and built at the CHL Field Research Facility (FRF) that used GPS tracking and radio telemetry for positioning.  They were constructed with off the shelf plumbing supplies (PVC pipe,  rubber unions, hose clamps), a Garmin Geko GPS receivers, and MaxStream (model XStream-PKG-R) radio modems.   Custom aluminum bands with four 1-inch pipe couples welded at 90 degree angles were constructed for attaching horizontal PVC pipes that support the sails (drag).  The sails had about a half meter cross-section, approximately 1m horizontal and 0.5m vertical.  The lower vertical PCV pipe (submerged) contained the modem and batteries, the upper pipe section contained the GPS receiver and radio antenna.  A NEMA GPS data string was transmitted once per second from the Garmin and the Garmin internally recorded positions every 5 seconds.  A customized circuit was developed that would stagger drogue  radio transmissions by two seconds to eliminate interferrence from simultaneous one second bursts.  This circuit also attached a buoy indentification number to each position transmitted.  The ciruit has the capability for lighting a 9-element LED strobe for nighttime deployments.   These GPS units were WAAS enabled and had a horizontal accuracy of about 2 m.  

The drogues were initially deployed by balancing on a surfboard and paddling out to the drop-off point (Figure 10).  This proved to be cumbersome and modification was made to the bottom sail atachement so it would slide upward for transport, riding in a floating ring (Figure 11).   A land-based Linux laptop collected the drogue positions in realtime and displayed positions on Matlab generated plots. 
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Figure 10.  Deployment of current drifter from surfboard.  
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Figure 11.  Deployment of current drifter using drogue transport device.
4
Data Processing and AnalysisADCP Wave Processing
Wave spectra were computed using the RDI “WavesMon v2.1” analysis program.  This package computes non-directional spectra from three different parameters; the subsurface orbital velocity, the surface detection signal, and the pressure sensor (VSpec, SSpec, and PSpec respectively).  The velocity data are used to compute directional spectra.  The WaveMon program outputs ASCII files for each spectra (4 files per hourly collection) which are reprocessed using the FRF ADCP analysis programs that combines the three non-directional spectra into a single file for each collection and reformats the directional spectra files.  An example plot from the analysis package is shown in Figure 12.  The FRF programs also extracts the current profile data, computes various parameters like vertically integrated currents and QC information on the wave analysis.  Descriptions of the data files are provided in the Appendix A.
Spectral processing was done on 4096 point (~34 minute) records, band averaged to 128 frequency points, and directional spectra with 90 directional bins.  WavesMon program corrected data for instrument tilt and current Doppler shifting the wave frequency.  Additional processing with the FRF package computes QC parameters like spectral signal to noise ratio(SN, log_10 of the ratio), and ratios of surface corrected Hmo values from the three spectra (VSpec, SSpec, and PSpec).   It is left up to the user to decide what values to reject data, but typically a SN of less than 2, or Hmo ratios less than 0.8 or more than 1.2 may be suspect.    For this deployment the Velocity-Pressure ratio was near unity and all the data passed this QC test (Figure 13, subplot 4).
ADCP wave heights ranged from 0.55 to 0.8 m with mean periods between 7 and 8 seconds.  Mean period was selected for this plot as a more stable parameter than peak period, which often switched between long period swell and local generated wind seas.  Both values are provided in the data files.  Incident directions were approximately 220 to 230 degrees, relative to true north.  
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Figure 12.  Example plot of ADCP wave and current analysis for 2100 UTC on 28 Aug 2007.
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Figure 13.  ADCP wave statictics and QC parameters.
AWAC Wave Processing

