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1. INTRODUCTION

The area north of the Mokapu Peninsula, adjacent to Kane‘ohe Marine Corps Base Hawai‘i
(MCBH), has been utilized by the U.S. Navy for wave energy research since 2002. Prototype
wave energy converters (WEC) are being tested at the 30m, 60m, and 80m berths offshore of
North Beach at the MCBH. The Hawai‘i National Marine Renewable Energy Center
(HNMREC) at the University of Hawai‘i under contract with Department of Energy and the U.S.
Navy, operates the test site.

Sea Engineering has been contracted by the HNMREC to conduct site investigations in support
of the test site. One of these investigations is to determine wave climate at the site and current
characteristics.

The project location within the state of Hawai‘i is shown in Figure 1-1. The test site is 1600m to
2000m wide and extends approximately 2600m offshore from the 30m depth contour to the
approximate 100m depth contour.

%’ Kaua'i Wave Energy Test Site (WETS)
P4 S
&
Ni‘hau
T Moloka'i
O’ahu A o

Figure 1-1 Project Location

In collaboration with HNMREC, Sea Engineering Inc. deployed a Teledyne RDI Sentinel V100
Acoustic Doppler Current Profiler (ADCP) in the Wave Energy Test Site (WETS) since
November 2014. Previous deployments were at the 30m site and near the Waverider buoy. In
December 2016, the ADCP was deployed at the 70m site. Figure 1-2 shows the deployment
location of the ADCP. Table 1-1 shows the ADCP deployment schedule and the coordinates of
the deployment. This report presents the data from the deployment of the ADCP from December
6, 2016 to April 14, 2017 at the 70m depth location between the 60m and 80m sites.
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Figure 1-2 WETS 70m Depth Deployment Location
Table 1-1 ADCP Deployment Schedule and Locations
Deployment . . .
pDayte Task Retrieval Date | Task Location Coordinates Depth
Previous
Near 21°28'39.1813" N
11/13/2014 | WETS 2/26/2015 4A . 78m
1 Funding 26/ Waverider | 157° 44' 56.3008" W

Near 21°28'39.1813" N

2/26/2015 | 4A 6/4/2015 48 | Waverider | 157° 44'56.3008" W | o™

21° 27'56.1738" N
48 4C | 30mSit 31
7/6/2015 10/14/2015 Mot | 157°45'5.0563"w |

21°27'55.9741" N
4 4D i 1
10/19/2015 C 1/13/2016 30mSite | 120 ot s 19807 W 31m

, 21°27'55.9801" N
1/14/2016 4D 8/3/2016 1H 30m Site 157° 45' 4.9739" W 31m

Between 21°28'30.8115" N

12/6/2016 |  4E 4/14/2017 4G | 60mand 20
ol 114/ somare | 157°45'27.6232" W m
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The Sentinel V100 ADCP uses a vertical acoustic beam to measure the distance to the water
surface. Sound waves reflect off the water surface and the time a reflection takes to return to the
ACDP is used to determine the distance to the surface. Accurate wave statistics can be
computed from the measured water surface elevation record. An ADCP relies on the Doppler
effect to determine the water currents through the water column. The direction of current can be
determined by using three or four acoustic beams. The acoustic reflection of a beam that is up
current from the ACDP will arrive before the reflection of down current acoustic reflection.
With the reflection return timing of multiple beams, the direction of waves and currents can be
calculated.
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2. TELEDYNE RDI SENTINEL V100 SETUP

The Sentinel V100 was programmed to measure both waves and currents. ReadyV software
from Teledyne RDI was used to program the Sentinel V100 ADCP. The software calculates the
available battery resources and data storage for desired measurement profiles. The custom wave
and current measurement profiles have the following settings:

Table 2-1 Profile Parameters

Waves Measurement Current Measurement
Profile Profile
Ping Interval (seconds) 0.5 1
Number of Pings 2300 300
Range (meters) 75 75
Cell Size (meters) 1.0 1.0
Duration(minutes) 19.166 5

The wave measurement occurs once per hour over a 19 minute and 10 seconds period. Current
measurements occur over a 5-minute period 30 minutes after the start of the wave measurements.
This setup was chosen to accommodate a deployment duration of approximately 90 days.
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3. SENTINEL V100 DATA

The recorded wave and current data for the deployment period required 10.6 GB of data storage;
the wave data comprised 6.93 GB. Teledyne RDI provides multiple software options to display
and process the data. The primary data viewing and processing software is Velocity.

The direction that the Sentinel V100 ADCP references is magnetic north. These readings were
converted to a true north reference using the magnetic declination values for the location of the
ADCP on Oahu. The magnetic declination for WETS is 9.55° East.

Initial processing indicated that data recorded between December 6, 2017 and February 2, 2017
was faulty. The ADCP motion sensor data for the January 10, 2017 to February 2, 2017 (Figure
3-1) reveal a roll angle of ~-50° and a pitch angle of 25°. This suggests that during the
deployment the ADCP landed on top of an object such as a rock that deflected the unit from a
vertical orientation, or that the tripod mount sunk into soft sediment and skewed the ADCP.
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Figure 3-1 Heading, Pitch, and Roll of ADCP
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3.1 Currents

Velocity software was used to average the current data into half-hour blocks. The waves profile
(19min 10sec of recording) is averaged to represent the current in the bottom half of the hour and
the currents profile (5min of recording) is averaged to represent the current in the top half of the
hour.

The water column was divided into three layers for analysis. Table 3-1, shows the bins and

associated water depths corresponding to the three layers. Near surface data is biased by side
lobe interference, and is not included.

Table 3-1 Water Column Layer Divisions

Bins Range from ADCP, Water Depth,
meters meters
Bottom
1-5 3.05-8.05 ~61.8—66.8
Layer
Middle 32-37 34.05 — 40.05 ~28.8-358
Layer
Upper 53-58 55.05 — 60.05 ~8.8-14.8
Layer

Figure 3-2 shows the time series current speed and direction for the three layers of water. Figure
3-3 shows the time series for current speed and direction for all the bins measured by the ADCP.
The water surface is plotted as a black line on top of the current data. The measurements above
the red line are biased due to side lobe interference. The gaps (white spaces) near the surface are
periods of time where the orientation of the ADCP was altered so the cone of recording did not
reach the surface. Figure 3-4, Figure 3-5, and Figure 3-6 are current rose plots for upper, middle,
and bottom layers, respectively. Table 3-2, Table 3-3, and Table 3-4 present the percent
occurrence of currents speed and direction.

Upper layer currents flow in a predominantly towards the southeast with an average speed of
0.11 m/s, and a maximum recorded speed of 0.60 m/s for the deployment (February 2, 2017 to
April 14, 2016). Mid-layer currents flow predominantly east southeasterly, occurring 24% of the
deployment duration. Bottom layer currents magnitudes are smaller and occur with greater
occurrence in all directions. The upper layer’s maximum current is almost double the middle
and bottom layer’s maximum current.
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Figure 3-2 Current Speed and Direction for Each Layer
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Figure 3-3 Current Speed and Direction for All Bins
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Current Rose (Upper Layer)
February 02, 2017 -- April 14, 2017

" NORTH -

15%

20%

“EAST  Current Speed (m/s)
- [l o-200-1.200
o 175- 0200
[N 0.150-0.175
[J0125-0150
[l o.100-0.125
[]oo75- 0100
[ 0.050 - 0.075
i 0025- 0050

SOUTH Il 0000 - 0.025
Figure 3-4 Current Rose for Upper Layer

Table 3-2 Upper Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s| 0° [22.5°| 45° |67.5°| 90° |112.5°| 135° [157.5°| 180° | 202.5°| 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.06 0.06 0.06 0.06 0.12 0.06 0.12 0.06 0.12 0.06 0.18 0.18 0.18 0.12 0.12| 1.56
0.025 -0.050| 0.42 0.12 0.48 0.42 0.54 0.66 0.96 0.78 0.60 0.78 0.60 0.78 0.54 0.24 0.48 0.18| 8.59
0.050 -0.075| 0.12 0.12 0.78 1.26 1.50 228 2.40 1.20 0.72 1.02 1.02 1.02 0.54 0.72 048 0.18| 15.38
0.075 -0.100| 0.12 0.24 0.72 1.20 2.40' 3.48 3.48 210 1.80 1.26 1.68 1.02 114 066 054 0.12| 21.98
0.100 -0.125| 0.18 0.30 0.06 1.26 2.16 3.12 330 3.12 114 1.26 180 0.78 0.54 0.54 030 0.18| 20.06
0.125 -0.150| 0.12 0.24 0.54 0.90 1.02 1.86 1.56 1.68 1.32 0.96 1.50 0.42 0.36 0.66 0.12 13.27
0.150 -0.175 0.24 030 0.42 066 1.32 120 078 0.78 0.48 030 0.24 0.24 0.48 0.12 7.57
0.175 -0.200| 0.18 0.24 0.42 0.12 0.48 0.78 024 054 048 0.30 036 0.18 0.18 030 006 030| 5.17
0.200 -1.200| 0.24 0.36 0.48 0.18 0.36 1.56 0.72 0.60 0.24 0.36 0.78/ 0.12 0.12 0.12 0.12 0.06| 6.43

Total% |1.44 1.92 3.84 583 9.25 15.14 13.99 10.87 7.09 6.55 8.11 4.74 3.84 3.90 234 1.14 | 100.00

Mean [0.12 0.14 0.12 0.10 0.11 0.2 041 011 011 011 0.12 0.09 0.10 0.11 0.09 0.10 | 0.11

StDev |0.08 0.07 0.08 0.04 0.05 0.06 0.05 0.04 0.05 0.05 0.07 0.05 0.05 0.06 0.06 0.07 | 0.06

Min 0.02 0.01 0.02 0.02 0.02 002 002 0.02 003 002 002 001 001 002 0.02 0.02] 0.01

Max 0.34 0.28 0.38 0.28 0.35 045 032 024 026 024 060 034 024 039 029 0.21] 0.60
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WEST 1

30%

20%

Current Rose (Middle Layer)
February 02, 2017 -- April 14, 2017
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Figure 3-5 Current Rose for Middle Layer

Table 3-3 Middle Layer Current Frequency of Occurrence

Current Speed (m/s))
Bl 0200 - 1.200
Bl 0.175 - 0.200
[ 0.150- 0175
[ ]0125-0.450
B 0.100-0.125
[]oo7s-0.100
[ 0.050 - 0.075
- 0.025 - D.0s0
I 0000 - 0.025

Current Total % by Direction in Deg
Speed, m/s | 0° |22.5°( 45° |67.5°| 90° |112.5°| 135° |157.5°( 180°|202.5°| 225° | 247.5°| 270° | 292.5°| 315° [ 337.5°| Total %
0.000 -0.025| 0.47 0.41 0.89 094 071 1.12 0.71 041 083 059 0.83 059 1.12 0.83 1.00 053] 11.98
0.025 -0.050| 0.71 0.35 0.77 2.13 331 354 3.13 254 218 153 142 195 195 159 112 0.89| 29.10
0.050 -0.075| 0.06 0.12 0.65 1.36 2.18 4.8 295 118 059 0.71 065 1.18 159 165 0.59 0.30| 20.60
0.075 -0.100| 0.06 0.12 0.06 0.35 2.72 401 195 0.30 012 041 041 059 159 1.00 0.71 0.12] 14.52
0.100 -0.125| 0.06 0.18 1.00 236 2.07 0.35 0.06 0.18 0.18 1.48 071 0.24 0.12| 8.97
0.125 -0.150| 0.06 0.06 0.71 336 124 0.41 0.18 0.59 0.35 0.06 | 7.02
0.150 -0.175 030 1.71 0.53 041 0.18 0.12 3.25
0.175 -0.200 0.41 1.06 @ 0.06 0.24 0.06 1.83
0.200 -1.200 0.06 213 0.35 0.12 0.06 2.72
Total % |1.42 1.00 2.36 5.02 11.39 24.14 12.99 5.19 3.78 3.25 3.48 4.66 9.09 6.38 3.84 2.01 | 100.00
Mean 0.04 0.04 0.04 0.05 0.08 0.11 0.08 0.06 0.04 0.04 0.05 0.05 0.08 0.07 005 0.04| 0.07
StDev 0.03 0.03 0.02 0.03 0.04 0.06 0.05 0.03 0.02 0.02 0.03 0.03 0.05 004 0.04 0.03 | 0.05
Min 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.01 0.01 001 0.01 0.00| 0.00
Max 0.14 0.10 0.09 0.13 0.23 0.39 0.28 0.15 0.10 0.09 0.12 0.14 021 020 0.20 0.13 | 0.39
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Current Rose (Bottom Layer)
February 02, 2017 -- April 14, 2017
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Figure 3-6 Current Rose for Bottom Layer

Table 3-4 Bottom Layer Current Frequency of Occurrence

Current Speed (m/fs)

Current Total % by Direction in Deg
Speed, m/s| 0° |22.5°| 45° |67.5°| 90° |112.5°| 135°|157.5°| 180° | 202.5°| 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.88 1.06 0.71 0.83 1.00 0.77 0.53 0.83 1.24 047 112 1.00 0.77 106 142 0.71| 14.40
0.025 -0.050| 1.77 1.89 2.83 254 153 177 218 142 171 218 159 218 147 159 147 1.89| 30.03
0.050 -0.075| 1.06 2.42 3.19 230 2.01 136 1.71 0.83 147 265 195 130 0.71 0.77 0.88 1.36| 25.96
0.075 -0.100{ 1.06 1.47 159 1.30 1.47 083 0.59 053 124 118 088 0.65 035 0.29 0.12 0.59| 14.16
0.100 -0.125| 0.41 0.94 094 130 0.35 0.59 0.24 0.12 047 029 065 0.29 0.18 012 006 0.24| 7.20
0.125 -0.150| 0.35 0.47 0.41 1.30 0.41 0.29 0.06 0.12 0.24 0.24 0.06 0.06 0.18 0.24| 4.42
0.150 -0.175 0.18 0.06 0.88 0.06 0.18 0.06 0.18 0.12 0.06 0.06 1.83
0.175 -0.200 0.12 0.18 0.29 0.29 0.06 0.06 0.06 1.06
0.200 -1.200 041 0.29 0.06 0.12 0.06 0.94
Total % |5.55 8.55 10.32 11.03 7.20 5.96 5.37 3.83 6.14 7.20 6.55 5.43 3.66 3.95 4.25 5.01 | 100.00
Mean 0.06 0.07 0.07 0.09 0.07 0.07 0.05 0.05 0.05 0.06 0.06 0.05 0.05 0.05 0.05 0.06 | 0.06
StDev 0.04 0.04 0.05 005 0.04 0.05 0.03 003 0.03 0.03 0.03 003 0.04 0.03 0.04 0.03| 0.04
Min 0.01 0.01 001 0.01 0.01 0.01 001 001 0.01 0.01 001 000 0.01 0.01 0.01 0.00 | 0.00
Max 0.15 0.20 0.35 0.27 0.23 0.25 0.16 0.15 012 0.17 0.16 0.12 0.18 0.20 0.23 0.15] 0.35
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3.2 Waves

The WavesMon module of Velocity was used to calculate hourly wave statistics. The three

statistics of most importance to wave characterization

are the significant wave height (Hs), peak

period (Tp), and peak direction (Dp). The direction that the Sentinel V100 ADCP references is
magnetic north. These readings were converted to a true north reference using the magnetic

declination values for the location of the ADCP on Oahu. The magnetic declination for WETS is
9.55° East. A second program, WavesView, is used to display the spectral data alongside the

wave statistics.

