             DRAFT 14 Aug 2007
Hilo Wave and Current Study – Mar-Jun 2007 
This document contains notes on the collection and analysis of the Hilo Kohio Bay, Hawaii Wave and Current Study in the Spring of 2007.
Contents:


Instrument descriptions and deployment information.

Data analysis – programs, data formats, directory descriptions, data considerations 
Instrument Description 

Wave and current data were collected with three RD Instruments Workhorse, 1.2 MHz, ADCPs (Acoustic Doppler Current Profilers).  Instrument locations are shown in figure 1 and listed in Table 1.   Gauges recorded in UTC time.
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Figure 1.  Hilo Harbor ADCP locations shown as green dots.
Table 1.  ADCP instrument identifications and locations.
	
	
	
	
	
	Deploy Times
	Nominal
	Wave (W)

	Type
	ID
	Lat (deg min)
	Lon (deg min)
	SN
	(2007)
	Depth (m)
	Current (C)

	ADCP
	adcp_1
	19 44.3433
	155 4.3783
	1885
	21 Mar – 5 Jun
	6
	W/C

	ADCP
	adcp_2
	19 44.9000
	155 4.1350
	7057
	21 Mar – 5 Jun
	6
	C

	ADCP
	adcp_3
	19 44.3400
	155.3.8317
	2993
	21 Mar - 5 Jun
	6
	C


ADCP Gauges:
The ADCP gauges were RD Instruments 1200 kHz Workhorse, bottom mounted facing upward with the sensor head approximately 0.45 m off the bottom.  Figure 2 shows the custom built mount that was held to the bottom with about 95 lbs of lead weight.  These gauges have 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.  Unit #1 sampled at 2 Hz for directional wave measurements.  Each hourly wave burst was approximately 34 minute long, starting at the top of each hour, and consisted of 4096 points.   There is a 0.44 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 200 point average.

 Deployments were on 21 Mar 2007 and retrieved on 5 Jun 2007.  All three ADCPs were believed to have ‘Waves’ firmware installed prior to deployment but two were found on site to be only capable of current measurements.  ADCP #1, closest to the entrance was selected for wave and current collection, the other two only collected currents.  Visual observations of waves at ADCP sites #2 and #3, and analysis of data collected at #1, indicate that typical wave heights at sites #2 and #3 were too low (often < 0.4m) for reliable directional wave estimates to be made with these instruments.  ADCP #3 operated only 20 days before the batteries were depleted on 7 April.  That unit may have been damaged during shipping.  
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Figure 2.  ADCP in frame (left) and close up of transducer head with biofouling (right).

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, vertical risers, rubber unions, hose clamps), a Garmin Geko GPS receivers, and MaxStream (model XStream-PKG-R) radio modems (Figure 4).  The sails were approximately one meter in cross-section.  The lower vertical PCV pipe (submerged) contained the modem and batteries, the upper horizontal pipe contained the GPS receiver, radio antenna, and LED light.  A NEMA GPS data string was transmitted by the GPS to a custom circuit that added a buoy identifier the NEMA string and retransmitted to the FR modem every 20 seconds.    Each buoy radio transmission was separated in time by 2s so radio collisions were avoided.  Each Garmin GCP unit internally recorded positions every 5 seconds.  These GPS units were WAAS enabled and have a horizontal accuracy of about ~2 m.  Radio reception required line of sight, which was not always available, and transmission were often missed.  The realtime transmitted signals were only used to buoy retrieval, the internally recorded data was used for analysis.  
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Figure 4a.  GPS surface current drogue. 
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Figure 4b.  GPS sub-surface current drogue – transmiter floating on surface, sails are sub-surface. 

Drogue Track Processing:
Current speed and direction were computed from the 30-second internally recorded coordinates.  These coordinates are 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 5-minute phase preserving band-averaging filter.  Another technique sometimes used for filtering the data is to polynomial fit the points, which provides a smoother estimate but for these tracks the band-averaging method worked best.  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 50-s, unless there was a data gap, of which there were few. 