Wave spectra were computed using the Nortek  “QuickWave v2.04” analysis program.  This program computed directional spectra from the subsurface orbital velocity and the surface track signal (AST) using a Maximum Likelihood Method (MLMST) .   QuickWave outputs ASCII spectra (directional and non-directional) files for each hourly collection, which were plottted for using Matlab programs.  An example directional and non-directional spectra are shown in Figure 14.   Descriptions of the Nortek data files are provided in the Appendix A.
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Figure 14.  Example AWAC directional spectra for 23 Aug 2007 at 1505 UTC.
AWAC spectral processing was done on 2048 point (~17 minute) records and16-point band averaged to 29 frequency points between 0.02 and 0.3 Hz.  The directional spectra have 90 directional bins.  Record lengths were shorter than the ADCP since 2048 points is the maximum allowed in QuickWave.
The initial processing with QuickWave indicated possible problems with the data when SUV analysis (Longuet-Higgins type directional processing using Surface displacement  and U-V velocities) resulted in obviously incorrect spectra.  In addition, resultant currents exhibited excessive noise.  It was determined that one of the beams (#1) had failed during deployment.  Initial instrument checkout prior to deployment showed all four beams as functioning.  The Nortek wave analysis program “Storm” has the capability of removing beams from processing, however it was discovered that it only worked when removing beam #3.  Nortek provided a modified program and corrected directional spectra in late January 2008.  An interesting result was MLMST wave analysis with and without beam #1 were nearly identical.  The MLM method apparently rejects the uncorrelated signal of bean #1 and uses the remaining beams.    
A comparison of ADCP and AWAC wave parameters show lower (average 25%) wave heights at the ADCP location (Figure 15).  This would be partly to wave dissipation between the two gauges,  with the ADCP located in the channel and partially protected by reef on each side.  Wave directions at the ADCP had a more northerly direction, 20 degrees on average.  This is not unexpected as  wave refraction into the channel would shift the direction towards the north.  Wave periods showed close agreement, particulary with mean period.  Differences in peak period between 26 and 28 Aug were due to bimodal spectra with a long period swell and local wind sea.   
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Figure 15.  Comparison of ADCP and AWAC wave parameters.

AWAC Current Processing

Averaged currents from the Nortek AWAC were computed at 10-minute intervals from 300 points sampled a 1Hz over 5 minutes.   The modified analysis program Nortek provided, that corrected for the non-functioning beam #1, only corrected the wave analysis and not currents.  This required in-house reprocessing of the data to compute currents without beam #1.  The Nortek “Storm” program was used to export “raw” beam velocities for Beams 2, 3, and 4 (Figure 16).    The oblique beams (25 degrees off vertical) measured currents along the beam direction, from which horizontal velocities were computed.  North and east horizontal velocities were determined from beams #2 and #3 using the internal compass measurements and head configuration.   Vertically averaged current speed and direction were computed from the north and east currents.  A comparison of the current measurements computed with and without beam #1 are shown in figure 17.    
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Figure 16.  AWAC beam configuration.

A large offset and noise level of beam #1 produced a positive bias in the current speed and obscured the semi-diurnal tidal variation of the speed.  When beam #1 was removed from the analysis the currents were observed to vary with the tide with speed ranging between 0 and 0.4 m/s.   Mean direction was heading 175 degrees clockwise from true north, with short duration reversals occurring when the currents dropped below about 0.05 m/s at slack tides.  Corrected data are shown in Figure 18.     
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Figure 17.  AWAC currents with and without beam #1.
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Figure 18.  AWAC waves, currents, and water levels.
As a verification check of the reprocessing without bean #1 was made with a comparison to a drifter deployed near the AWAC.  The drifter was nearly due south of the AWAC, approximately the same distance from the reef on 25 Aug at 0130 UTC.   The drifter current speed was 0.18 m/s with a direction heading of 216 degrees.  The AWAC current profile at this time is shown in Figure 19.  The uppermost bin was about 0.6m below the surface with the bin above being rejected due to surface interference.  The drifter depth in the upper 0.5m, in the region of the upper AWAC bin that was dropped.  However, extrapolation of the current speed and direction for the upper meter would agree with the observed surface drifter.
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Figure 19.  AWAC current profile 25 Aug 2008 at 0130 UTC.

ADCP Current Processing

ADCP average current profiles were collected in 10 minute intervals from 600-points sampled at 1Hz.  These profiles were computed using FRF generated programs that generally out perform the vendor (RDI) programs for surface detection to determine a cutoff point in the velocity profiles.  The in-house programs track several parameters generated by the ADCP,  assigns thresholds for each, and searching upward looks for values lying outside the set thresholds.  The parameters are error velocity, upward velocity, pressure, signal correlation, echo signal strength, and percentage of good 3-beam solutions. 