A screenshot of the settings for WavesMon is presented in Figure 3-7.

Quick Setup | Input | Output  Processing | Curents | Expert 1| Expert 2 |

What To Process How To Process
Process Save Samples/Burst

v I~ Velocity Time Series Time Between Bursts
v [~ Surface Time Series

v I~ Pressure Time Series FFT Length

v [¥ Velocity Spectra Frequency Bands

v v Surface Spectra

v [¥ Pressure Specira Lower Freq Threshold
v [ Directional Spectra Upper Freq Threshold
v ¥ Wave Parameters

# of Angles
ADCP Environment
ADCP Depth

[V Transducer Altitude IBD om

- Bottom
[ Force Fixed Depth I— cm Slope
I~ Depth Comection |: —

Depth From * Pressure Sensor
" Surface Track

ADCP Heading

I~ Force Fixed Heading |: degrees
[V Magnetic Variation |9‘55| degrees

I~ Force Fixed Pitch 0.0 degrees

I~ Force Fixed Roll | 0.0 degrees

Figure 3-7 WavesMon Processing Tab

0.030000
V|ﬂ,95000 S ln_ssom p {0.50000

;

.

Depth Cells Used For Waves
[V Auto Depth Cell Selection (Top 3)
-
-
™ Au
Scan | Depth Cells Available

|
Height Spectra Depth Cells
IS-‘.E

Directional Spectra Depth Cells
|3,1 1.13

Figure 3-8 shows the time series of significant wave height, peak period, and peak direction for
the deployment. Figure 3-9 shows the wave height rose which is dominated by the trade wind

driven waves from the northeast with shorter periods.

Table 3-5 presents the percent frequency

of wave height and direction. Figure 3-9 presents the wave period rose. Table 3-6 presents the

percent frequency of wave peak period and direction.
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The time series, Figure 3-8, indicates typical wave heights of approximately 1.0 — 2.0m from an
east-northeast direction indicative of trade wind generated swell, with a distinct peaks with wave
heights greater than 3m on February 20, 2017.

The wave height rose shown in Figure 3-9, and Table 3-5, indicates waves from a northwesterly
to northeasterly direction (337.5° - 67.5°) occur 79% of the time. Waves are greater than 1.0m
89% of the time. The average wave height is 1.51m and maximum wave height was 3.43m.

The period rose shown in Figure 3-10, and Table 3-6, show the mean period was 9.83 seconds
and the maximum period was 15.50 seconds.

16
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Significant Wave Height (Hs) from Sentinel V100 ADCP
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Figure 3-8 Wave Height, Peak Period, and Peak Direction
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WEST

L 30%

Wave Height Rose from WETS (70m Depth)

. 20%

February 02, 2017 -- April 14, 2017

Figure 3-9 Wave Height Rose

Table 3-5 Wave Height Frequency of Occurrence

Wave Height {m)

- 4,00-500

EAST

Il 300-400

e300
Bl 233-267
P 200-233

1.67

-2.00

B 133-167
[ 100-133
B 067-1.00
I o33-067
Il 000-033

Wave Total % by Direction in Deg
Height, m| 0° [22.5°] 45° [67.5°] 90° [112.5°[135°[157.5°] 180° [ 202.5° 225°[247.5°] 270° [ 292.5°] 315° [337.5°| Total %
0.00 -0.33 0.00
0.33-0.67| 0.24 024 012 0.12 018 024| 113
0.67 -1.00| 130 0.95 0.77 1.84 024 0.06 0.30 0.06 0.06 095 237| 889
1.00 -1.33| 3.50 2.43 “ 083 024 036 0.06 0.18 006 024 0.12 065 2.90 25.31
133 -1.67| 522 3.32 071 024 024 006 012 018 036 006 024 053 3.20 32.84
167-200| 279 243 320 172 024 006 0.12 0.18 006 006 012 012 036 0.65 213 4.03| 1826
2.00-2.33 113 101 160 1.60 024 0.18 0.12 0.18 0.06 018 006 036 101 172 943
2.33-2.67| 024 018 018 0.65 0.06 0.06 0.06 006 012 0.18 0.65| 2.43
2.67 -3.00( 0.18 0.06 0.06 0.06 024 041| 101
3.00 -4.00| 0.12 0.06 0.06 0.06 006 012 024]| 071
4.00 -5.00 0.00
Total % |14.70[10.67]16.36]17.01] 2.31] 0.77 [1.19] 0.47 [0.36] 0.41 [0.77] 0.59 [0.83] 2.37 [10.91] 20.27] 100.00
Mean | 1.50| 1.50| 1.53 | 1.46 | 1.42| 1.50 | 1.34] 1.83 [2.17] 1.39 [1.64] 1.76 | 1.61] 1.67 | 1.53| 1.52 [ 1.51
StDev | 0.44| 0.43 | 0.36| 0.41[0.37| 0.39 |0.48] 0.31 [0.71] 0.24 |0.38| 0.67 [0.37| 0.47 | 0.48 | 0.50 | 0.44
Max | 0.64|0.53| 057 0.66]0.85] 1.00 |0.76] 1.22 |1.43| 1.11 [0.91] 1.01 [0.98] 1.01 | 0.58] 0.59 | 0.53
Min | 3.02]3.09] 275|258 [2.35| 213 |2.40] 2.14 [3.13] 1.73 | 2.30( 3.19 [2.53] 3.19 [ 3.43| 3.36 | 3.43
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Period Rose from WETS (70m Depth)
February 02, 2017 -- April 14, 2017
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Figure 3-10 Period Rose

Table 3-6 Wave Period Frequency of Occurrence

Wave Total % by Direction in Deg
period,s | 0° W 45° 337.5°| Total %
2-4 0.06 0.06 0.06 | 0.18
4-6 0.36 0.36 0.53 0.36 0.41] 3.56

6-8 | 142 101 290 682 089 030 047 0.12 012 036 036 006 012 047 065 16.06
8-10 | 213 267 711 711 071 012 024 006 012 024 006 006 006 030 225 3.26| 26.50
10-12 | 771 504 445 178 036 018 041 012 018 006 024 006 059 154 6.64 11.74| 41.08
12-14 | 285 142 1.30 119 3.85| 11.97
14-16 | 0.18 0.18 0.65
16 -18 0.00
18 -20 0.00

Total % |14.70 10.67 16.36 17.01 2.31 0.77 1.19 047 036 041 0.77 0.59 0.83 2.37 10.91 20.27| 100.00

Mean |10.52 10.27 9.35 819 820 9.12 855 933 1075 854 858 803 10.74 10.73 10.42 10.79| 9.83
StDev | 197 2.02 1.86 1.55 196 278 1.85 3.04 142 153 237 243 148 144 175 178 | 2.07
Min 340 430 280 470 450 5.30 560 590 9.00 620 580 560 650 650 430 3.90 | 2.80
Max |14.60 15.50 13.80 13.10 12.50 13.10 11.90 13.80 12.50 10.40 13.10 13.10 12.50 13.10 13.80 14.60] 15.50
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1. INTRODUCTION

The area north of the Mokapu Peninsula, adjacent to Kane‘ohe Marine Corps Base Hawai‘i
(MCBH), has been utilized by the U.S. Navy for wave energy research since 2002. Prototype
wave energy converters (WEC) are being tested at the 30m, 60m, and 80m berths offshore of
North Beach at the MCBH. The Hawai‘i National Marine Renewable Energy Center
(HNMREC) at the University of Hawai‘i under contract with Department of Energy and the U.S.
Navy, operates the test site.

Sea Engineering has been contracted by the HNMREC to conduct site investigations in support
of the test site. One of these investigations is to determine wave climate at the site and current
characteristics.

The project location within the state of Hawai‘i is shown in Figure 1-1. The test site is 1600m to
2000m wide and extends approximately 2600m offshore from the 30m depth contour to the
approximate 100m depth contour.

w Kaua'l Wave Energy Test Site (WETS)
/:‘/{ \\\fk’:/
&

Ni'hau

T Moloka'i

O'ahu &-;m( . Maui
Lana'i ® =
&2 L’ 3
Kaho'olawe

Figure 1-1 Project Location

In collaboration with HNMREC, Sea Engineering Inc. deployed a Teledyne RDI Sentinel V100
Acoustic Doppler Current Profiler (ADCP) in the Wave Energy Test Site (WETS) since
November 2014. Previous deployments were at the 30m site and the Waverider buoy. In
December 2016, the ADCP was deployed at the 70m depth between the 60m and 80m sites.
Figure 1-2 shows the deployment location of the ADCP.

Table 1-1 shows the ADCP deployment schedule and the coordinates of the deployment. This
report presents
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Figure 1-2 WETS 70m Depth Deployment Location
Table 1-1 ADCP Deployment Schedule and Locations
Depl Retrieval
eployment Task etrieva Task | Location Coordinates Depth
Date Date
Previous o 1 "
Near 21°28'39.1813" N
WETS 4A 7
11/13/2014 Funding 2/26/2015 Waverider | 157°44'56.3008" W 8m
Near 21°28'39.1813" N
2/26/2015 | 4A | 6/4/2015 | 4B ||\ o ider | 157044 56.3008"w | /8™
10/14/201 . 21°27'56.1738" N
7/6/2015 | 48 5 4C | 30mSite | gy g5 0563w | 31
. 21°27'55.9741" N
10/19/2015 4C 1/13/2016 4D 30m Site 157° 45' 4.1980" W 31m
. 21°27'55.9801" N
1/14/2016 4D 8/3/2016 1H 30m Site 157° 45' 4.9739" W 31m
Between
21°28'30.8115" N
12/6/2016 4E 4/14/2017 4G 86(§>m a_nd 157° 45'27.6232" W 70m
m Sites
B1 secured 4F B1 secured 4F -- - -
Between
21°28'30.2881" N
4/15/17 4G 8/2/2017 4H 60m a_nd 157° 45'28.3139" W 69m
80m Sites
21°28'30.1335" N
8/3/2017 4H 157° 45'29.3408" W 69m
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The Sentinel V100 ADCP uses a vertical acoustic beam to measure the distance to the water
surface. Sound waves reflect off the water surface and the time a reflection takes to return to the
ACDP is used to determine the distance to the surface. Accurate wave statistics can be
computed from the measured water surface elevation record. An ADCP relies on the Doppler
effect to determine the water currents through the water column. The direction of current can be
determined by using three or four acoustic beams. The acoustic reflection of a beam that is up
current from the ACDP will arrive before the reflection of down current acoustic reflection.
With the reflection return timing of multiple beams, the direction of waves and currents can be
calculated.

At the start of the ADCP’s deployment the sensors show that the roll angle was ~-50° and the
pitch angle was ~22°. The ADCP would have a roll and pitch angle of 0° if oriented vertically.
Figure 3-1 shows the heading, pitch, and roll angles for the deployment. Typically, the heading
IS very stable with rare changes of 2-4 degrees associated with the ADCP mount settling in to the
sand. The pitch and roll generally vary 2-4 degrees as the ADCP rotates in the gimble mount
forced by drag from currents. From April 15 to April 21, 2017 the orientation of the ADCP
made the current and wave data it collected unusable. The ADCP’s roll angle varied
approximately from to -32° to -20° from April 21, 2017 to June 1, 2017. Similarly, the pitch
angle varied greatly from 20° to 5° from April 21, 2017 to June 1, 2017. After June 1, 2017, the
pitch angle variations lessened to about 5° centered at 18°. The roll angle varies about 5°
centered at -20°. Finally, the on July 2, 2017 the hourly variation in pitch and roll cease. The
wave and current data presented in this report is from April 24, 2017 to July 19, 2017. The
orientation of the ADCP throughout the deployment did not allow for the acoustic beams to
reach the surface. Current data is generally unaffected by the angle variation and the angle
variation is accounted for in the processing. Current data at the surface is out of the range of the
acoustic beams and cannot be calculated. Wave parameter measurement is affected. The peak
direction of the wave is not well resolved. The wave height was calculated using the orbital
velocities of particles in the middle of the water column and the pressure under the passing wave
and not the surface track of the wave.
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2. TELEDYNE RDI SENTINEL V100 SETUP

The Sentinel V100 was programmed to measure both waves and currents. ReadyV software
from Teledyne RDI was used to program the Sentinel V100 ADCP. The software calculates the
available battery resources and data storage for desired measurement profiles. The custom wave
and current measurement profiles have the following settings:

Table 2-1 Profile Parameters

Waves Measurement Current Measurement
Profile Profile
Ping Interval (seconds) 0.5 1
Number of Pings 2300 300
Range (meters) 75 75
Cell Size (meters) 1.0 1.0
Duration(minutes) 19.166 5

The wave measurement occurs once per hour over a 19 minute and 10 seconds period. Current
measurements occur over a 5-minute period 30 minutes after the start of the wave measurements.
This setup was chosen to accommodate a deployment duration of approximately 90 days. The
external battery housing was not need since the alkaline batteries have been replaced with
lithium batteries. The new lithium batteries have a capacity of 2130 watt-hours.
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3. SENTINEL V100 DATA

The recorded wave and current data for the deployment period required 10.2 GB of data storage;
the wave data comprised 8.9 GB. Teledyne RDI provides multiple software options to display
and process the data. The primary data viewing and processing software is Velocity.

The direction that the Sentinel V100 ADCP references is magnetic north. These readings were
converted to a true north reference using the magnetic declination values for the location of the
ADCP on Oahu. The magnetic declination for WETS is 9.55° East.