Drogue tracks for the 21-22 Mar deployment are shown in Figure 5.  Some drogues were deployed in the vicinity ADCPs #1 and #2 for inter-comparison with gauge data.  Drogue tracks the three other deployments (22-23 Mar, 5-6 Jun, and 6-7 Jun) are shown in Figures 6-8.   
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Figure 5.  Drogue tracks and tides for 21-22 Mar 2007.
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Figure 6.  Drogue tracks and tides for 22-23 Mar 2007.
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Figure 7.  Drogue tracks and tides for 5-6 Jun 2007.
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Figure 8.  Drogue tracks and tides for 6-7 Jun 2007.
ADCP Analysis:
ADCP:

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 WavesMon program outputs ASCII files for each spectra (4 per hourly collection) which are reprocessed using the FRF ADCP analysis programs that combines the three non-directional spectra into a single files and reformats the directional spectra files.  The FRF programs also extracts the current profile data, computes various parameters like vertically integrated currents and QC information on the wave analysis.  A description of the data follows in the Data Format section below.

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 shifted 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.

Figures 9a-d  are monthly wave roses for ADCP #1.  Measurements for each month are fairly consistent with wave out for the NE with height never exceeding 1m (cf., Figure 10). 
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Figure 9a,b.  Wave rose for ADCP #1 - Mar and Apr 2007
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Figure 9c,d.  Wave rose for ADCP #1 – Apr and May 2007
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Figure 10.  Wave height, period, and depth statistics, Mar-Jun 2007.

Current analysis for the ADCP#1 indicated the surface flow is predominately westward, out of the harbor (e.g., Figure 11).   Additional observations will be added to this report in the next revision.   Current data from ADCP#3 are pending do to corrupted binary files most likely from instrument damage.  Preliminary examination of the data files indicates that data is recoverable and will be provided by 25 Aug 07.

[image: image15.png]Speed (cm/s, + to east)

Speed (cm/s, + to north)

Upper 1.4m
5| Lower 1.4m
tide (no scale)
0 —
_5 —
10
T A S B e S e I S I S A R S B B

22 23 24 25 26 27 28 29 30 31
g1 Hilo ADCP THourly Averaged UpperiLower 1.4m bins for North(VSouth() Qurrent | |
Upper 1.4m

6 Lower 1.4m ||
4

P

04
_2 —
-4 |

Mar 2007




Figure 11.  Surface and sub-surface current from ADCP #1, Mar 2007.

To really understand Hilo Harbor circulation requires a better measure of the stratification and current shear, with additional in-situ currents and more extensive drogue deployments to support numerical models.  Non-point source freshwater input most likley has a significant role in harbor stratification, circulation, and flushing, which may be difficult to model without additional measurements.  
Hilo wave/current study Mar-Jun 2007 data disk information
Directory tree with descriptions of selected files.  Directories are bold and file names are italicized, and underlined files are probably the most useful ones for model verification (columnar ASCII or Matlab format statistics):

(DIR): rawBinary – Binary data files (unprocessed)  


HI040adc.20070322_20070608.meta     - Metadata for ADCP #1

HI040adc.raw.20070322-20070608.000  - RDI binary file for ADCP #1 

HI050adc.20070322_20070407.meta     - Metadata for ADCP #3

HI050adc.raw.20070322-20070608.000  - RDI binary file for ADCP #3 

HI060adc.20070322_20070608.meta     - Metadata for ADCP #2

HI060adc.raw.20070322-20070608.000  - RDI binary file for ADCP #2 
(DIR): drogue – GPS drogue (drifter) data, 21-23 Mar and 5-7 Jun.  Files 
listed here are for tracks on 21 Mar.  

gpsFilt-Hilo21Mar07.dat – Drogue data, columnar ASCII, with UTC
time and Latitude and longitude minutes (north from Lat 19

degrees N and Lon 155 degrees W).  These data were computed from

the original recorded data (5s interval), had wild points

removed, decimated and filtered.  The last two columns are drogue

speed (m/s) and direction going towards (degrees positive
clockwise from north). 


HiloDrifterAdcpTide-21Mar07.png – Plot of drogue track, speed, and

Direction.  ADCP positions and tides are plotted.  


drogueTrackNumbers10Aug05NA.png – Plot of drogue tracks with numbers

(DIR): drogue/spdDir – GPS drogue (drifter) speed and direction plots for 

individual tracks. 