ADCP profiles are computed in north and east components, from which vertically integrated velocities were computed (Figure 20).  North-east velocities were converted into geographic speed and compass bearing for the direction (clockwise from true north).  Plots of ADCP current speed and direction are shown in Figure 21 with overlay of pressure (not to scale) for phase comparison with tide stage.   Current speed at ranged from about 0.07 to 0.25 m/s with directions between 220 and 270 degrees, averaging about 240 degrees, approximately in-line with the channel orientation
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Figure 20.  North and East velocity profiles and integrated conponents.
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Figure 21.  ADCP current speed and direction with over-plotted tides (phase comparison).
Aquadopp Current Processing
Nortek’s AquaPro software package produced ASCII files of Aquadopp current profiles.  These profiles were vertically integrated to the surface which was estimated from mean pressure measurements.  Vertically averaged current speed and direction, water depth, and water temperature are shown in Figure 22.
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Figure 22.  Aquadopp current speed and direction, depth, and water temperature.

Currents measurements from the three sites are plotted in Figure 23.   AWAC currents ranged from near zero to about 0.4 m/s.  Currents in the channel (ADCP) were typically between 0.1 and 0.25 m/s, and on the reef the Aquadopp currents were 0.05 to 0.15 m/s.  When Aquadopp currents dropped below about 0.04 m/s the current direction was poorly resolved (Figure 23, subplot 2 green trace) with large direction variations during slack current.   Tidal variation of speed were observed at the AWAC and Aquadopp locations.  Little tidal variation in speed or direction were measured in the channel.  
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Figure 23.  AWAC, ADCP, and Aquadopp current speed and direction.

Drogue Track Processing:
Current speed and direction were computed from the 5-second internally recorded coordinates.  These coordinates were recorded to 3 significant decimal places in lat/lon minutes, or about 2m which is near the WAAS accuracy.  To reduce errors and clean up the data these coordinates were smoothed with a 2.5-minute phase preserving band-averaging filter.  The 5s data was subsampled at 30s intervals and a 5-point band-averaging filter was applied.  Several variations of subsampling and filter length were tested and the values used gave the most satisfactory results.  
Another technique was tested used polynomial fits to the track points.  The later technique provided smoother results in some cases, but was not appropriate for all cases, such as a drogue circuitious route through current channels in the reef.   An example of the two methods is shown in Figure 24.  In this example the polynomial fit looks better but it was decided that a polynomial filter (or other filter) could later be applied the band-averaged results if desired.  The band-averaged method was used on all drogue tracks after removing obvious bad data points.  Speed and direction values were computed between each filtered data point, with time and position averaged between adjacent points.  This resulted in estimated values every 30-s, unless there was a data gap, of which there were few.  Drogue tracks for the five deployment days are shown in Figures 25-29.
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Figure 24.  Comparison of polynomial and band-averaged filtering of drogue track data (not in Hawaii).
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Figure 25.  Drifter tracks for 24 Aug 2007 (UTC).  Colored dots indicates start positions.
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Figure 26.  Drifter tracks for 24-25 Aug 2007 (UTC).  Colored dots indicates start positions.
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Figure 27.  Drifter tracks for 27-28 Aug 2007 (UTC).  Colored dots indicates start positions.
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Figure 28.  Drifter tracks for 28-29 Aug 2007 (UTC).  Colored dots indicates start positions.
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Figure 29.  Drifter tracks for 30 Aug 2007 (UTC). Colored dots indicates start positions.
Deliverables
Plots of current drifter speed and direction are in Appendix A.  Description of the DVD data files, plots (“.png” or “.jpg” files ), and folder descriptions are in Appendix B.   The digital DVD data include:

1. Statistics files for the processed waves, currents, and water levels (not surveyed to a datum).

2. Current drifter tracks in tabular form and plots.  
3. Raw binary instrument files.
4. ASCII files of parameters extracted from the raw binary files using vendor and FRF programs.  Useful for someone interested in additional analysis.   Examples are current profiles and directional wave spectra,.  
5
Summary and ConclusionsThe largest currents were observed at the AWAC location offshore of the reef (cf., Figure 23).  AWAC currents ranged from near zero to about 0.4 m/s.  Currents in the channel (ADCP) were typically between 0.1 and 0.25 m/s, and on the reef the Aquadopp currents were 0.05 to 0.15 m/s.  When Aquadopp currents dropped below about 0.04 m/s the current direction was poorly resolved with large direction variations during slack current.  This would likely be to turbulent fluctuations of wave induced flow around through the reef channels.  