Initial processing indicated that data recorded between April 15, 2017 and April 21, 2017 was
faulty. The ADCP motion sensor data for that period show that the roll angle was ~-50° and the
pitch angle was ~22° (Figure 3-1). A similar initial orientation was observed on the previous
deployment. This suggests that during the deployment the ADCP landed on top of an object
such as a rock that deflected the unit from a vertical orientation, or that the tripod mount sunk
into soft sediment and skewed the ADCP. The wave and current data presented in this report is
from April 24, 2017 to July 19, 2017. The orientation of the ADCP throughout the deployment
did not allow for the acoustic beams to reach the surface. Current data is generally unaffected by
the angle variation and the angle variation is accounted for in the processing. Current data at the
surface was out of the range of the acoustic beams and could not be calculated. Wave parameter
measurement is affected. The peak direction of the wave is not well resolved. The wave height
was calculated using the orbital velocities of particles in the middle of the water column and the
pressure under the passing wave and not the surface track of the wave.
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3.1 Currents

Velocity software was used to average the current data into half-hour blocks. The waves profile
(19min 10sec of recording) is averaged to represent the current in the bottom half of the hour and
the currents profile (5min of recording) is averaged to represent the current in the top half of the
hour.

The water column was divided into three layers for analysis. Table 3-1, shows the bins and
associated water depths corresponding to the three layers. Near surface data is biased by side
lobe interference, and is not included. The middle and bottom layers are defined to not include
erroneous data at the surface due to the orientation of the ADCP.

Table 3-1 Water Column Layer Divisions

Bins Range from ADCP, Water Depth,
meters meters

Bottom 1-5 3.05 - 8.05 ~ 65.95 - 60.95
Layer

Middle 17 -23 19.05 -26.05 ~49.95 - 42.95
Layer

Upper 42 -47 44.05 - 50.05 ~24.95-18.95
Layer

Figure 3-2 shows the time series current speed and direction for the three layers of water. Figure
3-3 shows the time series for current speed and direction for all the bins measured by the ADCP.
The water surface is plotted as a black line on top of the current data. The measurements above
the red line are biased due to side lobe interference if the ADCP were oriented vertically. The
orientation of the ADCP results in a larger area of water column where side lobe interference
effects the data. It was assumed from observing the data that the data above 50ft range was
affected by side lobe interference. The gaps (white spaces) near the surface are periods of time
where the orientation of the ADCP was altered so the acoustic beams did not reach the surface.
Figure 3-4, Figure 3-5, and Figure 3-6 are current rose plots for upper, middle, and bottom
layers, respectively. Table 3-2, Table 3-3, and Table 3-4 present the percent occurrence of
currents speed and direction.

Upper layer currents flow in a predominantly towards the southeast with an average speed of
0.13 m/s, and a maximum recorded speed of 0.50 m/s for the deployment data (April 21, 2017 —
July 19, 2017). Mid-layer currents flow predominantly east southeasterly occurring 33% of the
deployment duration. Bottom layer currents magnitudes are smaller and occur with greater
occurrence in all directions.
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Current Rose (Upper Layer)
April 21, 2017 -- July 19, 2017

" NORTH -

20%

30%

’ 'E,qS'T: Current Speed (m/s)

Bl 0200- 1200
o 175-0.200
[N 0.150-0.175
[J0125-0150
[l o.100-0.125
[]oo75- 0100
[ 0.050 - 0.075
i 0025- 0050

SOUTH Il 0000 - 0.025
Figure 3-4 Current Rose for Upper Layer

Table 3-2 Upper Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s| 0° [22.5°| 45° |67.5°| 90° |112.5°| 135° [157.5°| 180° |202.5°| 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.05 0.07 0.14 0.16 0.05 0.05 0.09 0.09 0.09 0.19 0.07 0.09 0.05 0.12 0.07 0.02| 1.40
0.025 -0.050| 0.49 0.28 0.42 0.35 0.56 0.82 1.21 1.03 065 0.65 0.49 0.56 0.54 0.65 0.56 0.42| 9.69
0.050 -0.075| 0.40 0.28 0.21 0.35 0.72 0.96 1.35 1.59 0.84 0.68 0.40 0.61 1.24 1.14 0.93 051[ 12.21
0.075 -0.100| 0.14 0.12 0.09 0.23 0.40 1.80 3.48 222 114 0.65 063 0.61 1.12 126 1.00 0.49[ 1539
0.100 -0.125| 0.09 0.05 0.14 0.16 1.73 | 425 229 1.03 0.54 058 0.70 1.42 128 0.82 0.35| 15.44
0.125 -0.150| 0.07 0.02 0.02 0.12 0.89 | 4.02 259 0.89 0.75 063 072 1.05 0.98 0.54 0.14| 13.43
0.150 -0.175] 0.02 0.16 058 2.90 2.03 0.84 0.63 0.56 0.70 0.84 051 0.42 0.09| 10.30
0.175 -0.200 0.05 037 222 175 044 065 042 091 079 047 021 0.02| 831
0.200 -1.200 0.05 0.05 0.89 | 448 294 084 033 042 166 152 051 0.14 13.83

Total% |1.26 0.82 0.89 1.28 2.27 8.08 24.01 16.53 6.77 507 4.20 6.56 8.57 6.94 4.69 2.06 | 100.00

Mean [0.06 006 0.05 0.07 0.08 0.12 0.14 0.14 012 012 012 0.15 0.14 0.11 0.10 0.08| 0.13

StDev |0.03 0.03 0.03 0.04 0.04 0.07 0.07 006 006 006 0.06 0.07 0.07 0.05 0.05 0.04 | 0.07

Min 0.01 0.02 0.01 0.01 0.02 002 001 0.02 002 0.02 002 002 002 000 0.02 0.03| 0.00

Max 0.15 0.14 0.14 0.23 021 050 049 0.38 029 027 029 032 036 031 023 019 | 0.50
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Current Rose (Middle Layer)
April 21, 2017 -- July 19, 2017

SOUTH. .-~

EAST  Current Speed (m/s))

Figure 3-5 Current Rose for Middle Layer

Table 3-3 Middle Layer Current Frequency of Occurrence

I 0200 - 1.200
0175 - 0.200
B 0.150-0.175
[ ]0125-0.450
B 0.100 - 0.125
[ 0.075 - 0.100
[ 0.050 - 0.075
[ 0025 - 0.050
[l 0 000 - 0.025

Current Total % by Direction in Deg
Speed, m/s | 0° |22.5°( 45° |67.5°| 90° |112.5°| 135° |157.5°( 180°|202.5°| 225° | 247.5°| 270° | 292.5°| 315° [ 337.5°| Total %
0.000 -0.025| 0.40 0.61 0.44 0.54 044 065 047 047 058 0.56 0.49 023 033 0.54 040 049| 7.64
0.025 -0.050| 0.91 0.84 1.05 1.45 1.49 252 220 187 156 156 1.73 149 1.8 138 0.98 1.07| 23.94
0.050 -0.075| 0.61 0.54 0.79 0.96 2.38 191 110 1.10 1.14 135 1.84 182 1.07 0.82| 24.08
0.075 -0.100| 0.23 0.16 0.77 2.36 273 142 049 051 051 1.07 1.14 138 0.56 0.47] 17.61
0.100 -0.125 0.47 1.66 215 091 0.28 0.14 012 061 0.84 0.79 023 0.09]| 11.61
0.125 -0.150 0.16 096 220 140 0.82 0.19 0.37 0.40 0.19 6.84
0.150 -0.175 072 173 0.96 0.21 0.23 0.12 0.12 4.20
0.175 -0.200 030 040 0.54 0.12 0.09 0.09 1.68
0.200 -1.200 0.35 0.98 0.75 0.09 0.12 241
Total % |2.17 2.06 2.52 4.39 10.67 18.87 14.46 7.82 4.09 3.92 4.06 5.02 6.80 6.59 3.60 2.97 | 100.00
Mean 0.05 0.04 0.05 0.06 0.09 0.10 0.10 0.08 0.06 0.05 0.05 0.07 0.08 0.07 0.07 0.05| 0.08
StDev 0.02 0.02 0.03 0.03 0.05 0.06 0.06 0.04 0.03 0.03 0.03 0.04 0.04 004 0.04 0.03| 0.05
Min 0.01 0.01 0.01 001 0.01 0.01 0.01 001 0.01 001 0.01 0.01 001 001 0.01 0.01| 0.01
Max 0.13 0.08 0.19 0.18 0.30 0.37 0.45 0.26 0.21 0.14 0.15 0.29 024 025 0.19 0.14| 0.45
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Current Rose (Bottom Layer)
April 21, 2017 -- July 19, 2017
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Figure 3-6 Current Rose for Bottom Layer

Table 3-4 Bottom Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s| 0° (22.5°| 45° (67.5°( 90° |112.5°| 135°|157.5°| 180° | 202.5° | 225° (247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.54 0.47 0.58 0.47 0.42 058 0.49 040 035 0.23 037 0.40 040 044 054 0.37]| 7.05
0.025 -0.050| 1.91 2.13 2.17 2.01 2.17 196 243 210 2.15 213 194 138 138 1.61 1.68 2.36| 31.50
0.050 -0.075| 2.52 2.20 2.64 224 1.87 1.82 187 189 187 206 149 119 091 145 1.73 1.89| 29.64
0.075 -0.100| 1.21 1.61 1.89 1.54 1.05 1.12 0.72 1.17 142 119 105 061 0.47 0.33 0.77 0.98| 17.14
0.100 -0.125| 0.58 0.70 0.77 0.91 0.84 056 0.51 0.33 0.56 0.61 056 0.37 014 021 0.30 0.68| 8.64
0.125 -0.150| 0.28 0.23 0.33 0.37 0.54 0.23 0.16 0.09 0.09 021 0.19 0.07 0.02 0.05 0.14 0.12| 3.13
0.150 -0.175| 0.12 0.09 0.16 0.30 0.23 0.19 0.02 0.02 0.05 0.09 0.02 0.02 0.12 0.07| 1.52
0.175 -0.200| 0.09 0.02 0.07 0.19 0.14 0.05 0.12 0.02 0.05 0.05 0.02| 0.82
0.200 -1.200| 0.02 0.12 0.02 0.12 0.19 0.05 0.05 0.56
Total % 7.29 7.45 873 8.06 7.38 6.70 6.38 6.05 6.52 6.52 5.67 4.02 3.34 4.09 5.32 6.49 | 100.00
Mean 0.07 0.07 0.07 0.07 0.08 0.07 0.06 0.06 0.06 0.07 0.06 0.06 0.05 0.05 0.06 0.06 | 0.07
StDev 0.03 0.03 0.04 0.04 0.04 004 0.04 003 003 0.03 003 0.03 0.03 0.03 0.03 003| 0.04
Min 0.01 0.01 0.01 0.01 0.01 001 0.01 001 001 0.01 0.01 0.01 0.01 001 0.01 0.01| 0.01
Max 0.21 0.18 0.28 0.21 0.26 0.25 0.30 0.22 0.18 0.17 0.18 0.13 0.16 0.14 0.20 0.19 | 0.30
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3.2 Waves

The WavesMon module of Velocity was used to calculate hourly wave statistics. The three

statistics of most importance to wave characterization

are the significant wave height (Hs), peak

period (Tp), and peak direction (Dp). The direction that the Sentinel V100 ADCP references is
magnetic north. These readings were converted to a true north reference using the magnetic

declination values for the location of the ADCP on Oahu. The magnetic declination for WETS is
9.55° East. A second program, WavesView, is used to display the spectral data alongside the

wave statistics.

A screenshot of the settings for WavesMon is presented in Figure 3-7.

Quick Setup | Input | Output  Processing | Curents | Expert 1| Expert 2 |

What To Process How To Process
Process Save Samples/Burst

v I~ Velocity Time Series Time Between Bursts
v [~ Surface Time Series

v I~ Pressure Time Series FFT Length

v [¥ Velocity Spectra Frequency Bands

v v Surface Spectra

v [¥ Pressure Specira Lower Freq Threshold
v [ Directional Spectra Upper Freq Threshold
v ¥ Wave Parameters

# of Angles
ADCP Environment
ADCP Depth

[V Transducer Altitude IBD om

- Bottom
[ Force Fixed Depth I— cm Slope
I~ Depth Comection |: —

Depth From * Pressure Sensor
" Surface Track

ADCP Heading

I~ Force Fixed Heading |: degrees
[V Magnetic Variation |9‘55| degrees

I~ Force Fixed Pitch 0.0 degrees

I~ Force Fixed Roll | 0.0 degrees

Figure 3-7 WavesMon Processing Tab

0.030000
V|ﬂ,95000 S ln_ssom p {0.50000

;

.

Depth Cells Used For Waves
[V Auto Depth Cell Selection (Top 3)
-
-
™ Au
Scan | Depth Cells Available

|
Height Spectra Depth Cells
IS-‘.E

Directional Spectra Depth Cells
|3,1 1.13

Figure 3-8 shows the time series of significant wave height, peak period, and peak direction for
the deployment. Figure 3-9 shows the wave height rose which is dominated by the trade wind

driven waves from the northeast with shorter periods.

Table 3-5 presents the percent frequency

of wave height and direction. Figure 3-9 presents the wave period rose. Table 3-6 presents the

percent frequency of wave peak period and direction.
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The time series, Figure 3-8, indicates typical wave heights of approximately 1.0 — 2.0m and peak
periods of 6-8s from an east-northeast direction indicative of trade wind generated swell. The
peak direction is of the waves is not well resolved due to the orientation of the ADCP. This is
shown by the peak directions from the southern directions which are not expected. These poorly
resolved peak directions will appear in the wave height rose and period rose in Figure 3-9 and
Figure 3-10 respectively.

The wave height rose shown in Figure 3-9, and Table 3-5, indicates waves from an east and
northeasterly direction (45° - 90°) occur 40% of the time. Waves are greater than 1.0m 84% of
the time. The average wave height is 1.35m and maximum wave height was 2.47m.

