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1. INTRODUCTION

The OPT Acoustic Doppler Current Profiler (ADCP) collected data off of Kaneohe Marine Corps Base in
31 meter water depth at Lat 21 27’ 56.33”N, Lon 157 45’ 2.34”W. The location of the ADCP is shown in
Figure 1 below. The ADCP measurements start June 20", 2010 and end May 26™, 2011. Waves and
currents were measured using a Teledyne RD Instruments acoustic Doppler current profilers ADCP’s
equipped with wave measurement capabilities. The ADCP’s radiate four acoustic beam patterns and
measure the resulting back-scatter from small particles in the water. The discrete frequencies of the
acoustic signals are shifted higher or lower in accordance with the Doppler effect when the reflecting
particles have a velocity relative to the ADCP beam. Water motion due to currents and waves is
calculated by the relative values measured by the four acoustic beams. The entire water column is
measured in discrete 0.75m intervals. There were numerous measurement gaps during the deployment
period, resulting in a total of approximately 5 months of recorded data. Currents were measured from a
depth of 2.1m to 27.6m. This depth range allowed accurate measurement without side lobe contamination
that can result from using a 20 degree beam angle. OPT stated that when changing the battery on the
ADCP, the internal compass was not always recalibrated. According to RDI the difference in voltage in
batteries results in a 10-15% error in direction if the ADCP was not recalibrated, however this error would
not be compounded for consecutive battery changes. Any error in direction did not affect current
magnitudes, wave heights or wave periods.

Kapapa Island

Mokumanu
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Mokumanu Islands
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Sea Engineering, Inc. 1



UH Wave Energy Test Site Survey .@ E]
L

2. CURRENT DATA

The current and wave data is provided in an excel csv file containing the wave and current data collected
every twenty minutes from the ADCP. The data consists of time in a serial date number format, year,
month, day, hour, minute, and second, Significant wave height (Hs), peak period (Tp), mean period
(Tmean), peak direction (Dp), mean direction (Dmean), current speed, current direction, northing current
velocity, and easting current velocity as labeled by column headers. Above each column of current data
is the corresponding depth from which the measurement was taken.

Figure 2 below shows three different current speed and direction profiles recorded on June 22 and 23,
2012. The profiles show the variability of current speed and directions at different times and depths in the
water column. The convention for current direction is the direction to which the current is travelling.

To better describe the characteristics of the current, three sections of the water column were selected: a
surface current shown by the blue band in Figure 2(-2.1300m to -3.6300m), a mid water column current
shown by the black band in Figure 2 (-8.1300m to -16.3800m), and a bottom current shown by the red
band in Figure 2(-23.8800 to -26.8800). Each section consists of multiple bins that were average together
to eliminate noise. The three sections were chosen to capture distinct flow components that exist at
different depths.

Figures 3-5 present scatter plots of current speed, direction and velocity components during the
measurement period for surface, mid and bottom depths.
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Figure 2 Current Speed and Direction Profiles. Circles mark the recorded values.

Sea Engineering, Inc. 2




UH Wave Energy Test Site Survey

Surdaca Gurent Speed Time Saries

05
045
04

]
=3 ]

|
o
]

o
(5] poadg

DAR—

dun

ey

¥

A

Fal

005 —

Surace Uurment Lirection | ime Sanes

350

300

260 —

{saaufiap) uanaang

Jun

May

Mar

dan

Surface Easting Velocity Time Series

* i T S U TS

)

e LT

SHET WS ek

(3

< S & g
ts/u] Gy Sugse

0.4

-0.8

dun

May

r

p

Ma

Jlan

Dier

Mo

(93¢}

g

Wun

Surdscs Norhing Velocity Time Saries

o

o =
a 7

(5] fwojs , Fuueny

|
o
o

-0Es —

-0.35

ey

Jun

Apr

PMar

Fab

Jan

Cec

Mow

[l ]

Sep

Aug

b

dun

Figure 3 Current speed, current direction, northing component, and easting component for the surface current.
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Figure 4 Current speed, current direction, northing component, and easting component for the surface current.
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Figure 5 Current speed, current direction, northing component, and easting component for the surface current.
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Figure 6, 7, and 8 below show the current roses and histograms calculated from each corresponding time
series. Tables 1, 2 and 3 contain the percent occurrence binned by direction and current speed illustrated
by the corresponding rose and current statistics binned by direction.