Tidal variations of speed was most pronounced at the AWAC location, seaward of the reef.  Short duration current reversals were observed with the AWAC and Aquadopp data, typically when speed dropped below 0.05 m/s.  For current speeds above 0.05 m/s the Aquadopp current direction averaged about 180 degrees and 173 degrees for the AWAC.  

Incident wave direction at the AWAC averaged 214 degrees for mean direction and 220 for the peak direction, with a range between 207  and 223 degrees for mean directions and between 209 and 234 degrees for peak direction.  This was a small variability in direction.  Mean wave period ranged between 5 and 8 seconds, whereas peak period was about 13-14 seconds between 23 and 26 August and 20 seconds on 27 August dropping to 16 seconds by the 29 August.  A long period swell was observed in the spectra early on 26 August and became the dominant energy peak late on that day.  
The AWAC appears to have preformed well at picking the direction of these long period waves, despite the shallow deployment (~ 5m).  At the 5m depth a 20s wave has a wavelength about 140m, and the lag spacing on an AWAC with 25 degree beam angle is less than 4m.  This would be expected to poorly resolve the direction, as was seen in the large direction spread of the frequency-direction spectra near  the 20s period (0.05 Hz).  These plots are available on the data disk.  If more precise directional measurement are desired for long period swell (O(20s)) then a deeper deployment would be recommended.
Appendix A:  Current Drifter Measurement Plots
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Figure A1.  Current drifter #3 speed and direction at 0145 UTC, 24 Aug 2007
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Figure A2.  Current drifter #7 speed and direction at 0207 UTC, 24 Aug 2007
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Figure A3.  Current drifter #7 speed and direction at 0247 UTC, 24 Aug 2007
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Figure A4.  Current drifter #3 speed and direction at 1942 UTC, 24 Aug 2007
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Figure A5.  Current drifter #3 speed and direction at 2110 UTC, 24 Aug 2007
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Figure A6.  Current drifter #7 speed and direction at 2110 UTC, 24 Aug 2007
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Figure A7.  Current drifter #7 speed and direction at 2137 UTC, 24 Aug 2007
[image: image38.png]Speed (m/s)

Dir (deg TN)

0.16

Drifter, Start: 21 15.848 N 157 49.372 W, ID=3

012

0.06

21:50

400

21:55

22:00

22:05
Time (UTC), 24 Aug 07

22:10

22:15

22:20

@

=3

3
T

~

S

3
T

100 -

21:55

22:00

22:05
Time (UTC), 24 Aug 07

22:10

22:15

22:20




Figure A8.  Current drifter #3 speed and direction at 2154 UTC, 24 Aug 2007
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Figure A9.  Current drifter #3 speed and direction at 0039 UTC, 25 Aug 2007
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Figure A10.  Current drifter #7 speed and direction at 0100 UTC, 25 Aug 2007
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Figure A11.  Current drifter #6 speed and direction at 1945 UTC, 27 Aug 2007
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Figure A12.  Current drifter #6 speed and direction at 2046 UTC, 27 Aug 2007
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Figure A13.  Current drifter #6 speed and direction at 2055 UTC, 27 Aug 2007
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Figure A14.  Current drifter #3 speed and direction at 0051 UTC, 28 Aug 2007
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Figure A15.  Current drifter #9 speed and direction at 0244 UTC, 28 Aug 2007
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Figure A16.  Current drifter #7 speed and direction at 0302 UTC, 28 Aug 2007
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Figure A17.  Current drifter #3 speed and direction at 1932 UTC, 28 Aug 2007
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Figure A18.  Current drifter #3 speed and direction at 2012 UTC, 28 Aug 2007
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Figure A19.  Current drifter #3 speed and direction at 2101 UTC, 28 Aug 2007
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Figure A20.  Current drifter #3 speed and direction at 0136 UTC, 29 Aug 2007
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Figure A21.  Current drifter #6 speed and direction at 0136 UTC, 29 Aug 2007
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Figure A22.  Current drifter #7 speed and direction at 0136 UTC, 29 Aug 2007
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Figure A23.  Current drifter #3 speed and direction at 0044 UTC, 30 Aug 2007
[image: image54.png]Speed (m/s)