The period rose shown in Figure 3-10, and Table 3-6, show the mean period was 8.07 seconds
and the maximum period was 14.60 seconds.
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Significant Wave Height (Hs) from Sentinel V100 ADCP
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Figure 3-8 Wave Height, Peak Period, and Peak Direction
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Wave Height Rose from WETS (70m Depth)
April 21, 2017 - July 20, 2017

Wave Height (m)
_ : _ I 400-5.00
WEST AR SRR S il 300400
Il :67-300
. -2.33-2.5?
-2.00-2.33
. []187-200
-'-.'_5“‘ [ REREH
"'.20% []100-133
Bl os7- 100
i 033- 067
m i ooo-o3
Figure 3-9 Wave Height Rose
Table 3-5 Wave Height Frequency of Occurrence
Wave Total % by Direction in Deg
Height, m| 0° [22.5°| 45° |67.5°| 90° |112.5°|135°|157.5°| 180° | 202.5°| 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.00 -0.33 0.00
0.33 -0.67 0.05 0.05 0.09
0.67 -1.00| 0.60 1.02 1.76 2.74 264 051 032 060 0.70 0.32 0.37 0.23 0.28 0.28 0.83 1.02| 14.23
1.00 -1.33] 2.60 3.25 3.99 190 1.07 172 181 176 107 102 056 1.11 278 3.71| 40.33
1.33 -1.67] 1.39 2.13 3.20 3.52 2.87 1.21 046 116 1.02 162 125 074 0.79 097 2.04 236| 26.75
1.67 -2.00{ 1.34 0.83 1.48 148 148 0.51 032 083 046 093 065 042 032 019 0.79 111 13.17
2.00 -2.33| 0.42 0.28 0.88 0.70 0.79 0.23 0.09 0.05 0.19 0.23 0.23 0.05 0.14 0.19 0.42 0.32| 5.19
2.33 -2.67 0.05 0.09 0.05 0.05| 0.23
2.67 -3.00 0.00
3.00 -4.00 0.00
4.00 -5.00 0.00
Total % |6.35(7.56|11.45(15.21|13.12| 4.36 | 2.27| 4.36 [4.17| 4.87 [3.57| 2.46 | 2.09| 2.74 | 6.86| 8.58 | 100.00
Mean |[1.42]1.34]|1.38]130(1.30| 1.35 (1.32| 1.35 [1.31| 1.42 |1.43| 1.37 |1.41| 1.36 |1.34( 1.34 | 1.35
StDev |0.36(0.33| 0.39|0.34| 0.36| 0.33 |0.34| 0.32 [0.32] 0.32 [0.36] 0.30 | 0.33[ 0.32 |0.33| 0.32 | 0.34
Min 0.81(0.75(0.44 | 0.48 ] 0.71| 0.82 |0.80| 0.71 |0.77| 0.83 [0.78]| 0.89 [0.69| 0.79 [0.72| 0.77 | 0.44
Max |2.22]|235|247|246(232] 2.24 [2.16| 2.18 |2.18| 2.19 [2.29| 2.21 [2.12| 2.25 |[2.21| 2.36 | 2.47
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Period Rose from WETS (70m Depth)
April 21, 2017 -- July 20, 2017

WEST T EAST  Period(sec)
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[l 5 o0-800

I ¢ 00-600

20400

L 20%

Figure 3-10 Period Rose

Table 3-6 Wave Period Frequency of Occurrence

Wave Total % by Direction in Deg
Period, s
2-4
4 -6 037 032 070 083 0.79 037 014 037 032 037 032 0.28 009 009 032 046| 6.17
6 -8 195 292 3.99 204 139 255 227 292 176 139 125 167 3.71 4.13| 45.20
8-10 | 1.48 2.83 162 056 121 153 139 125 0.70 046 0.88 241 2.27| 36.90
10-12 | 227 1.39 218 093 0.65 0.23 014 023 005 0.19 0.19 0.09 019 0.09 0.37 1.58| 10.76
0.28 0.09 0.05 0.09

337.5°| Total %

Total % | 6.35 7.56 11.45 15.21 13.12 4.36 2.27 4.36 4.17 4.87 357 246 2.09 274 6.86 8.58 | 100.00

Mean | 9.02 841 837 814 797 784 769 756 758 756 768 750 7.88 7.65 800 822| 8.07
StDev | 2.07 1.62 157 118 1.08 143 168 128 108 116 128 129 168 102 126 172 | 1.46
Min 490 5.00 5.00 490 4.60 500 450 510 520 470 520 520 540 530 470 4.80| 4.50
Max |13.80 13.10 13.10 13.10 11.90 13.10 14.60 11.90 11.40 11.40 12.50 11.90 12.50 10.90 13.80 12.50| 14.60
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1. INTRODUCTION

The area north of the Mokapu Peninsula, adjacent to Kane‘ohe Marine Corps Base Hawai‘i
(MCBH), has been utilized by the U.S. Navy for wave energy research since 2002. Prototype
wave energy converters (WEC) are being tested at the 30m, 60m, and 80m berths offshore of
North Beach at the MCBH. The Hawai‘i National Marine Renewable Energy Center
(HNMREC) at the University of Hawai‘i under contract with Department of Energy and the U.S.
Navy, operates the test site.

Sea Engineering has been contracted by the HNMREC to conduct site investigations in support
of the test site. One of these investigations is to determine wave climate and current
characteristics at the site.

The project location within the state of Hawai‘i is shown in Figure 1-1. The test site is 1600m to
2000m wide and extends approximately 2600m offshore from the 30m depth contour to the
approximate 100m depth contour.

m Kaua'i Wave Energy Test Site (WETS)
P 4 \;\ﬁ‘-af“»"
&

Ni‘hau

T Moloka'i

O’ahu [.M@k Maui
Lanai ™® ° %
Kahoolawe
Hawai'i

Figure 1-1 Project Location

In collaboration with HNMREC, Sea Engineering Inc. has deployed a Teledyne RDI Sentinel
V100 Acoustic Doppler Current Profiler (ADCP) in the Wave Energy Test Site (WETS) since
November 2014. Deployments were at the 30m site and the Waverider buoy from 2014 to 2016.
In December 2016, the ADCP was deployed at the 70m depth between the 60m and 80m sites.
Figure 1-2 shows the deployment location of the ADCP at 70m depth.

Table 1-1 shows the ADCP deployment schedule and the coordinates of the deployments. This
report presents data recorded from August 3, 2017 to December 18, 2017.

3
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0

SE

Grid: UTM MNorth Ellipsoid: WE5-54 Zone: Zone 4(162W-156W)  Distance Unit: Meter

Figure 1-2 WETS 70m Depth Deployment Location
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Table 1-1 ADCP Deployment Schedule and Locations

Deployment Task Retrieval Task | Location Coordinates Depth [ Comment
Date Date
Previous ° 1 "
Near 21°28'39.1813" N
11/13/2014 | WETS 2/26/201 4A ) 78
/13/20 Funding /26/2015 Waverider | 157° 44' 56.3008" W m
Near 21°28'39.1813" N
4A 4B . 78
2/26/2015 6/4/2015 Waverider | 157° 44' 56.3008" W m
21°27'56.1738" N
4B 4C 30m Sit 31
7/6/2015 10/14/2015 m Site 157° 45' 5.0563" W m
21°27'55.9741" N
10/19/201 4C 1/13/201 4D 30m Sit 31
0/19/2015 /13/2016 Mo 1 157°45'4.1280" W m
Data lost to
21°27'55.9801" N
4D 1H 30m Sit 31
1/14/2016 8/3/2016 m Site 157° 45' 4.9739" W m memory
card failure
Between ° 1 "
21°28'30.8115" N
12/6/201 4E 4/14/2017 | 4G 60m and 70 New ADCP
/6/2016 /14/20 somars | 157°45'27.6232"w | T | TV
Tug to
B1 secured 4F Bl secured | 4F -- - - secure
unanchored
B1 float
Between ° 1 "
21°28'30.2881" N
4/15/17 4G 8/2/2017 4H 60m and . ; 69m
80m Sites 157° 45'28.3139" W
Between o ygq! " Adjusted
8/3/2017 4H 12/18/2017 | 4l 60m and 21 028 .30'1335 N N 69m mount on
80m Sites 157°45'29.3408" W 9-1-2017
Between ° ’ ”
21° 28 30.8004” N
12/19/2017 41 60m and o e, " 69m
80m sites | 157° 45" 31.8493” W
4K Task remaining
4L Task remaining
aM Task remaining

Task 4F was used to secure the B1 surface float.

The Sentinel V100 ADCP uses a vertical acoustic beam to measure the distance to the water
surface. Sound waves reflect off the water surface and the time a reflection takes to return to the

ACDP is used to determine the distance to the surface. Accurate wave statistics can be

computed from the measured water surface elevation record. An ADCP relies on the Doppler
effect to determine the water currents through the water column. The direction of current can be
determined by using three or four acoustic beams. The acoustic reflection of a beam that is up
current from the ACDP will arrive before the reflection of down current acoustic reflection. The
analysis of the reflection return timing of multiple beams, allows the calculation the direction of

waves and currents.




REPORT: Task 41 Report - ADCP Data Analysis at WETS (70m Depth)

2. TELEDYNE RDI SENTINEL V100 SETUP

The Sentinel V100 was programmed to measure both waves and currents. ReadyV software
from Teledyne RDI was used to program the Sentinel V100 ADCP. The software calculates the
available battery resources and data storage for desired measurement profiles. The custom wave
and current measurement profiles have the following settings:

Table 2-1 Profile Parameters

Waves Measurement Current Measurement
Profile Profile
Ping Interval (seconds) 0.5 1
Number of Pings 2300 300
Range (meters) 75 75
Cell Size (meters) 1.0 1.0
Duration(minutes) 19.166 5

The wave measurement occurs once per hour over a 19 minute and 10 seconds period. Current
measurements occur over a 5-minute period 30 minutes after the start of the wave measurements.
This setup was chosen to accommodate a deployment duration of approximately 90 days. The
external battery housing was not need since the alkaline batteries have been replaced with
lithium batteries. The lithium batteries have a capacity of 2130 watt-hours.
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3. SENTINEL V100 DATA

The recorded wave and current data for the deployment period required 10.9 GB of data storage;
the wave data comprised 9.6 GB. Teledyne RDI provides multiple software options to display
and process the data. The primary data viewing and processing software is Velocity.

The direction that the Sentinel V100 ADCP references is magnetic north. These readings were
converted to a true north reference using the magnetic declination values for the location of the
ADCP on Oahu. The magnetic declination for WETS is 9.55° East.

Initial processing indicated that data recorded between August 3, 2017 and September 1, 2017
was invalid because the ADCP was tilted horizontally. The data for that period shows that the
roll angle was ~60° and the pitch angle was ~-55°. The ADCP was recovered and deployed on
September 1, 2017 with a modified bottom mount to prevent tilt of the instrument. The wave
and current data presented in this report is from September 1, 2017 to December 19, 2017 when
the ADCP orientation is vertical.
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3.1 Currents

Velocity software was used to average the current data into half-hour blocks. The water column

was divided into three layers for analysis. Table 3-1, shows the bins and associated water depths
corresponding to the three layers. Near surface data is biased by side lobe interference and is not
included.

Table 3-1 Water Column Layer Divisions

Bins Range from ADCP, Water Depth,
meters meters

Bottom 1-5 3.05 - 8.05 ~66.11 - 62.11
Layer

Middle 28-33 30.05 -35.05 ~39.11-34.11
Layer

Upper 55 - 60 57.05—62.05 ~12.11-7.11
Layer

Figure 3-1 shows the time series of current speed and direction for the three layers of water.
Figure 3-2 shows the time series for current speed and direction for all the bins measured by the
ADCP. The water surface is plotted as a black line on top of the current data. The
measurements above the red line are biased due to side lobe interference. Figure 3-3, Figure 3-4,
and Figure 3-5 are current rose plots for upper, middle, and bottom layers, respectively. Table
3-2, Table 3-3, and Table 3-4 present the percent occurrence of currents speed and direction.

Upper layer current flow is bimodal with currents flowing predominantly towards the south and
westward. The maximum recorded speed was 0.34 m/s. Mid-layer currents flow predominantly
to the east southeast (occurring 39% of the deployment duration). Bottom layer currents
magnitudes are weaker and occur nearly equal frequency in all directions.



a

REPORT: Task 41 Report - ADCP Data Analysis at WETS (70m Depth)

Bin 1-5 {Bottom)
Bin 28-33 (Middle) |
Bin 55-60 (Upper)

Current Speed

0.35

|
il
o

I
&

! o e
(=]

(sau) paadg Juadng

10012 10/22 1111

10/02

Date

09/22
Current Direction

0912

09/02

-

-

P o ® el . L2 B - -, ) L ol
e e e A T 5
... oL ™ ....Fn...d-_..‘ L . o wess !n l.-r
. u..nl‘..hoi!-nl .Si.-u.“ Jr‘g.__.a-t“-hlﬂ % ﬁn.._i.-_rd
e 1 S g R e ._...._._-lr_
- L 'g
i
e l...--nu__....._.
T i LT s B u.t-h T
“nare i, Ade.
AT
e gt
e
* * wndi s -M s
.nﬁ . -
- . . '*II_J m
= [=T = m
A

& & .-1
Sampty L,

3
:
j
i
LH
j

- . X » . ~d ®
-ﬂuo .l!‘l' -, o._. _-.._l T N : " ﬂ.‘-ﬂn“ﬂ.-(”._
Y, —r o
e e RS T AN AT A

R " od-.-_ -o ot
- " 2Rt .q.......»......_“ -3 8 S
rl.,.r.‘lio-i b 4 e b s n + ¥
ltﬂ.ﬁ- . ;ﬁ-humwuwivvghuhn s‘u_-'ﬁ-_.”-v_.f“
.._....u__...t. ; 1....-.... #

] o T .
._la.w-nu'lu. P .f..-_......_ﬁ.-n.l_._.-_. bl SO
. ARty B A b

" lnte e I A L S
ﬂ.laﬂ_ e .f._‘n et - npany wuye, ¥ .r-n.-M .._.”a
S BT Tret bev et o O
.f-d_!- s, e I TR . R T m

T TR salls Yua ¥

TSR RATR T,
L i Py iy h...hd& &-o....._ll #he - s
b .-i‘.-.‘r-eﬂnf.u.--a. . Wt gl .-.o_.\ t!-ll-
R b LA 2 Tl 1%
R SR UM A e T PR
ot .._..__r-ﬁn-.-_f s T e S L0 ]
X .ﬂjfﬂ.‘fo h‘.lhn“l‘ - s, 0.‘ &nll-a--hu.

. L e s -
- .n.u.u.h.-rﬂ.n.._:hwn_.%! T ]

11/01

‘n
L] % -
Eoipt WPy SRR sar
o R %ﬁ poc el e gk
.F-i.l..-.-.l_ ..--n -l_!-_
AN _n.,n..?....\....t R -

10/22

10/12

]
s -F..u’

R CNCR Gy iy

&
Lk

kN
®
10/02

P s
-otln.‘.w Hﬂu-loﬂhl.—“ﬂw-ﬂgﬁh tl-." I-J—‘!- .