(DIR): adcp1 – ADCP #1 data directory (examples)

HI040adc.sum.20050809_20050916.txt – Deployment summary


HI040adc_vac_2007_03.txt – Vertically averaged current (vac) for

 
   March.  Uave = positive going eastward (mm/s), Vave = positive


 
going north (mm/s).


HI040adc_vac_2007_04.txt – VAC for April

HI040adc-WQC-2007-04.stat – QC statistics for April – see 




README.AdcpFormat

readAdcpDSpec.m – Matlab code snippet to read directional wave spectra

             files (DSpec…).
(DIR): adcp1/Dspec – Wave directional spectra files (reformatted) from RDI

         WavesMon program.  One file for each hour.  See the Matlab code

 
   snippet readAdcpDSpec.m.  Units are m^2/Hz/Deg.

DSpec.HIAD1.200508092100.UTC.asc – Directional spectra for 9 August 


   2005 at 2100 UTC 

(DIR): adcp1/Fspec – Non-directional ADCP spectra, one file each hour 


VSPspec.Hiad4.200704281200.UTC.asc – Columnar ASCII spectra from ADCP


   Velocity, Surface, and Pressure (VSP).  Energy units are m^2/Hz/Deg,


   And frequency is in Hz.  This example is for 28 Apr at 1200 UTC.
(DIR): adcp1/Plots – Various plot files from wave and current processing for 


   March (03) 

HI040adc_cur_2007_03_pfl.png – Current profiles with vertically 


   averaged current


HI040adc_cur_2007_03_QC2.png – QC plot for current analysis


HI040adc_hpr_2007_03_QC4.png – QC plot heading, pressure, and roll


HI040adc_wmo_2007_03.png – Wave and current plot


HI040adc_ULcur_2007_03_QC6.png – Current plot or upper 1.4m vertical

   averaged current and 1.4m vertical averaged for the bottom bins.  

(DIR): adcp1/sPlots – Wave spectra plots, two each hour

HI040adc_spc_2007_03_23_2100.png – Directional spectral contour plot 


HI040adc_spc_2007_03_23_2100.QC1.png – Current profile with directional 


   spectral plot and statistics.  

(DIR): adcp1/Stats – wave and current statistics files (03=Mar, 04=Apr)

HI040adc_cur_2007_03_pfl.mat – Matlab format current profile data


Variables:


   Uave1 = vertically averaged east current (mm/s)


   Vave1 = vertically averaged north current (mm/s)


   Ux1 = east current profile (cm/s)


   Vx1= north current profile (cm/s)


   depth = nominal depth of center of each bin


   stime = Matlab time format


HI010adc_cur_2007_04_pfl.mat – Matlab current profile for April

HI010adc_hpr_2007_03.txt – Heave, pitch, roll data, columnar ASCII:



meanP=mean pressure (m), temp=water temperature (C), sal=salinity 



(psu), roll=instrument roll (deg), pitch=instrument pitch (deg), 



heading=instrument compass heading (deg from Mag north)


HI010adc_hpr_2007_04.txt – HPR data for September


HI010adc_wmo_2007_03_UTC.txt – Wave and current profiles, columnar 


   ASCII, one line per wave collection, space delimited.  


   Format follows:


Burst# YY MM DD HH mm ss cc Hs(m) Tp(s) Dp(deg) Depth(mm) Hmax(m) 


Tmean(s) bins depthlevel1Magnitude(m/s) depthlevel1Direction(deg)


… depthlevelNMagnitude(m/s) depthlevelNDirection(deg)


Symbols:

YY
Year


MM
Month


DD
Day


HH
Hour


mm
Minute


ss
Second


cc
1/100ths seconds


Hs
Significant Wave Height
= 4*sqrt(area under the power spectrum)


Tp
Peak period

= Wave period associated with the largest peak 
in the power spectrum


Dp
Peak Direction 

= peak direction at the peak period.
(DIR): adcp2 – directories for ADCP #2 (see file descriptions for ADCP #1)
(DIR): adcp2/Plots
(DIR): adcp2/Stats
(DIR): adcp3 – directories for ADCP #3 pending recovery of corrupted data files from damaged instrument - anticipated DOD 28 Aug 07