Dir (deg TN)

0.2

Drifter, Start:

:2115.865 N 157 49.383 W, ID=6

0.15 -

0.05

350

01:25

01:30

01:35 01:40
Time (UTC), 30 Aug 07

01:45

01:50

01:55

@

=3

3
T

™

o

3
T

~

S

3
T

150

01:20

01:25

01:30

01:35 01:40
Time (UTC), 30 Aug 07

01:45

01:50

01:55




Figure A24.  Current drifter #6 speed and direction at 0123 UTC, 30 Aug 2007
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Figure A25.  Current drifter #7 speed and direction at 0123 UTC, 30 Aug 2007
Appendix B:  Data DVD Contents 
Directory Structure:
Data are divided into four main directories: Photos, Plots, Stats, and Data.  Image files (*.png) are separated into subdirectories in the Plots directory.  Summary statistics files are in columnar ASCII format in the Stats directory.  The Photos directory contains photos taken in the Natatorium vicinity during the field work.  The Data directory is intended for users planning on performing additional data analysis.   
Photos

Plots

|-- adcp

|   `-- spectra

|-- adopp

|-- awac

|   `-- spectra

`-- drifter

Stats

Data

|-- adcp

|-- adopp

|-- awac

|-- drifter

`-- raw

    |-- adcp

    |-- adopp

    |-- awac

    `-- drifter

Directory Structure with a Listing of Files:

This list shows some file names in each directory. 
Photos                       (160 miscellaneous jpg pictures) 
Plots

|-- NatAwacAdcpAdopCur.png

|-- NatAwacAdcpWave.png

|-- adcp
|   |-- HI070adc_ULcur3_2007_08_QC6.png

|   |-- HI070adc_ULcur_2007_08_QC6.png

|   |-- HI070adc_cur_2007_08_QC2.png

|   |-- HI070adc_cur_2007_08_pfl.png

|   |-- HI070adc_spc_2007_08_24_0400.QC1.png

|   |-- HI070adc_spc_2007_08_24_0400.png

|   |-- HI070adc_wmo_2007_08.png

|   |-- HI070adc_wmo_2007_08_QC5.png

|   `-- spectra                     (hourly ADCP spectra)
|       |-- HI070adc_spc_2007_08_24_0100.QC1.png

|       |-- HI070adc_spc_2007_08_24_0100.png

|       |-- HI070adc_spc_2007_08_24_0200.QC1.png

|       |-- HI070adc_spc_2007_08_24_0200.png




.




.    (272 files not shown in this list)



.

|       |-- HI070adc_spc_2007_08_29_1900.QC1.png

|       |-- HI070adc_spc_2007_08_29_1900.png

|       |-- HI070adc_spc_2007_08_29_2000.QC1.png

|       `-- HI070adc_spc_2007_08_29_2000.png

|-- adopp
|   `-- NatAdoppStat.png

|-- awac
|   |-- NatAWAC-Cprofile200708-0130UTC.png

|   |-- NatAwacCurFix.png

|   |-- NatAwacStat.png

|   `-- spectra                     (hourly AWAC spectra)
|       |-- NatAwacFD-20070823-0205.png

|       |-- NatAwacFD-20070823-0305.png




.




.    (158 files not shown in this list)



.