F g epipeden g 0o TR s 0 o

iy

v s

o 3 ol g . .y
PR A gt LT SR

A s -
TP N sy e W D ol d I

=] o o o o o L=
FRSIIEESIS

(Bap) uopoa.g uaung

Date

Figure 3-1 Current Speed and Direction for Each Layer



REPORT: Task 41 Report - ADCP Data Analysis at WETS (70m Depth)
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Current Rose (Upper Layer)
September 01, 2017 -- November 07, 2017

Current Speed (m/s)
B o.200-1.200
o 175-0200
I 0.150-0.175
[]o125-0.150
[ o.100-0.125
= 0.075-0.100
Il 0.050-0.075
Il 0.025-0.050
Il 0000 -0.025

Figure 3-3 Current Rose for Upper Layer

Table 3-2 Upper Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s | 0° |22.5°| 45° |67.5°( 90° |112.5°|135°|157.5°| 180° |202.5°| 225° | 247.5°| 270° (292.5° | 315°|337.5°| Total %
0.000 -0.025 0.22
0.025 -0.050{ 0.25 0.17 0.16 0.11 0.20 0.25 042 031 053 0.67 042 0.61 0.56 0.40 0.75 0.51]| 6.32

0.050 -0.075] 0.93 0.23 0.26 0.36 0.78 1.37 1.73 2.77 3.08 2.01 243 2.04 1.37| 31.64

0.075 -0.100| 0.09 0.28 1.15 244 1.84 0.90 2.24 1.26 0.36 | 27.26
0.100 -0.125 0.61 188 29 188 0.61 0.54 0.84 0.45 0.08| 16.22
0.125 -0.150 0.47 1.07 132 042 0.12 0.19 0.34 10.09
0.150 -0.175 0.19 0.67 0.51 0.08 4.70
0.175 -0.200 0.11 0.37 0.31 2.48

0.200 -1.200 0.26 0.34 1.07

Total % |1.28 0.45 0.45 0.54 1.31 4.14 8.87 13.11 12.52 6.32 4.08 6.88 16.49 16.19 5.00 2.37 | 100.00

Mean 0.06 0.05 0.05 0.06 0.07 0.09 0.11 0.10 0.08 0.07 0.08 0.08 0.11 0.11 0.08 0.06 | 0.09
StDev 0.01 0.01 0.02 0.02 0.02 0.03 0.04 004 002 0.02 002 003 0.04 004 0.03 0.02| 0.04
Min 0.03 0.02 0.02 0.02 0.03 0.03 0.02 003 003 0.03 002 002 0.03 002 0.02 0.01]| 0.01
Max 0.09 0.09 0.07 0.14 0.11 0.18 0.27 034 0.19 0.15 0.14 0.15 0.22 0.22 0.21 0.15]| 0.34
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Current Rose (Middle Layer)
September 01, 2017 -- November 07, 2017

" UNORTH .

_; EAST; Current Speed (m/s))

B 0200-1.200
Blo175-0200
[ 0.150-0.175
[]o125-0150
B 0.100-0.125
L 2 0.075-0.100
: Il 0.050 -0.075
: Il 0.025 - 0.050
E:SDLI_'I’H.--- I o.000 -0.025
Figure 3-4 Current Rose for Middle Layer
Table 3-3 Middle Layer Current Frequency of Occurrence
Current Total % by Direction in Deg
Speed, m/s | 0° |22.5°| 45° [67.5°| 90° |112.5°| 135° |157.5°| 180° |202.5°| 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.25 0.45 0.59 0.53 0.61 0.64 0.62 0.62 0.72 062 037 059 054 061 040 0.37]| 855
0.025 -0.050| 1.06 0.86 0.73 0.92 1.95 2.43 2.8 188 1.59 131 1.01 135 1.8 163 140 095| 23.71
0.050 -0.075| 0.30 0.37 0.28 1.20 2.41 459 4.09 202 120 073 0.70 0.75 199 212 106 0.62| 24.44
0.075 -0.100| 0.14 0.05 0.09 0.33 1.39 436 456 131 039 0.09 019 051 1.15 212 117 030]| 18.14
0.100 -0.125 0.05 0.22 0.39 291 332 072 0.08 003 008 017 070 151 076 0.14| 11.07
0.125 -0.150| 0.02 0.02 0.12 0.20 2.02 1.79 0.30  0.03 0.03 0.08 0.28 1.45 0.53 6.87
0.150 -0.175 0.17 1.26 1.40 0.08 0.03 0.03 019 062 019 0.03| 4.00
0.175 -0.200 0.06 0.53 0.79 0.03 0.02 0.02 0.09 0.28 1.82
0.200 -1.200 0.05 0.56 0.61 0.06 0.12 1.40
Total% |1.76 1.74 1.74 3.32 7.22 19.31 20.01 7.02 4.02 285 2.35 3.50 6.77 10.46 5.51 2.41 | 100.00
Mean |0.04 0.04 0.04 0.06 0.07 0.09 0.10 0.07 0.05 0.04 0.05 0.05 0.07 0.09 008 0.05| 0.08
StDev 0.02 0.02 0.02 0.03 0.04 0.05 005 0.04 003 0.03 0.02 0.03 0.04 0.05 0.04 0.03]| 0.04
Min 0.01 0.01 0.01 0.01 001 0.01 001 001 001 0.01 001 001 0.01 001 0.00 0.01| 0.00
Max 0.13 0.13 012 0.15 0.26 034 032 0.34 018 017 012 018 019 024 017 016 | 0.34
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Current Rose (Bottom Layer)
September 01, 2017 -- November 07, 2017

CUNGRTH
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Figure 3-5 Current Rose for Bottom Layer

Table 3-4 Bottom Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s| 0° (22.5°| 45° |67.5°| 90° |112.5°| 135°(157.5°| 180° | 202.5° | 225° | 247.5°| 270° [ 292.5° | 315° | 337.5°| Total %
0.000 -0.025 0.83 0.79 0.72 0.72 0.98 0.67 0.76 0.54 0.56 0.62 0.72 0.72 0.83 0.67 0.51 0.84| 11.47
0.025 -0.050| 1.71 1.99 248 260 241 213 191 202 167 204 240 19 1.87 188 19 1.81| 32.79
0.050 -0.075| 1.56 1.77 2.13 2.13 2.18 188 1.84 1.14 151 126 177 171 1.68 157 137 1.21| 26.73
0.075 -0.100f 0.87 0.90 1.35 145 1.23 0.79 0.72 0.37 081 1.12 140 104 0.8 0.58 0.70 0.75| 14.95
0.100 -0.125| 0.40 0.42 0.86 1.04 0.84 0.28 0.16 0.30 0.39 0.72 0.89 044 034 0.16 022 0.26| 7.71
0.125 -0.150f 0.19 0.31 0.37 0.89 0.34 0.17 003 014 0.08 0.30 023 0.17 0.14 0.17 0.09 0.11| 3.74

0.150 -0.175| 0.06 0.09 0.03 0.23 0.14 0.06 0.06 0.20 0.03 0.03 0.06 0.05| 1.06
0.175 -0.200 0.03 0.03 0.26 0.09 0.03 0.02 0.02 0.02 0.02 0.02| 0.53
0.200 -1.200 0.06 0.03 0.73 0.14 0.03 0.03 1.03

Total % |5.62 6.38 8.00 10.06 836 5.96 5.43 4.52 5.11 6.13 7.63 6.01 5.78 5.03 4.94 5.04 | 100.00
Mean 0.06 0.06 0.07 0.09 0.07 0.06 005 005 0.06 006 0.07 0.06 0.06 0.05 0.06 0.05| 0.06
StDev 0.03 0.04 0.03 0.06 0.04 0.03 0.03 0.03 003 003 0.04 003 0.03 0.03 0.03 0.03| 0.04
Min 0.01 0.01 0.01 0.01 001 0.01 001 001 001 001 001 001 0.01 0.01 0.01 0.01]| 0.01
Max 0.17 0.23 0.26 0.32 0.26 0.18 0.18 0.14 0.20 0.18 0.18 0.15 0.22 0.15 0.18 0.19 | 0.32
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3.2 Waves

The WavesMon module of Velocity was used to calculate hourly wave statistics. The three
statistics of most importance for wave characterization are the significant wave height (Hs), peak
period (Tp), and peak direction (Dp). The direction that the Sentinel V100 ADCP references is
magnetic north. These readings were converted to a true north reference using the magnetic
declination values for the location of the ADCP on Oahu. The magnetic declination for WETS is
9.55° East. A second program, WavesView, is used to display the spectral data alongside the
wave statistics.

A screenshot of the settings for WavesMon is presented in Figure 3-6.

Quick Setup | Input | Output  Processing | Curents | Expert 1| Expert 2 |

What To Process How To Process
Process Save Samples/Burst 2048 -
v I Veloctty Time Series Time Between Bursts |3590
v I~ Surface Time Series - =
v I~ Pressure Time Series FFT Length 4096
v [¥ Velocity Spectra Frequency Bands 256 w
v [V Surface Spectra
¥ ¥ Pressure Specira Lower Freq Threshold |'3-'33'[3"}00
[E g Directional Spectra Upper Freq Threshold v [0.95000 5 [0.95000 p [0.50000
v v Wave Parameters
# of Angles |90 v I
ADCP Environment
ADCP Depth Depth Cells Used For Waves
[V Transducer Altitude IBD cm [V Auto Depth Cell Selection (Top 3)
- Bottom =
I” Force Fixed Depth |— cm Slope i
I~ Depth Comection |: — r Au
Depth From * Pressure Sensor Scan | Depth Cells Available
" Surface Track I
ADCP Heading
I~ Force Fixed Heading |: degrees Fe’?ht Spectra Depth Cells
[V Magnetic Variation |9‘55| degrees =
™ Force Fixed Pitch 0.0 Sy Directional Spectra Depth Cells

|3,ﬂ.13

I~ Force Fixed Roll | 0.0 degrees

Figure 3-6 WavesMon Processing Tab

Figure 3-7 shows the time series of significant wave height, peak period, and peak direction for
the deployment. Figure 3-8 shows the wave height rose which is dominated by the trade wind
driven waves from the northeast with shorter periods and longer period swell from the north.
Table 3-5 presents the percent frequency of wave height and direction. Figure 3-8 presents the
wave period rose. Table 3-6 presents the percent frequency of wave peak period and direction.

14



REPORT: Task 41 Report - ADCP Data Analysis at WETS (70m Depth)

The time series, Figure 3-7, indicates typical wave heights are approximately 1.0 — 2.0m with
peak periods of 6-8s from an east-northeast direction indicative of trade wind generated swell.
The wave height of 2.0 — 3.0m, peak direction from the north, and longer wave periods on
October 24 and 25, 2017 are indicative of the arrival of the first north swell arriving for the
winter season. The swell events from October 4 — 8 and October 15 -20, 2017 are large trade
wind driven events.

The wave height rose shown in Figure 3-8, and Table 3-5, indicates waves from an east and
northeasterly direction (0° - 90°) occurred 85% of the time. Waves were greater than 1.0m, 86%
of the time. The average wave height was 1.55m and maximum wave height was 3.61m.

The period rose shown in Figure 3-9, and Table 3-6, show the mean peak period was 8.99
seconds and the maximum period was 20.50 seconds.

15
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Significant Wave Height (Hs) from Sentinel V100 ADCP
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Figure 3-7 Wave Height, Peak Period, and Peak Direction
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Wave Height Rose from WETS (70m Depth)
September 01, 2017 -- November 07, 2017

Wave Height (m)
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Figure 3-8 Wave Height Rose
Table 3-5 Wave Height Frequency of Occurrence
Wave Total % by Direction in Deg
Height, m| 0° |22.5°| 45° |67.5°| 90° |112.5°| 135° (157.5°| 180° | 202.5°| 225° | 247.5° | 270°|292.5° | 315° | 337.5°| Total %
0.00 -0.33 0.00
0.33 -0.67| 0.74 0.31 0.06 0.19 0.06 0.06 0.12| 1.55
0.67 -1.00f 2.90 1.67 155 2.53 1.73 0.12 0.12 0.06 0.19 0.06 0.06 1.55| 12.55
1.00 -1.33 3.34 3.83 - 3.34 037 0.12 0.19 019 0.06 0.19 0.19 0.43 3.52| 28.06
1.33 -1.67 3.09 3.65 4.08 2.72 0.37 0.06 0.06 0.06 0.25 0.25 0.31 241 23.67
1.67 -2.00 216 235 155 0.62 0.12 0.06 0.06 0.12 0.12 0.06 1.98] 13.91
2.00 -2.33| 2.10 2.29 1.67 1.67 0.37 0.06 0.06 0.06 0.37| 8.65
2.33 -2.67| 0.87 1.73 198 1.17 031 0.12 0.06 0.25| 6.49
2.67 -3.00| 0.93 1.05 1.42 0.49 0.12 4.02
3.00 -4.00| 0.25 0.25 0.37 0.25 1.11
4.00 -5.00 0.00
Total % |24.47(15.88|16.87|18.60(9.27| 1.24 [ 0.31| 0.00 | 0.43| 0.31 (0.62| 0.68 [0.00( 0.19 [0.93| 10.20| 100.00
Mean |154(1.71|174]|1.49|1.34| 1.40 |1.58] 0.00 |1.23| 1.14 |[1.33| 1.47 |0.00{ 1.26 | 1.32] 1.39 | 1.55
StDev | 0.54 | 0.63 | 0.63 | 0.55|0.42| 0.47 [0.51| 0.00 [0.31| 0.18 | 0.36| 0.46 [0.00| 0.08 | 0.27| 0.41 | 0.56
Min 0.520.59| 0.65] 0.63 |0.60| 0.63 |1.07| 0.00 |0.88| 0.99 |[0.86| 0.87 |0.00{ 1.18 | 0.97| 0.61 | 0.52
Max 3.22|3.61 | 3.24| 3.3412.92| 2.45 [2.32| 0.00 [1.69| 1.43 |1.87| 2.58 [0.00| 1.33 | 2.00| 2.66 | 3.61
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Period Rose from WETS (70m Depth)
September 01, 2017 -- November 07, 2017

Period(sec)
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: | B 1200-14.00
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B &.00-10.00
[ [

E.DUTH o600

Figure 3-9 Period Rose

Table 3-6 Wave Period Frequency of Occurrence

Wave Total % by Direction in Deg
period,s [ 0° [22.5°| 45° |67.5°| 90° 337.5°| Total %
4-6 043 043 049 099 0.49 0.56 | 3.52
6-8 2.35 3.89 5.44 0.25 0.25 0.43 0.74 | 30.04
8-10 0.43 3.09| 35.48
10 -12 2.53 1.30 24.60
12 -14 5.75
14 -16 0.37
16 -18 0.19
18 -20 0.00
20 -22 0.06

Total % | 24.47 15.88 16.87 18.60 9.27 1.24 031 0.00 043 0.31 0.62 0.68 0.00 0.19 0.93 10.20| 100.00
Mean |10.31 9.16 848 7.91 7.84 7.79 7.80 0.00 791 886 7.54 6.58 0.00 7.00 9.61 9.89 | 8.99
StDev | 1.91 1.8 156 1.16 1.31 092 044 000 242 428 164 067 000 069 145 1.81| 192
Min 520 470 450 4.80 520 6.20 7.20 0.00 6.30 6.60 6.20 540 0.00 6.20 7.60 5.10 | 4.50
Max 14.60 20.50 16.50 11.40 14.60 9.70 8.40 0.00 13.10 16.50 11.40 7.60 0.00 7.40 12.50 13.10| 20.50
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1. INTRODUCTION

The area north of the Mokapu Peninsula, adjacent to Kane‘ohe Marine Corps Base Hawai‘i
(MCBH), has been utilized by the U.S. Navy for wave energy research since 2002. Prototype
wave energy converters (WEC) are being tested at the 30m, 60m, and 80m berths offshore of
North Beach at the MCBH. The Hawai‘i National Marine Renewable Energy Center
(HNMREC) at the University of Hawai‘i under contract with Department of Energy and the U.S.
Navy, operates the test site.