OPT: Surface Current
" NORTH"

30% -

20% "

East Current Speed (m/s)
=02
Mo175-02
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Figure 6 Surface current rose.

Table 1 Surface current direction (degrees from north)

Current Speed (m/s) 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Total %

0.000-0.025 00 00 00 01 01 02 02 03 02 03 03 03 02 02 02 02 03 02 03 02 01 01 01 00 4.0
0.025-0.050 00 02 04 06 05 08 09 10 10 08 07 04 05 06 07 09 11 11 12 11 09 05 04 01 16.5
0.050-0.075 00 01 01 03 06 07 10 08 08 05 03 03 03 04 04 07 13 18 20 16 09 03 02 01 15.3
0.075-0.100 00 00 00 01 03 08 08 05 03 01 02 04 03 05 04 06 11 20 25 14 05 00 00 00 13.1
0.100-0.125 00 00 00O 00 01 03 06 05 02 02 03 03 05 05 05 05 11 24 30 11 02 00 00 00 12.3
0.125-0.150 00 00 00 00 00 02 04 04 02 02 02 03 05 05 07 08 14 25 24 05 02 00 00 00 114
0.150-0.175 00 00 00 00 OO 01 02 03 01 01 01 01 02 02 04 07 12 26 18 03 01 00 00 00 8.4
0.175-0.200 00 00 00 00 00O 0O 01 02 01 00 00 00 00O 01 03 04 12 19 10 02 01 00 00 00 5.5
0.200-0.225 00 00 00O 00 0O 0O 01 01 00 00 00O 00 00O 01 01 05 10 17 08 01 00 00 00 00 4.4
0.225-0.250 00 00 00 00 OO 0O 00 01 00 00 00O 00 00O 00 OO0 02 08 11 05 00 00 00 00 00 2.8
0.250-0.300 00 00 00O 00 00O 0O 00 01 00 00 00O 00 00 00 00 02 12 17 04 00 00 00 00 00 3.7
0.300-0.400 00 00 00 00 OO 0O 00 01 00 00 00O 00 00O 00 OO 01 08 10 02 00 00 00 00 00 2.3
0.400-0.500 00 00 00O 00 00O 0O 00 00 00 00 0O 00 00O 00 OO 00 01 0O 00 00 00 00 00 00 0.2
0.500-1.000 00 00 00 00 00O 0O 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0
Total % 00 03 06 11 15 31 44 43 29 23 21 22 26 31 38 58 126 200 161 65 29 10 06 0.2 100.0

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Overall

Mean 0.05 0.05 0.04 0.05 0.06 0.08 0.09 0.10 0.07 0.06 0.07 0.08 0.09 0.09 0.11 0.12 0.16 0.16 0.12 0.08 0.07 0.05 0.04 0.04 0.12
StDev 0.00 0.01 0.01 0.02 0.03 0.04 0.05 0.07 0.05 0.04 0.05 0.05 0.05 0.05 0.06 0.07 0.09 0.08 0.06 0.04 0.04 0.03 0.02 0.01 0.07
Min 0.05 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01 0.01
Max 0.06 0.08 0.08 0.10 0.16 0.21 0.36 0.37 0.26 0.18 0.19 0.23 0.23 0.24 0.39 0.45 045 043 0.37 0.22 0.21 0.23 0.09 0.06 0.45

Sea Engineering, Inc. 6
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OPT: Mid Water Column Current
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Figure 7 Mid water column current rose.