|       |-- NatAwacFD-20070829-1805.png

|       `-- NatAwacFD-20070829-1905.png

`-- drifter
    |-- NatDrift23Aug-2.png

    |-- NatDrift24Aug-2.png

    |-- NatDrift27Aug-2.png

    |-- NatDrift28Aug-2.png

    `-- NatDrift29Aug-2.png

Stats

|-- HI070adc_vacSD_2007_08.txt

|-- gpsFilt-Nat23Aug07.dat

|-- gpsFilt-Nat24Aug07.dat

|-- gpsFilt-Nat27Aug07.dat

|-- gpsFilt-Nat28Aug07.dat

|-- gpsFilt-Nat29Aug07.dat

|-- natAdop.200708.23-29.stats

|-- natAwac.200708.23-29.CurFix.stats

`-- natAwac.200708.23-29.stats

Data                   (Data files useful for re-analysis) 
|-- adcp
|   |-- HI070adc_ULcur2_2007_08.mat

|   |-- HI070adc_ULcur3_2007_08.mat

|   |-- HI070adc_ULcur_2007_08.mat

|   |-- HI070adc_cur_2007_08_pfl.mat

|   |-- HI070adc_hpr_2007_08.txt

|   |-- HI070adc_hpr_2007_08.txt~

|   |-- HI070adc_hpr_2007_08all.txt

|   `-- HI070adc_wmo_2007_08_UTC.txt

|-- adopp
|   |-- natAdopp--23Aug2007.a1

|   |-- natAdopp--23Aug2007.a2

|   |-- natAdopp--23Aug2007.a3

|   |-- natAdopp--23Aug2007.hdr

|   |-- natAdopp--23Aug2007.prf

|   |-- natAdopp--23Aug2007.sen

|   |-- natAdopp--23Aug2007.v1

|   |-- natAdopp--23Aug2007.v2

|   `-- natAdopp--23Aug2007.v3

|-- awac
|   |-- natAwac-23Aug2007.wap

|   |-- natAwac-23Aug2007.was

|   |-- natAwac-23Aug2007.wcf

|   |-- natAwac-23Aug2007.wdr

|   |-- natAwac-23Aug2007.wds

|   |-- natAwac-23Aug2007.whr

|   |-- natAwacCurBeam1-23Aug2007.txt

|   |-- natAwacCurBeam2-23Aug2007.txt

|   |-- natAwacCurBeam3-23Aug2007.txt

|   |-- natAwacCurDir-23Aug2007.txt

|   |-- natAwacCurSpeed-23Aug2007.txt

|   |-- natAwacHeading-23Aug2007.txt

|   `-- natAwacPressure-23Aug2007.txt

|-- drifter
`-- raw
    |-- adcp
    |   |-- HI070adc_20070823_20070830.meta

    |   |-- HI070adc_raw_20070823_20070830.000

    |   `-- HI070adc_wmo_2007_08_23.log

    |-- adopp
    |-- awac
    |   `-- natAwac-23Aug2007.wpr

    `-- drifter
        |-- gps.stats

        |-- gpsFilt-Nat23Aug07.dat

        |-- gpsFilt-Nat24Aug07.dat

        |-- gpsFilt-Nat27Aug07.dat

        |-- gpsFilt-Nat28Aug07.dat

        |-- gpsFilt-Nat29Aug07.dat

        |-- natGar_23Aug07-3.txt

        |-- natGar_23Aug07-7.txt

        |-- natGar_24Aug07-3.txt

        |-- natGar_24Aug07-7.txt

        |-- natGar_24Aug07-8.txt

        |-- natGar_27Aug07-3.txt

        |-- natGar_27Aug07-6.txt

        |-- natGar_27Aug07-7.txt

        |-- natGar_27Aug07-9.txt

        |-- natGar_28Aug07-3.txt

        |-- natGar_28Aug07-6.txt

        |-- natGar_28Aug07-7.txt

        |-- natGar_29Aug07-3.txt

        |-- natGar_29Aug07-6.txt

        |-- natGar_29Aug07-7.txt

        `-- natGar_29Aug07-9.txt
15 directories, 686 files

Statistics File Descriptions:

A brief description of the statistics file format and contents are described here.  Some of these files have a header line with an identification for each column.  Wave directions are defined as the direction coming from, in degrees clockwise from true north (deg-F-TN).  Current directions are the direction the current is heading in degrees clockwise from true north (deg-T-TN). 
File Listing:
Stats

|-- HI070adc_vacSD_2007_08.txt

|-- gpsFilt-Nat23Aug07.dat

|-- gpsFilt-Nat24Aug07.dat

|-- gpsFilt-Nat27Aug07.dat

|-- gpsFilt-Nat28Aug07.dat

|-- gpsFilt-Nat29Aug07.dat

|-- natAdop.200708.23-29.stats

|-- natAwac.200708.23-29.CurFix.stats

`-- natAwac.200708.23-29.stats

File Listing:
HI070adc_vacSD_2007_08.txt   (ADCP vertically averaged current)
   Header:
yymmdd     year-month-day

t_UTC
     time in UTC

epochGMT   epoch time (seconds since 1 Jan 1970, 0000 UTC)