Sea Engineering has been contracted by the HNMREC to conduct site investigations in support
of the test site. One of these investigations is to determine wave climate and current
characteristics at the site.

The project location within the state of Hawai‘i is shown in Figure 1-1. The test site is 1600m to
2000m wide and extends approximately 2600m offshore from the 30m depth contour to the
approximate 100m depth contour.

Wave Energy Test Site (WETS)

m Moloka'i

Oaahu EHW Man

i

Lana’i ™

!
L

Kaho'olawe

Hawai'i

Figure 1-1 Project Location

In collaboration with HNMREC, Sea Engineering Inc. has deployed a Teledyne RDI Sentinel
V100 Acoustic Doppler Current Profiler (ADCP) in the Wave Energy Test Site (WETS) since
November 2014. Deployments were at the 30m site and the Waverider buoy from 2014 to 2016.
In December 2016, the ADCP was deployed at the 70m depth between the 60m and 80m sites.
Figure 1-2 shows the deployment location of the ADCP at 70m depth.

Table 1-1 shows the ADCP deployment schedule and the coordinates of the deployments.
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Figure 1-2 WETS 70m Depth Deployment Location
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Table 1-1 ADCP Deployment Schedule and Locations

Deployment Task Retrieval Task | Location Coordinates Depth [ Comment
Date Date
Previous ° 1 "
Near 21°28'39.1813" N
WETS 4A . 78
11/13/2014 Funding 2/26/2015 Waverider | 157° 44' 56.3008" W | """
Near 21°28'39.1813" N
2/26/201 4A 4/201 4B . 78
/26/2015 6/4/2015 Waverider | 157° 44' 56.3008" W m
21°27'56.1738" N
4B 4C 30m Sit 31
7/6/2015 10/14/2015 m Site 157° 45' 5.0563" W m
21°27'55.9741" N
4C 4D 30m Sit 31
10/19/2015 1/13/2016 m Site 157° 45' 4.1280" W m
Data lost to
21°27'55.9801" N
4D 1H 30m Sit 31
1/14/2016 8/3/2016 mSite | o4t 4 9739" W m memory
card failure
Between ° 1 n
21°28'30.8115" N
4E 4G 60 d 70 N ADCP
12/6/2016 4/14/2017 80r~rnn:i?es 157° 4527 6232" W m ew
Tug to
B1 secured 4F B1 secured 4F -- -- - secure
unanchored
B1 float
Between ° 1 n
21°28'30.2881" N
4/15/17 4G 8/2/2017 4H 60m and . " 69m
80m Sites 157°45'28.3139" W
Between o 9q! " Adjusted
21°28'30.1335" N
8/3/2017 4H 12/18/2017 | 4l 60m and o \ 69m | mount on 9-
30m Sites 157° 45'29.3408" W 1-2017
Could not
Between ° ’ ” .
21° 28’ 30.8004” N reinstall do
41 1N/4) 60 d 69 .
12/19/2017 3/26/2018 / somote. | 157° 45’ 31.8493” W ™ | to electrical
malfunction
4) Task remaining
4K Task remaining
4L Task remaining
aM Task remaining

Task 4F was used to secure the B1 surface float.

The Sentinel V100 ADCP uses a vertical acoustic beam to measure the distance to the water
surface. Sound waves reflect off the water surface and the time a reflection takes to return to the
ACDRP is used to determine the distance to the surface. Accurate wave statistics can be
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computed from the measured water surface elevation record. An ADCP relies on the Doppler
effect to determine the water currents through the water column. The direction of current can be
determined by using three or four acoustic beams. The acoustic reflection of a beam that is up
current from the ACDP will arrive before the reflection of down current acoustic reflection. The
analysis of the reflection return timing of multiple beams, allows the calculation the direction of
waves and currents.



REPORT: Task 4J Report - ADCP Data Analysis at WETS (70m Depth)

3

2. TELEDYNE RDI SENTINEL V100 SETUP

The Sentinel V100 was programmed to measure both waves and currents. ReadyV software
from Teledyne RDI was used to program the Sentinel V100 ADCP. The software calculates the
available battery resources and data storage for desired measurement profiles. The custom wave
and current measurement profiles have the following settings:

Table 2-1 Profile Parameters

Waves Measurement Current Measurement
Profile Profile
Ping Interval (seconds) 0.5 1
Number of Pings 2300 300
Range (meters) 75 75
Cell Size (meters) 1.0 1.0
Duration(minutes) 19.166 5

The wave measurement occurs once per hour over a 19 minute and 10 seconds period. Current
measurements occur over a 5-minute period 30 minutes after the start of the wave measurements.
This setup was chosen to accommodate a deployment duration of approximately 90 days. The
lithium batteries have a capacity of 2130 watt-hours.
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3. SENTINEL V100 DATA

The recorded wave and current data for the deployment period required 10.3 GB of data storage;
the wave data comprised 9.2 GB. Teledyne RDI provides multiple software options to display
and process the data. The primary data viewing and processing software is Velocity.

The direction that the Sentinel V100 ADCP references is magnetic north. These readings were
converted to a true north reference using the magnetic declination values for the location of the
ADCP on Oahu. The magnetic declination for WETS is 9.55° East.

Table 1-1 shows the ADCP deployment schedule and the coordinates of the deployment. This
report presents data from the most recent deployment from December 19, 2017 to March 26,
2018.
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3.1 Currents

Velocity software was used to average the current data into half-hour blocks. The water column

was divided into three layers for analysis. Table 3-1, shows the bins and associated water depths
corresponding to the three layers. Near surface data is biased by side lobe interference and is not
included.

Table 3-1 Water Column Layer Divisions

Bins Range from ADCP, Water Depth,
meters meters
Bottom
1-5 3.05-8.05 66 — 62
Layer
Middle |, 3 30.05 -35.05 39-34
Layer
Upper 55 - 60 57.05 — 62.05 12-7
Layer

Figure 3-1 shows the time series of current speed and direction for the three layers of water.
Figure 3-2 shows the time series for current speed and direction for all the bins measured by the
ADCP. The water surface is plotted as a black line on top of the current data. The
measurements above the red line are biased due to side lobe interference. Figure 3-3, Figure 3-4,
and Figure 3-5 are current rose plots for upper, middle, and bottom layers, respectively. Table
3-2, Table 3-3, and Table 3-4 present the percent occurrence of currents speed and direction.

Upper layer current flow is bimodal with currents flowing predominantly towards the east-
southeast and westward. The maximum recorded speed was 0.34 m/s and average speed was 0.1
m/s. Mid-layer currents flow predominantly to the east southeast (occurring 37% of the
deployment duration). The maximum recorded speed was 0.39 m/s and average speed was 0.07
m/s. Bottom layer currents magnitudes are weaker and occur nearly equal frequency in all
directions. The maximum recorded speed was 0.30 m/s and average speed was 0.07 m/s.
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Figure 3-1 Current Speed and Direction for Each Layer
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Current Rose (Upper Layer)

December 19, 2017 -- March 25, 2018

 SOUTH...-T

Figure 3-3 Current Rose for Upper Layer

[l 0200 - 1.200
o175 -0.200
[ 0.150 - 0.175
[Jo.125-0.150
[ 0.100-0.125
[ 0075-0.100
[ 0.050 - 0.075
[l 0.025 - 0.050
[l 0000 - 0.025

Current Speed (m/s)

Table 3-2 Upper Layer Current Frequency of Occurrence
Current Total % by Direction in Deg
Speed, m/s| 0° |22.5°| 45° |67.5°| 90° 112.5"} 135° (157.5°| 180° | 202.5°| 225° (247.5°| 270° |292.5° | 315° | 337.5°| Total %
0.000 -0.025| 0.13 0.13 0.09 0.09 0.09 0.09 0.09 0.09 0.91
0.025 -0.050( 0.35 0.35 0.52 0.52 0.9 130 0.83 126 096 0.83 070 113 1.04 109 0.78 0.56| 13.17
0.050 -0.075| 0.30 0.30 0.70 0.48 2.09 248 191 109 1.13 139 1.83 . 235 1.00 0.65| 23.90
0.075 -0.100 0.13 0.52 2.00 213 0.65 056 0.83 1.87 209 091 0.17| 22.95
0.100 -0.125 1.00 113 026 0.17 0.17 130 217 261 043 0.17]| 16.47
0.125 -0.150 0.96 243 235 039 0.09 026 117 1.00 0.09 8.82
0.150 -0.175 0.48 204 187 017 0.30 091 0.70 6.52
0.175 -0.200 0.09 091 1.22 0.65 0.56 3.48
0.200 -1.200 0.09 143 0.87 0.78 0.52 3.78
Total% [0.87 0.83 1.39 1.83 7.74 18.12 17.34 7.17 3.00 2.74 3.26 6.78 13.08 11.00 3.30 1.56 | 100.00
Mean 0.05 0.05 0.06 0.07 0.09 0.12 0.12 0.08 0.07 0.06 0.07 0.08 0.11 0.10 0.07 0.06 | 0.10
StDev 0.02 0.02 0.02 0.03 0.04 006 0.05 0.04 002 0.02 0.02 0.03 005 0.05 0.03 0.02| 0.05
Min 0.02 0.02 0.03 0.01 002 0.02 0.02 0.02 003 0.03 0.02 0.02 003 0.02 0.02 0.03| 0.01
Max 0.11 0.08 0.16 0.12 028 034 0.31 031 014 0.14 013 0.17 035 0.31 0.14 0.12 | 0.35
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Current Rose (Middle Layer)
December 19, 2017 -- March 25, 2018

EAST Current Speed (m/s))
- [ o200 - 1200
[ 0.175 - 0.200
B 0.150-0.175
[Jo.125-0.150

. Bl o.100-0.125

20% [ 0.075-0.100

._ [ 0.050 - 0.075

: B [l 0.025 - 0.050

soutH .- [ 0000 - 0025

Figure 3-4 Current Rose for Middle Layer
Table 3-3 Middle Layer Current Frequency of Occurrence
Current Total % by Direction in Deg

Speed, m/s | 0° [22.5°| 45° |67.5°| 90° [112.5°| 135° [157.5°| 180° | 202.5° | 225° | 247.5°| 270° | 292.5°| 315° |337.5°| Total %

0.000 -0.025| 0.43 0.65 0.52 0.52 1.13 0.70 0.70 1.09 1.00 0.65 0.78 0.65 0.74 0.61 0.65 0.48] 11.30
0.025 -0.050| 0.87 0.48 0.96 1.00 2.56 226 143 139 135 135 - 235 191 1.00| 27.03
0.050 -0.075| 0.35 0.17 0.35 0.91 196 1.26 0.83 052 096 1.65 248 152 0.39| 23.38
0.075 -0.1004 0.13 0.13 0.13 0.65 19 039 022 022 070 130 1.78 0.78 0.13]| 17.51

0.100 -0.125 0.39 0.35 0.74 0.91 0.26 9.52
0.125 -0.150 222 161 0.30 0.22 0.43 0.26 5.22
0.150 -0.175 1.56 1.13 0.13 0.17 3.17
0.175 -0.200 0.13 0.52 0.39 1.13

0.200 -1.200 0.13 1.00 0.48 1.74
Total % |1.83 1.43 2.00 3.56 7.87 19.43 17.64 8.08 4.17 3.17 291 3.82 7.69 8.87 5.43 2.09 | 100.00
Mean 0.04 0.03 0.04 0.06 0.07 0.10 0.09 0.06 005 0.04 004 0.05 006 0.07 006 0.04]| 0.07
StDev 0.02 0.02 0.02 0.03 0.04 0.05 0.05 003 0.02 0.02 0.02 0.03 0.03 004 0.03 0.02] 0.04
Min 0.01 0.01 0.01 0.01 0.01 0.01 0.01 001 0.01 0.01 0.01 0.01 001 001 0.01 0.01] 0.01
Max 0.12 0.09 0.11 0.16 0.24 0.29 0.39 0.18 0.11 0.11 0.11 0.15 0.17 0.27 0.18 0.11 ] 0.39

13
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Current Rose (Bottom Layer)
December 19, 2017 -- March 25, 2018

15%

 SOUTH...-T

Figure 3-5 Current Rose for Bottom Layer

Table 3-4 Bottom Layer Current Frequency of Occurrence

Current Speed (m/s)
[l 0200 - 1.200
o175 -0.200
[ 0.150 - 0.175
[ ]o125-0.150
[ 0.100-0.125
[ 0075-0.100
[ 0.050 - 0.075
[l 0.025 - 0.050
[l 0000 - 0.025

Current Total % by Direction in Deg
Speed, m/s | 0° |22.5°| 45° |67.5°| 90° |112.5°|135°|157.5°| 180°|202.5°| 225° (247.5°( 270° [ 292.5°| 315° | 337.5°| Total %
0.000 -0.025| 0.61 0.78 0.70 0.56 0.91 0.65 0.30 0.61 0.61 0.48 0.56 0.52 0.43 0.52 091 0.48| 9.65
0.025 -0.050 204 174 135 130 178 1.43 156 1.65 1.65 156 1.87| 29.47
0.050 -0.075 156 096 1.13 1.61 152 09 09 091 126 1.43| 25.73
0.075 -0.100{ O. . 056 035 0.70 1.13 135 056 0.61 0.39 0.48 0.65| 15.34
0.100 -0.125] 0.56 0.61 1.35 1.78 1.00 0.74 061 0.26 026 0.61 070 0.26 0.13 0.13 0.30 0.43]| 9.73
0.125 -0.150 0.30 0.30 0.13| 4.61
0.150 -0.175 2.69
0.175 -0.200 1.35
0.200 -1.200 1.43
Total % |5.78 8.21 10.56 12.08 10.04 7.34 5.08 3.56 4.09 6.04 6.00 4.00 3.87 3.61 4.61 5.13 | 100.00
Mean 0.06 0.07 0.08 0.10 0.08 0.07 0.06 005 0.06 007 0.07 006 005 005 005 0.06| 0.07
StDev 0.04 0.04 0.05 0.06 005 004 0.03 003 0.03 004 0.04 003 003 002 003 003]| 0.04
Min 0.01 0.01 001 001 001 001 0.02 0.01 001 001 0.01 001 001 001 0.01 001]| 0.01
Max 0.21 0.21 0.27 0.27 030 022 0.19 0.13 014 020 0.19 0.17 0.16 0.12 0.16 0.20| 0.30

14
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3.2 Waves

The WavesMon module of Velocity was used to calculate hourly wave statistics. The three
statistics of most importance for wave characterization are the significant wave height (Hs), peak
period (Tp), and peak direction (Dp). The direction that the Sentinel V100 ADCP references is
magnetic north. These readings were converted to a true north reference using the magnetic
declination values for the location of the ADCP on Oahu. The magnetic declination for WETS is
9.55° East. A second program, WavesView, is used to display the spectral data alongside the

wave statistics.