Table 2 Mid water column current rose (degrees from north)

Current Speed (m/s) 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Total %

0.000-0.025 00 00 00 00 02 02 04 06 06 06 08 07 06 07 07 06 07 07 03 02 01 00 00 00 8.9
0.025-0.050 00 00 00 03 06 16 24 31 21 18 15 13 15 16 16 17 23 26 27 1% 10 03 01 00 319
0.050-0.075 00 00 00 02 03 11 27 2% 15 07 04 03 02 03 04 07 12 26 32 22 09 01 01 00 220
0.075-0.100 00 00 00 00 01 06 18 23 06 03 01 00 00O 0O 00 01 07 1% 34 18 05 00 00 00 143
0.100-0.125 00 00 00 00 00 02 13 14 04 00 00 00 00O 0O 00 01 03 17 32 15 01 00 00 00 10.2
0.125-0.150 00 00 00 00 00 01 07 0% 02 00 0O 00 OO OO 00 OO 01 0% 21 05 00 00 00 00 5.5
0.150-0.175 00 00 00 00 00 00 O5 05 00 00 00 00 0O OO 00 OO 01 07 13 02 00 00 00 00 33
0.175-0.200 00 00 00 00 00 00 04 01 00 00 00 00 00 00 00 0O 00 05 07 01 00 00 00 00 id
0.200-0.225 00 00 00 00 00 00 02z 01 00 00 00 00 00 00 00 0O 00 01 04 00 00 00 00 00 0.9
0.225-0.250 00 00 00 00 00 00O 01 01 0O 00 OO 00 OO OO 00 OO 00O 01 01 00 00 00 00 0O 0.4
0.250-0.300 00 00 00 00 00 00O 01 01 00O 00 0O 00 OO OO 00 OO 00O 00 01 00 00 00 00 00 0.4
0.300-0.400 00 00 00 00 00 00 OO 01 0O 00 OO 00 OO OO 00 OO 00O 00 0O 00 00 00 00 0O 0.2
0.400-0.500 00 00 00 00 00 00O OO 00O 0O 00 OO 00 OO OO 00O OO 00 00 00O 00 00 00 00 0O 0.0
0.500-1.000 00 00 00 00 00 00 00O 00 00 00 00O 00 00 00 00 00 00 00 00 00 0.0 00 00 00 0.0
Total % 00 00 01 04 11 38 107 122 54 35 27 23 24 26 28 33 54 117 17.7 83 26 06 02 00 99.9

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Overall

Mean 0.00 0.06 0.05 0.05 0.04 0.06 0.09 0.08 0.06 0.04 0.04 0.03 0.03 0.03 0.04 0.04 0.06 0.09 0.10 0.08 0.06 0.05 0.05 0.05 0.07
StDev 0.00 0.00 0.01 0.01 0.02 0.03 0.05 0.05 0.03 0.02 0.02 0.01 0.01 0.01 0.02 0.02 0.03 0.05 0.05 0.04 0.02 0.02 0.02 0.02 0.05
Min 0.00 0.05 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.03 0.01
Max 0.00 0.06 0.07 0.09 0.12 0.20 0.35 0.38 0.22 0.19 0.15 0.08 0.10 0.10 0.12 0.13 0.22 0.32 0.32 0.32 0.15 0.15 0.09 0.06 0.38

Sea Engineering, Inc. 7
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OPT: Bottom Current
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Figure 8 Bottom current rose

Table 3 Bottom current direction (degrees from north)

Current Speed (m/s) 0 15 30 45 60 75 90 105 120 135 150 165 180 185 210 225 240 255 270 285 300 315 330 345 Total %