Evave      east component of current, + heading towards, mm/s

Nvave      north component of current, + heading towards
(mm/s)
Spd        current speed (mm/s)
Dir
     current direction, (deg-T-TN)
Example:

 yymmdd t_UTC  epochGMT  Evave  Nvave  Spd   Dir

20070824 0049 1187934598   -73   -74   104   225

20070824 0059 1187935198   -67   -74   100   223

20070824 0109 1187935798   -64   -70    95   223

gpsFilt-Nat23Aug07.dat     (Current Drifter)

Processed current drifter data for 23 Aug 2007.  Each file has all drifters deployed during the day, with 5 deployment days.  

Column 1
year

Column 2
month

Column 3
day

Column 4
time (UTC)

Column 5
longitude minutes west of 157 deg W

Column 6
latitude minutes north of 21 deg N

Column 7
current speed (m/s)


Column 8
current direction (deg-T-TN)
Example:

2007  8 24 0145 42 3 49.354833 15.824633 0.049  156.79

2007  8 24 0146 12 3 49.354500 15.823833 0.057  160.06

2007  8 24 0146 42 3 49.354133 15.822933 0.062  157.99

2007  8 24 0147 12 3 49.353700 15.821933 0.071  157.58

Current drifter files for 24, 27, 28, and 29 August:

gpsFilt-Nat24Aug07.dat 
gpsFilt-Nat27Aug07.dat 
gpsFilt-Nat28Aug07.dat 
gpsFilt-Nat29Aug07.dat 
natAdop.200708.23-29.stats       (Aquadopp currents)
Header:


yr 
year

mo 
month

da 
day

hr 
hour

mm   
minute

CM    current speed (m/s)

CD
current direction (deg-T-TN)
Example:

yr mo da hr mm   CM    CD

2007 8 23 21 20 0.025  297

2007 8 23 21 30 0.021  308

2007 8 23 21 40 0.011  293

2007 8 23 21 50 0.027  349

natAwac.200708.23-29.CurFix.stats   (AWAC Currents processed without

 
beam #1.  All 10-minute current measurements are included.)
Header:


yr 
year

mo 
month

da 
day

hr 
hour

mm   
minute

Cmf   current speed (m/s)

Cdf
current direction (deg-T-TN)
Example:

yr mo da hr mm    Cmf  Cdf

2007 8 23  1  0   NaN  NaN

2007 8 23  1 10   NaN  NaN

2007 8 23  1 19   NaN  NaN

2007 8 23  1 30   NaN  NaN

2007 8 23  1 40 0.186  170

2007 8 23  1 50 0.229  185

2007 8 23  2  0 0.221  183

2007 8 23  2 10 0.221  183

2007 8 23  2 20 0.221  183

natAwac.200708.23-29.stats    (Hourly AWAC wave, current, and water

     level)
Header:


yr 
year

mo 
month

da 
day

hr 
hour

mm   
minute

Hs
significant wave height (m)

Tp
peak wave period (s)

Tm
mean wave period (s)

Dp
peak wave direction (deg-F-TN)
Dm
mead wave direction (deg-F-TN)

Cmf   current speed (m/s)

Cdf
current direction (deg-T-TN)
Example:

yr mo da hr mm   Hs   Tp   Tm   Dp   Dm  Depth   Cm    Cd

2007 8 23  2  5 0.73 12.7  6.4  213  211 5.120 0.221  183

2007 8 23  3  5 0.68 16.1  6.4  220  207 5.030 0.262  185

2007 8 23  4  5 0.70 13.8  7.1  215  211 4.950 0.205  186

2007 8 23  5  5 0.69 13.6  7.2  215  209 4.910 0.116  193
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Figure � SEQ Figure \* ARABIC �9�a,b.  ADCP in mounting frame.
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