A screenshot of the settings for WavesMon is presented in Figure 3-6.

Quick Setup | Input | Output  Processing | Currents | Expet 1| Bxpert 2 |

What To Process How To Process
Process Save Samples/Burst 2048 -

v [ Velocty Time Series Time Between Bursts 3600 Sec

v I” Surface Time Series

v I~ Pressure Time Series FFT Length

v [V Velocity Spectra Frequency Bands

v [V Surface Spectra

v [V Pressure Specira Lower Freq Threshold |0-930000

V ¥ Directional Spectra Upper Freq Threshold v [0.95000 s |0.95000 p [0.50000
v ¥ Wave Parameters

ADCP Environment
ADCP Depth

[V Transducer Altitude IBD cm
I~ Force Fixed Depth |-3 om
I~ Depth Comection | mm

(¥ Pressure Sensor
" Surface Track

~ ADCP Heading
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Figure 3-7 shows the time series of significant wave height, peak period, and peak direction for
the deployment. Figure 3-8 shows the wave height rose which is dominated by the trade wind
driven waves from the northeast with shorter periods and longer period swell from the north.
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Table 3-5 presents the percent frequency of wave height and direction. Figure 3-8 presents the
wave period rose.

Table 3-6 presents the percent frequency of wave peak period and direction.

The time series, Figure 3-7, indicates typical wave heights are approximately 1.0 — 2.0m with
peak periods of 6-8s from an east-northeast direction indicative of trade wind generated swell.
The wave height of 2.0 — 3.0m, and peak direction from the east, and shorter wave periods are
indicative of a strong trade wind period from January 17 -20, 2018. A north swell event is
recorded December 19 — 21, 2018 with waves from the north and longer period waves.

The wave height rose shown in Figure 3-8, and Table 3-5, indicates waves from an east and
northeasterly direction (0° - 90°) occurred 86% of the time. Waves were greater than 1.0m, 95%
of the time. The average wave height was 1.77m and maximum wave height was 3.72m.

The period rose shown in Figure 3-9, and Table 3-6, show the mean peak period was 9.77
seconds and the maximum period was 19.0 seconds.
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Significant Wave Height (Hs) from Sentinel V100 ADCP
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Figure 3-7 Wave Height, Peak Period, and Peak Direction
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Wave Height Rose from WETS (70m Depth)

December 19, 2017 -- March 25, 2018

Wave Height (m)
2050
B :o0-400
sz
- 10% B 233267
e [ 200-233
20, []1e7-200
B 133167
I [ 100-133
Bl os7-1.00
Bl oz:-os7
lllllllll souTH o0
Figure 3-8 Wave Height Rose
Table 3-5 Wave Height Frequency of Occurrence
Wave Total % by Direction in Deg
Height, m| 0° [22.5°| 45° |67.5°| 90° |112.5°| 135°|157.5°| 180° | 202.5° | 225° | 247.5° | 270° | 292.5°| 315° | 337.5°| Total %
0.00 -0.33 0.00
0.33 -0.67 0.04 0.17 0.04 0.09] 0.35
0.67 -1.00] 0.61 0.26 0.43 1.43 0.39 0.09 1.04| 4.24
1.00 -1.33| 3.37 1.25 2.38 3.85 2.03 0.04 0.04 0.17 0.13 0.04 0.13 0.35 2.59| 16.38
1.33-1.67| 579 3.11 3.76. 264 009 004 004 009 0.04 0.04 017 009 017 294 27.18
1.67 -2.00| 4.88 2.94 4.58 1.34 0.04 0.09 0.04 0.09 0.09 0.17 2.64| 22.43
2.00 -2.33| 2.07 2.20 246 3.37 061 0.04 0.04 0.04 0.04 134 12.23
233 -2.67| 3.15 2.16 1.47 2.03 0.56 0.13 0.35] 9.85
2.67 -3.00] 0.95 1.47 1.17 1.04 0.30 0.04 0.09| 5.06
3.00 -4.00| 0.13 0.48 065 078 0.17 0.09| 229
4.00 -5.00 0.00
Total % |20.96|13.87(16.94|26.36( 8.08| 0.17 [0.13| 0.04 | 0.39| 0.26 | 0.09| 0.00 | 0.30( 0.43 | 0.82| 11.15| 100.00
Mean |1.79|1.98|1.85|1.74|166| 1.62 |1.53| 1.52 | 1.47| 1.54 |1.31| 0.00 |1.70| 1.77 | 1.41| 156 | 1.77
StDev | 0.50 | 0.55 | 0.55 | 0.55 | 0.52| 0.34 |0.29| 0.00 |0.30| 0.51 |0.07| 0.00 [0.20| 0.49 |0.47| 0.45 | 0.54
Min | 0.68|0.76| 0.54]| 0.62|0.66| 1.31 |1.22| 1.52 | 1.06| 1.05 | 1.26] 0.00 | 1.53| 1.23 [0.86| 0.64 | 0.54
Max 3.27 | 3.72( 3.35| 3.60 | 3.45| 2.09 [1.79| 1.52 |2.04| 2.31 | 1.36| 0.00 | 2.07| 2.44 |2.83] 3.01 | 3.72
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Period Rose from WETS (70m Depth)
December 19, 2017 -- March 25, 2018

EAST:

Figure 3-9 Period Rose
Table 3-6 Wave Period Frequency of Occurrence

Period(sec)
[l 20002200
Il 1e.00-2000
[ 16.00-18.00
[] 14.00-16.00
B 12.00- 1400
[ 10.00-12.00
B .00 - 10.00
Il coo-co0
I 200600

Wave Total % by Direction in Deg

period,s | 0° [22.5°] 45° | 67.5°| 90°
4-6 [026 017 035 030 0.04
6-8 |100 1.25 3.24. 3.76
8-10 | 3.63 3.07 6.87 3.28
10-12 [ 994 579 566 562 095
12-14 | 540 272 056 017 0.04
14-16 | 065 0.73
16 -18
18 -20
20-22
Total % |20.96 13.87 16.94 26.36 8.08 0.7 0.3 0.04 039 0.26 0.09 0.00 0.30

0.04

337.5°

Total %

0.17
0.78
0.04 0.13 1.77
0.04 039 6.74
l.64
0.04

0.43 0.82 11.15

1.43
19.14
31.50
35.35
10.72
1.69
0.13
0.04
0.00
100.00

Mean |11.06 10.81 9.34 871 826 7.53 7.30 10.00 6.98 7.33 7.05 0.00 8.47
StDev [1.92 219 176 139 1.27 123 2.08 0.00 190 0.94 0.78 0.00 210
Min 480 520 540 520 590 6.60 6.00 10.00 540 6.50 6.50 0.00 5.50

7.89 10.23 10.63
238 191 164
6.30 7.20 5.40

Max |19.00 16.50 15.50 13.80 12.50 9.30 9.70 10.00 11.40 8.70 7.60 0.00 11.40 12.50 12.50 14.60

9.77
2.04
4.80
19.00
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1. INTRODUCTION

The area north of the Mokapu Peninsula, adjacent to Kane‘ohe Marine Corps Base Hawai‘i
(MCBH), has been utilized by the U.S. Navy for wave energy research since 2002. Prototype
wave energy converters (WEC) are being tested at the 30m, 60m, and 80m berths offshore of
North Beach at the MCBH. The Hawai‘i National Marine Renewable Energy Center
(HNMREC) at the University of Hawai‘i, under contract with Department of Energy and the
U.S. Navy, operates the test site.

Sea Engineering has been contracted by the HNMREC to conduct site investigations in support
of the test site. One of these investigations is to determine wave climate and current
characteristics at the site.

The project location within the state of Hawai‘i is shown in Figure 1-1. The test site is 1600m to
2000m wide and extends approximately 2600m offshore from the 30m depth contour to the
approximate 100m depth contour.

Wave Energy Test Site (WETS)

m Moloka'i

Oaahu EHW Man

i

Lana’i ™

!
L

Kaho'olawe

Hawai'i

Figure 1-1 Project Location

In collaboration with HNMREC, Sea Engineering Inc. has deployed a Teledyne RDI Sentinel
V100 Acoustic Doppler Current Profiler (ADCP) in the Wave Energy Test Site (WETS) since
November 2014. Deployments were located at the 30m site and the Waverider buoy from 2014
to 2016. In December 2016, the ADCP was deployed at the 70m water depth between the 60m
and 80m sites.  Figure 1-2 shows the deployment location of the ADCP at 70m depth.

Table 1-1 shows the ADCP deployment schedule and the coordinates of the deployments.
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' 70m ADCP Deployment 2018/11/30

Figure 1-2 WETS 70m Depth Deployment Location
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Table 1-1 ADCP Deployment Schedule and Locations

Deployment Task Retrieval Task | Location Coordinates Depth | Comment
Date Date
Previous ° 1 "
Near 21°28'39.1813" N
WETS 4A . 78
11/13/2014 Funding 2/26/2015 Waverider | 157° 44' 56.3008" W | '~
Near 21° 28'39.1813" N
2/26/2015 | 4A | 6/4/2015 | 4B |\ otider | 157° 44' 56.3008" W | (o™
. 21°27'56.1738" N
7/6/2015 4B 10/14/2015 4C 30m Site 157° 45' 5.0563" W 31m
. 21°27'55.9741" N
10/19/2015 4C 1/13/2016 4D 30m Site 157° 45" 4.1280" W 31m
Data lost to
21° 27'55.9801" N
1/14/2016 4D 8/3/2016 1H 30m Site o " 31m memory
157°45'4.9739" W card failure
Between ° 1 "
21°28'30.8115" N
4E 4G 60 d 70 N ADCP
12/6/2016 4/14/2017 80r:1;?es 157° 4527 6232" W m ew
Tug to
B1 secured 4F B1 secured 4F -- - -- un:iiﬁ;ered
B1 float
Between ° 1 "
21°28'30.2881" N
4/15/17 4G 8/2/2017 4H 60m and . " 69m
80m Sites 157° 45'28.3139" W
Between o 9q! " Adjusted
21°28'30.1335" N
8/3/2017 4H | 12/18/2017 | 4l 60m and o \ 69m | mount on 9-
30m Sites 157° 45'29.3408" W 1-2017
Could not
Between ° ’ ” .
21° 28 30.8004” N reinstall due
4] 1N/4) 60 d 69 .
12/19/2017 3/26/2018 / somote. | 157° 45’ 31.8493” W ™ | to electrical
malfunction
Between ° ' "
21°28'31.0428" N
6/18/2018 4) 11/29/2018 | 4K 60m and o pc " 70m
30m Sites 157° 45' 25.3122"W
4L Task remaining
aM Task remaining

Task 4F was used to secure the B1 surface float.

The Sentinel V100 ADCP uses a vertical acoustic beam to measure the distance to the water
surface. Sound waves reflect off the water surface and the time a reflection takes to return to the
ACDRP is used to determine the distance to the surface. Accurate wave statistics can be
computed from the measured water surface elevation record. An ADCP relies on the Doppler
effect to determine the water currents through the water column. The direction of current can be

3
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determined by using three or four acoustic beams. The acoustic reflection of a beam that is up
current from the ACDP will arrive before the reflection of down current acoustic reflection. The
analysis of the reflection return timing of multiple beams, allows the calculation the direction of
waves and currents.
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2. TELEDYNE RDI SENTINEL V100 SETUP

The Sentinel V100 was programmed to measure both waves and currents. ReadyV software
from Teledyne RDI was used to program the Sentinel V100 ADCP. The software calculates the
available battery resources and data storage for desired measurement profiles. The custom wave
and current measurement profiles have the following settings:

Table 2-1 Profile Parameters

Waves Measurement Current Measurement
Profile Profile
Ping Interval (seconds) 1.3 1
Number of Pings 2300 300
Range (meters) 75 75
Cell Size (meters) 1.0 1.0
Duration(minutes) 28 5

The wave measurement occurs once per hour over a 28 minute period. The ping interval
parameter changed from 0.5s. The result of this change are that the minimum included wave
period is 1.5s. Current measurements occur over a 5-minute period 30 minutes after the start of
the wave measurements. This setup was chosen to accommodate a deployment duration of
approximately 90 days. The lithium batteries have a capacity of 2130 watt-hours.
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3. SENTINEL V100 DATA

Teledyne RDI provides multiple software options to display and process the data. The primary
data viewing and processing software is Velocity.

The direction that the Sentinel V100 ADCP references is magnetic north. These readings were
converted to a true north reference using the magnetic declination values for the location of the
ADCP on Oahu. The magnetic declination for WETS is 9.55° East.

3.1 Currents

Velocity software was used to average the current data into half-hour blocks. The water column

was divided into three layers for analysis. Table 3-1, shows the bins and associated water depths
corresponding to the three layers. Near surface data is biased by side lobe interference and is not
included.

Table 3-1 Water Column Layer Divisions

Range from ADCP, Water Depth,
Bins meters meters
Bottom Layer 1-5 3.05 -7.05 64.69 -60.69
Middle Layer 27 -32 29.05 -34.05 38.69 -33.69
Upper Layer 54 -59 56.05 -61.05 11.69 -6.69

Figure 3-1 shows the time series of current speed and direction for the three layers of water.
Figure 3-2 shows the time series for current speed and direction for all the bins measured by the
ADCP. The water surface is plotted as a black line on top of the current data. The
measurements above the red line are biased due to side lobe interference. Figure 3-3, Figure 3-4,
and Figure 3-5 are current rose plots for upper, middle, and bottom layers, respectively. Table
3-2, Table 3-3, and Table 3-4 present the percent frequency of occurrence of currents speed and
direction.