0.000-0.025 00 00 01 03 03 05 07 07 08 08 10 08 09 0% 06 07 06 06 06 05 03 03 01 00 118
0.025-0.050 00 01 04 09 16 20 24 27 24 24 22 1% 17 14 14 16 16 18 16 18 16 12 06 02 357
0.050-0.075 00 01 05 06 12 18 21 24 20 16 14 10 07 06 06 06 08 13 19 17 16 13 07 02 26.8
0.075-0.100 00 00 01 02 04 08 15 13 0% 09 07 04 03 02 02 01 04 07 17 1.7 10 06 04 01 146
0.100-0.125 00 00 00 00 01 07 07 05 04 04 03 02 00 00 01 01 01 04 11 1.0 03 02 03 00 6.8
0.125-0.150 00 00 00 00 00 02 03 04 01 01 01 00 00 00 00 00 00 02 05 03 01 01 01 0.0 2.7
0.150-0.175 0.0 00 00O 00 00 01 02 01 00 01 00 00 00 00 00 00 00O 01 02 01 00 00 00 0.0 0.8
0.175-0.200 0.0 00 00 00 00 00O 00 00 00 00 00 00 00 00 00 00 00 00 01 01 00 00 00 0.0 0.3
0.200-0.225 0.0 00 00 00 00 0O 01 01 00 00 00 00 00 00 00 00 00O 00 00O 00 00 00 00 0.0 0.2
0.225-0.250 0.0 00 00 00 00 00O 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 0.0 0.1
0.250-0.300 0.0 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 00 0.1
0.300-0.400 0.0 00 00 00 00 00O 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 0.0 0.0
0.400-0.500 0.0 00 00 00 00 0O 00 00 00 00 00 00 00 00 00 00 00 00 00O 00 00 00 00 00 0.0
0.500-1.000 0.0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 0.0
Total % 00 02 12 21 37 60 81 82 67 63 56 44 36 32 29 30 35 50 78 73 50 36 22 05 100.0

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Overall

Mean 0.00 0.05 0.05 0.05 0.05 0.06 0.07 0.06 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.05 0.06 0.08 0.07 0.06 0.06 0.07 0.06 0.06
StDev 0.00 0.02 0.02 0.02 0.02 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.03 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.03
Min 0.00 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.01
Max 0.00 0.08 0.10 0.11 014 0.22 0.25 0.29 0.27 0.20 0.17 0.16 0.14 0.15 0.13 0.14 0.16 0.21 0.24 0.21 0.16 0.15 0.14 0.14 0.29

Sea Engineering, Inc. 8
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3. WAVE DATA

Wave data was recorded as significant wave height (Hs), peak period (Tp), and peak direction (Dp). Mean
period and mean direction were recorded but not used. Significant wave height is defined as Hs = 4*sqrt
(area under the power spectrum). Peak period is defined as the wave period associated with the largest
peak in the power spectrum. Peak Direction is defined as the peak direction at the peak period. Wave
direction is defined as the direction from which the waves approach. The data was filtered such that wave
heights less than Om and greater than 10m were discarded and wave periods less than 0s were discarded
as bad data. Figure 9 below show the time series for Hs, Tp, and Dp.
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Figure 9 Time series of significant wave heights (hs), peak period (Tp), and peak direction (Dp).
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Figure 10 and Figure 11 below show the wave and period roses and histograms calculated from each

corresponding time series. Tables 4-5 contain the percent occurrence binned by direction and wave

Hs/Tp respectively illustrated by the corresponding rose and wave statistics binned by direction.

OPT: Wave Height

NORTH .