Upper layer current flow is predominantly westward. The maximum recorded speed was 0.32
m/s and average speed was 0.12 m/s. Mid-layer currents flow predominantly to the east southeast
(occurring 40% of the deployment duration). The maximum recorded speed was 0.34 m/s and
average speed was 0.08 m/s. Bottom layer currents magnitudes are weaker and occur at nearly
equal frequency in all directions. The maximum recorded speed was 0.25 m/s and average speed
was 0.06 m/s.
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Figure 3-1 Current Speed and Direction for Each Layer
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Current Rose (Upper Layer)
June 18,2018 -- September 04, 2018

Current Speed (m/s)
I 0.302-0.340
Il 0264-0302
[ 0.227 - 0.264
[Jo1ss-0.227
[ 0.151-0.189
[ 0.113-0.151
Bl 0076-0.113
Il co38-0076
i 0.000-0.038

08, BT ;

Figure 3-3 Current Rose for Upper Layer
Table 3-2 Upper Layer Current Frequency of Occurrence

Current Total % by Direction in Deg
Speed, m/s| 0° |22.5°| 45° [67.5°| 90° |112.5°| 135°|157.5°| 180° [ 202.5°| 225° | 247.5°| 270° (292.5°| 315° |337.5°| Total %
0.000 -0.038] 0.03 0.11 0.03 0.05 0.05 0.03 0.05] 0.35
0.038 -0.076] 1.02 0.64 0.61 0.35 0.51 0.53 1.15 246 337 1.79 123 094 0.72 096 134 1.42| 19.02
0.076 -0.113] 0.75 0.43 0.77 0.40 1.10 1.52 3.34- 355 091 1.07 224 3.77 1.87] 37.91
0.113 -0.151 0.05 0.05 0.08 0.13 0.83 2.08 2.03 0.51 0.35 0.37 1.02 1.50 0.11] 20.97
0.151 -0.189 0.03 0.32 0.48 0.59 0.27 0.08 0.48 0.21 11.03

4.27

0.189 -0.227 0.16 0.56 0.08 0.08 0.05 3.53 6.87
0.227 -0.264 0.13 0.08 1.18 2.99
0.264 -0.302 0.11 0.27 0.69

0.302 -0.340 0.16

Total % |1.79 1.23 1.47 0.83 1.76 3.50 7.83 10.74 7.83 3.05 2.75 4.92 19.53 22.50 6.84 3.45 | 100.00

Mean 0.07 0.07 0.08 0.08 0.09 0.12 0.12 0.10 0.08 0.08 0.09 0.11 0.15 0.15 0.10 0.08 | 0.12
StDev 0.01 0.02 0.02 0.02 0.02 0.05 004 0.03 003 0.02 003 0.04 0.05 0.05 003 0.02] 0.05
Min 0.04 0.03 0.03 0.05 0.04 0.04 0.04 0.03 0.03 0.04 004 0.04 0.05 0.04 004 0.03]| 0.03
Max 0.10 0.12 0.12 0.12 0.17 0.25 0.26 0.21 0.20 0.15 0.16 0.28 0.32 0.29 0.19 0.13 ] 0.32
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Current Rose (Middle Layer)
June 18, 2018 -- September 04, 2018

Figure 3-4 Current Rose for Middle Layer
Table 3-3 Middle Layer Current Frequency of Occurrence

Current Speed (m/s))
I 0302 -0.340
Il o264-0302
B 0227 -0.264
[]o.189-0227
[ 0.151 -0.188
[]o113-0.151
Bl cove-0.113
Il oo3e-0078
I 0.000-0.038

Current Total % by Direction in Deg
Speed, m/s| 0° [22.5°| 45° |67.5°| 90° |112.5°| 135° [157.5°| 180° [ 202.5° | 225° | 247.5° | 270° | 292.5° | 315° | 337.5°| Total %
0.000 -0.038| 1.18 1.20 0.88 1.31 1.68 2.11 214 1.18 1.18 1.07 096 1.28 1.47 147 094 0.88| 20.92
0.038 -0.076| 0.80 0.56 0.91 1.47 3.29 219 099 115 144 254 219 179 1.26| 35.56
0.076 -0.113 0.03 0.13 0.48 2.70 305 080 021 021 029 1.04 163 0.99 053] 23.75
0.113 -0.151 0.05 1.26 3.66 3.82 1.15 0.13 0.11 0.03 0.11 0.21 0.85 0.37 0.05| 11.84
0.151 -0.189 0.03 0.48 1.58 1.79 0.48 0.05 0.16 0.08 0.13 4.78
0.189 -0.227 0.08 1.79
0.227 -0.264 0.83
0.264 -0.302 0.40
0.302 -0.340 0.13
Total % 2.00 1.79 1.92 3.34 10.53 19.61 20.79 9.22 4.35 2.38 2.35 3.13 5.42 6.22 4.22 2.73 | 100.00
Mean 0.04 0.03 0.04 0.05 0.08 0.10 0.10 0.08 0.06 0.05 0.04 0.05 0.06 0.07 0.07 0.05| 0.08
StDev 0.02 0.02 0.02 0.03 0.04 005 0.06 004 003 003 002 0.03 003 0.04 0.04 0.03| 0.05
Min 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01| 0.00
Max 0.11 0.08 0.09 0.17 0.22 033 0.34 022 016 0.15 0.13 0.15 0.19 0.19 0.16 0.14| 0.34

10
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Current Rose (Bottom Layer)
June 18, 2018 -- September 04, 2018

EAS

15

Figure 3-5 Current Rose for Bottom Layer

Table 3-4 Bottom Layer Current Frequency of Occurrence

Current Speed (m/s)
: Ml o302-0340
[ o=264-0302
[ 0.227 - 0.264
[Jo.sg-0227
[ 0.151 -0.189
[ o.113-0.151
Il 0.076-0.113
Il co3s-0076
Il 0.000 -0.038

Current Total % by Direction in Deg
Speed, m/s | 0° [22.5°| 45° |67.5°| 90° |112.5°| 135°|157.5°| 180° | 202.5°| 225° | 247.5°| 270° | 292.5° | 315° | 337.5°| Total %
0.000 -0.038| 1.66 2.19 2.19 2.08 2.11 195 1.92 158 2.00 232 168 219 1.63 222 190 1.84| 31.47
0.038 -0.076| 2.62 254 262 264 289 286 286 2.06 1.36 2.11 2.43| 45.15
0.076 -0.113| 1.07 1.39 1.66 2.14 1.76 1.10 094 0.80 131 1.02 1.50 0.67 0.72 0.43 0.53 0.61| 17.63
0.113 -0.151| 0.27 0.35 0.53 0.69 048 040 0.29 0.35 0.19 0.21 0.24 0.29 0.03 0.08 0.16| 4.57
0.151 -0.189] 0.05 0.08 0.21 0.24 0.21 0.03 0.03 0.05 0.03 0.05 0.03| 1.02
0.189 -0.227 0.05 0.11
0.227 -0.264 0.05
0.264 -0.302 0.00
0.302 -0.340 0.00
Total % |5.66 7.75 8.52 8.44 858 6.81 572 534 620 647 631 6.06 441 4.03 4.62 5.08 | 100.00
Mean 0.06 0.06 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.05 0.06 0.05 0.05 0.04 0.05 0.05| 0.06
StDev 0.03 0.03 0.04 0.04 0.03 0.03 003 0.03 0.03 0.03 0.03 0.03 002 0.02 0.02 003| 0.03
Min 0.01 0.01 0.01 001 0.01 0.01 001 0.01 001 001 0.01 001 001 0.01 001 0.01}| 0.01
Max 0.18 0.18 0.22 0.25 0.17 0.16 0.18 0.15 0.16 0.16 0.20 0.17 0.11 0.11 0.13 0.15| 0.25
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SE

3.2 Waves

The WavesMon module of Velocity was used to calculate hourly wave statistics. The three
statistics of most importance for wave characterization are the significant wave height (Hs), peak
period (Tp), and peak direction (Dp). The direction that the Sentinel V100 ADCP references is
magnetic north. These readings were converted to a true north reference using the magnetic
declination values for the location of the ADCP on Oahu. The magnetic declination for WETS is
9.55° East. A second program, WavesView, is used to display the spectral data alongside the
wave statistics.

A screenshot of the settings for WavesMon is presented in Figure 3-6. The peak direction of the
processed wave data had a lot of variation with 256 frequency bands. The data was reprocessed
with 128 frequency bands allow more averaging in each band as opposed to the 246 bands show
in Figure 3-6.

Quick Setup | Input | Output  Processing | Currents | Expet 1| Bxpert 2 |

What To Process How To Process
Process Save Samples/Burst 2048 -
v [ Velocty Time Series Time Between Bursts 3600 Sec
v I” Surface Time Series
v ™ Pressure Time Series FFT Length
v [V Velocity Spectra Frequency Bands
v [V Surface Spectra
v [V Pressure Spectra Lower Freq Threshold |0,D3{}000
Vv ¥ Directional Spectra Upper Freq Threshold v [0.95000 5 [0.95000 p [0.50000
v [V Wave Parameters
# of Angles |90 b I
ADCP Environment
ADCP Depth Depth Cells Used For Waves
[V Transducer Altitude IBD cm [V Auto Depth Cell Selection (Top 3)
. Bottom I : B At
I Force Fixed Depth |- om Slope =
I~ Depth Comection | mm oA
Depth From (* Pressure Sensor Scan | Depth Cells Available
" Surface Track I
- ADCP Heading ' |
I~ Force Fixed Heading IC degrees lt‘a?ht Spectra Depth Cells
[V Magnetic Variation |9‘55| degrees =
™ Force Fixed Pitch 0.0 e Directional Spectra Depth Cells

[9_11,1?

I~ Force Fixed Roll | 0.0 degrees

Figure 3-6 WavesMon Processing Tab
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Figure 3-7 shows the time series of significant wave height, peak period, and peak direction for
the deployment. Figure 3-8 shows the wave height rose which is dominated by the trade wind
waves from the northeast with periods of 6 to 10 seconds.

Table 3-5 presents the percent frequency of wave height and direction. Figure 3-8 presents the
wave period rose. Table 3-6 presents the percent frequency of wave peak period and direction.

The time series (Figure 3-7) indicates typical wave heights are approximately 1.0 — 2.0m with
peak periods of 6-8s from an east-northeast direction indicative of trade wind generated swell.
The wave height of 2.0 — 3.0m, and peak direction from the east, and shorter wave periods are
indicative of a strong trade wind periods.

The wave height rose shown in Figure 3-8, and Table 3-5, indicate waves from an east and north
direction (0° - 90°) occurred 87% of the time. Waves were greater than 1.0m, 87% of the time.
The average wave height was 1.44m and maximum wave height was 2.83m.

The period rose shown in Figure 3-9, and Table 3-6, show the mean peak period was 7.78
seconds and the maximum period was 16.70 seconds.
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Significant Wave Height (Hs) from Sentinel V100 ADCP
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Figure 3-7 Wave Height, Peak Period, and Peak Direction

14




REPORT: Task 4K Report - ADCP Data Analysis at WETS (70m Depth)

Wave Height Rose from WETS (70m Depth)
June 18, 2018 - September 04, 2018

Wave Height (m)
Bl 200500
o200
e300
10% B 2::-287
0% []167-200
B 133-167
[ 100-133
Bl o67-1.00
o087

souH. . Bl cco-033

Figure 3-8 Wave Height Rose
Table 3-5 Wave Height Frequency of Occurrence

Wave Total % by Direction in Deg

Height,m| 0° [22.5°] 45° [67.5°] 90° [112.5°[135°[157.5°] 180°[202.5°] 225° [ 247.5°] 270°[292.5° 315°[337.5°[ Total %
0.00 -0.33 0.00
0.33-0.67/ 032 027 059 027 048 0.16 0.05 021] 235
0.67-1.00{ 091 1.82 214 198 128 037 032 021 0.05 0.16 0.05 021 032] 983
1.00 -1.33| 2.88 3.95- 422 134 085 016 0.6 005 0.69 032 053 011 027 0.85| 31.04
1.33 -1.67| 2.46 3.79 438 075 0.43 0.16 005 016 059 0.21 0.11 0.64| 30.56
1.67-200[1.23 192 534 545 198 027 0.16 0.05 0.11 0.05 0.16 0.21] 16.93
2.00-2.33/ 0.11 053 256 3.15 075 0.1 0.05 7.26
2.33 -2.67 021 048 048 021 0.16 0.05 1.60
2.67 -3.00 011 021 0.05 0.05 0.43
3.00 -4.00 0.00
4.00 -5.00 0.00

Total % | 7.91|12.50(26.07|28.15(13.35| 3.15 | 1.82| 0.69 | 0.27| 0.21 | 1.07| 1.07 |0.80| 0.11 [0.59| 2.24 | 100.00

Mean [1.33|1.37]|1.49]152]|141| 1.34 [1.28] 1.38 |1.41| 1.07 | 1.22]| 1.41 |1.27| 1.08 | 1.09] 1.23 | 1.44

StDev |0.34| 0.38| 0.41| 0.40| 0.39| 0.44 | 0.39]| 0.50 | 0.39]| 0.39 | 0.19| 0.22 | 0.20| 0.00 | 0.23| 0.33 | 0.40

Min 0.47] 0.50) 0.54 | 0.57 | 0.54| 0.52 [0.72| 0.70 [ 1.09] 0.55 [0.92] 1.02 | 0.95] 1.08 | 0.79| 0.59 | 0.47

Max 2.15| 2.60| 2.76 | 2.83 | 2.67 | 2.57 | 2.76] 2.34 [1.90( 1.45 | 1.67| 1.76 [1.65( 1.08 | 1.49]| 1.81 | 2.83
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Period Rose from WETS (70m Depth)
June 18, 2018 -- September 04, 2018

Period(sec)
. | _ _ i [ o000-2200
10% Bl coo-2000
S [ eo0-1800
0% [] 1400-16.00
- : B 1200-14.00
[ 10.00-12.00
B &.00-10.00
-

EDUTH Il :co-600

Figure 3-9 Period Rose

Table 3-6 Wave Period Frequency of Occurrence

Wave Total % by Direction in Deg

20 -22

Total % | 7.91 12.50 26.07 28.15 13.35 3.15 1.82 0.69 0.27 0.21 1.07 1.07 0.80 0.11 0.59 2.24

Period,s | 0° [22.5° 45° | 67.5°| 90° |112.5°|135°|157.5°| 180° | 202.5° 225°|247.5° 270° (292.5°| 315° | 337.5°| Total %
4-6 048 059 144 160 150 0.27 0.21 0.11 0.11 0.05 0.16 0.16| 6.68

6 -8 3.37 6.30 721 219 118 053 016 0.16 091 091 069 0.11 0.21 0.59| 50.00
8-10 | 2.78 5.40 454 069 043 0.16 0.11 0.05 0.05 0.05 0.05 0.21 1.23| 40.49
10-12 | 0.96 0.16 0.27 0.11 021 2.14
12 -14 | 0.32 0.05 0.05| 0.53
14 -16 0.11
16 -18 0.05
18 -20 0.00

0.00
100.00

Mean | 837 782 790 7.83 747 7.15 732 7.58 802 728 6.53 651 654 7.25 7.32 854
StDev | 172 114 123 107 113 099 0.97 0.79 045 169 058 048 0.55 0.35 147 151
Min 560 4.70 5.00 4.70 470 530 4.70 6.10 750 630 570 570 570 7.00 5.30 5.40
Max |13.20 13.20 16.70 14.20 11.00 9.40 9.40 890 850 9.80 820 8.20 820 7.50 9.40 12.40

7.78
1.23
4.70
16.70
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