EAST
Hs (m)
MW25-3
E2-25
[C]15-2
E1-15
) o5-1
SOUTH ) . 0.1-05
Figure 10 Significant wave height rose.
Table 4 Wave direction (degrees from north)
Hs (m) 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Total %
<0.5 00 00 OO 01 0O OO 0O 0O OO 0O 0O OO OO OO 0O OO 00O 00 OO 0O 0O 00 00 00 0.2
0.5-1.0 03 08 32 55 33 10 04 03 02 02 03 02 01 02 02 01 02 01 02 02 01 01 06 06 18.6
1.0-15 16 44 112 179 67 22 25 06 05 03 06 03 02 03 03 04 05 02 04 08 02 05 23 46 58.2
1.5-2.0 04 15 31 46 17 06 24 02 00 01 02 01 01 01 01 02 01 00 01 03 01 02 08 33 20.2
2.02.5 01 00 04 05 03 00 00 00 00O 00O 00O 0O 0O 00O 00O 00 00O 00 00 01 00 00 00 02 1.7
2.53.0 00 00 OO OO 0O OO 0O 0O OO 0O 0O OO OO OO 0O OO 0O 00 OO 0O 00 00 00 00 0.0
3.03.5 0.0 00 00 0O 00O 00O 0O 00 00O 0O 00O 00 0O 0O 0O 00 00O 00 00 0O 00 00 00 00 0.0
3.5-4.0 00 00 OO OO 0O OO 0O 0O OO 0O 0O OO OO OO 0O OO 0O 00 OO 0O 00 00 00 00 0.0
4.0-4.5 0.0 00 00 0O 00O 00O 0O 00 00O 0O 00O 00 0O 0O 0O 00 00O 00 00 0O 00 00 00 00 0.0
4.55.0 00 00 OO OO 0O OO 0O 0O OO 0O 0O OO OO OO 0O OO 0O 00 OO 0O 00 00 00 00 0.0
5.0-7.5 00 00 00 00O 00O 00 00 00 0O 00 00O 00 0O 0O OO 0O 0O 00O 00 0O 00 00 00 00 0.0
7.5-10 00 00 00 0O 00 00O 0O 00 00O 0O 00O 00 0O 0O 00O 00 00O 00 00 0O 00 00 00 00 0.0
Total % 23 67 180 286 115 38 54 11 08 06 11 06 04 05 06 07 08 03 07 14 04 08 37 87 100.0
o] 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 Overall
Mean 13 13 13 12 12 12 14 12 11 12 12 11 12 1.1 11 13 1.2 12 1.2 13 1.3 13 13 1.4 1.3
StDev 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 03 04 03 03 03 0.3
Min 06 05 04 04 04 05 05 05 06 05 06 05 07 06 07 05 05 07 06 06 05 07 04 07 0.4
Max 25 27 24 24 24 22 27 20 21 19 19 17 19 1.7 18 20 20 22 17 26 27 20 21 23 2.7
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'NORTH .
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Figure 11Peak period rose.
Table 5 Wave direction (degrees from north)
Tps) 0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345  Total%
46 01 1.0 29 50 29 11 02 01 01 01 02 02 01 01 02 01 01 01 01 01 00 01 01 00 15.2
6-8 06 32 86 169 70 22 17 05 04 02 04 03 01 01 03 02 02 01 01 03 01 02 02 02 44.0
8-10 09 21 59 64 18 04 33 03 02 01 04 01 01 01 01 03 03 01 03 06 02 02 07 18 26.8
10-12 04 04 05 03 02 01 02 01 01 01 00 00 01 02 01 01 01 01 01 04 01 01 17 37 92
12-14 01 01 01 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 01 00 01 08 21 36
14-16 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 01 07 09
16-18 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 01 02 03
18-20 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0
20+ 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0
Total% 23 6.7 180 286 119 38 54 11 08 06 11 06 04 05 06 07 08 03 07 14 04 08 37 87 1000
0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345  Overall
Mean 91 77 75 71 68 67 85 79 78 79 77 70 83 84 73 83 84 80 86 9.2 89 92 108 113 7.9
StDev 24 16 14 12 13 14 14 19 18 22 17 17 25 23 21 18 20 23 20 19 21 24 21 20 21
Min 47 44 43 24 41 40 47 46 55 48 44 46 52 45 45 44 44 46 44 55 47 47 50 56 24
Max 169 141 164 145 141 136 141 141 141 141 136 11.6 141 119 141 125 130 116 135 141 139 161 169 169 169
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