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August 4, 2015

Luis A. Vega, Ph.D.

Manager

National Marine Renewable Energy Center
University of Hawaii

1680 East West Road, POST 112A
Honolulu, HI 96822

Subject: July 2015 Monthly Report — RCUH P.O. #210066105

Dear Luis,

The following constitutes my monthly report for the subject agreement for services associated
with July 2015.

Work Completed under Task 3: Support HNEI in Device Performance Data Collection
Throughout Development:

Monitored the device regularly via remote connection to the NWEI host PC in Room
106, Battery French. Downloaded data from PC as necessary, maintained log file, and
updated device control settings when necessary. See Attachment 1 for July 2015
Azura power performance data plots.

Made minor improvements to the LabVVIEW Azura user interface software on the host
PC in Room 106:

0 Incorporated text messaging capability to send daily text messages indicating
device operating state and further text messages whenever faults that disable
device operation occur. Currently these text messages are sent to Terry
Lettenmaier.

0 Modified software to automatically re-start after host PC — cRIO controller
communication faults occur.

Developed LabVIEW software to display 30 minute wave data and Azura average
power data on the host PC in Room 106. This display is updated every 30 minutes and
was integrated with the existing Azura CompactRIO user interface. See Attachment 2
for screen shots of this display.

Developed LabVIEW software that displays Azura GPS position data from the NREL
data system and provides a watch circle alarm with text messages to a list of recipients
if the Azura moves outside of a specified mooring watch circle. This display is
updated once every hour and is integrated with the existing Azura CompactRIO user
interface on the host PC in Room 106. Presently data is displayed and analyzed with a
delay of approximately two hours; NREL data improvements will ultimately reduce
the delay to approximately one hour. See Attachment 2 for a screen shot of this
display.

Analyzed Azura float angle data using MATLAB to produce plots of 30 minute
average float angle data for the deployment period. This data indicates that the Azura
hull is very slowly settling in the water and was ballasted correctly in mid-July, with
the Azura float angle, on average, very close to zero degrees (float horizontal, or
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perpendicular to the hull). See Attachment 3 for 30 minute average float angle data
plots.

Please let me know if you have any questions or comments concerning this project.

Sincerely,

Terry Lettenmaier

Attachment 1: Azura power performance data plots for July 2015
Attachment 2: Screen shots of Azura 30 minute data and watch circle data displays

Attachment 3: Azura 30 minute average float angle data plots
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Attachment 1

Azura power performance data plots for July 2015
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Azura Power Performance — July 2015

Summary
Plots of July 2015 data only are shown on Slides 2-8

Plots of cumulative data for the entire deployment period June-July 2015 are shown on Slides 9-15

Azura was operated (output connected to grid) for approximately 737 hours in July (approximately 99% of month)

Device was operated throughout July cycling between six different constant hydraulic motor displacement settings
e Settings changed every 30 minutes

e Constant displacement control is the simplest method possible and is expected to be useful for comparison to
computer model results.
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Azura Power Performance
Monthly Data July 2015

This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Data samples collected Williwaw Engineering

Sample Count (30 min sample periods)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | I | | | | | | | | | | | | |
7.75 Total number of samples = 1475 -
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13 -
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This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Ir(wfo)rmation herein is subject to the confidentiality agreement in place between those entities.
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Mean power matrix Williwaw Engineering

Mean Device Dc Output Power (W)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

1.25 -
6.75 -
6.25 -
5.75 -
5.25 -
4.75 -
4.25 -
3.75 -
3.25 -

HmO Bin Center (m)

2.5 -
2.25
1.75
1.25

493 431
0.75 | | | | 228 220 172 | | | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 16.5 17.5 185

Te Bin Center (s)
This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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95t percentile power matrix Williwaw Engineering

95th Percentile Device Dc Output Power (W)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

7.25 -
6.75 -
6.25 -

5.75 -
5.25 -
475 -
425 -
3.75 -
3.25 -

HmO Bin Center (m)

2.5 -
2.25
1.75
1.25

572
0.751 | | | | 5j4 296 298 | | | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 17.5 185
Te Bin Center (s)

This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Standard deviation of power matrix Williwaw Engineering

Standard Deviation of Device Dc Output Power (W)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75 -

71.25 -
6.75 -
6.25 -
5.75 -
5.25 -
4.75 -
4.25 -
3.75 -
3.25 -

HmO Bin Center (m)

2.5 -
2.25
1.75
1.25

S7

0.75 | | | | 47 4P 34 | | | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 16.5 17.5 185

Te Bin Center (s)

This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.




HmO Bin Center (m)
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1.75
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Azura Power Performance — July 2015

Mean capture length matrix

Mean Capture Length (device dc output power/wave energy flux, m)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

S

Williwaw Engineering
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0.q55
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This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Standard deviation of capture length matrix Williwaw Engineering

Standard Deviation of Capture Length (m)
Month of Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

1.25 -
6.75 -
6.25 -
5.75 -
5.25 -
4.75 -
4.25 -
3.75 -
3.25 -

HmO Bin Center (m)

2.5 -

2.25 0.005 -

1.75 0.015 0.013 0.004 -
1.25 0.018 0.015 0.007 -

0.75 | | | i 001> 0.016 | | | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 16.5 17.5 185

Te Bin Center (s)

This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Azura Power Performance
Cumulative Data June and July 2015

This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.



HmO Bin Center (m)

Azura Power Performance — June & July 2015 S
Data samples collected Williwaw Engineering

Sample Count (30 min sample periods)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | I | | | | | | | | | | | | |
7.75 Total number of samples = 2650 -

7.25 —
6.75 —
6.25 —
575 —
5.25 —
4.75F —
4,25+ —
3.75 —
3.25 —
2.75 —
2.25 15 4 4 —
1.75F 73 253 102 13 —
1.25F 669 698 278 57 39 1 —
075 Do 9° 0 | | | | | | | | L

1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 95 105 115 125 135 145 155 165 175 185
Te Bin Center (s)
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Mean power matrix Williwaw Engineering

11

Mean Device Dc Output Power (W)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

7.251 =
6.75 =
6.25 =
5.75 =
5.25 —
4.75 - =
4.25 _
3.751 =
3.251- =

HmO Bin Center (m)

2.5 -
2.25

1.75
1.25

495

483 399 241 168 144 -

0.75 | | | | Sl T2 136 174 | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 16.5 17.5 185

Te Bin Center (s)
This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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95t percentile power matrix Williwaw Engineering

95th Percentile Device Dc Output Power (W)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

12

1.25 -
6.75 -
6.25 -
5.75 -
5.25 -
4.75 -
4.25 -
3.75 -
3.25 -

HmO Bin Center (m)

2.5 -
2.25
1.75
1.25

568 454
0.75 | | | | S00F 288 42 165 194 | | | | | | | | L]
15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 16.5 17.5 185

Te Bin Center (s)
This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Standard deviation of power matrix Williwaw Engineering

13

Standard Deviation of Device Dc Output Power (W)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included

| | | | | | | | | | | | | | | | | |
1.75F -

1.25 -
6.75 -
6.25 -
5.75 -
5.25 -
4.75 -
4.25 -
3.75 -
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2.5 -
2.25
1.75

1.25 27 -

0.75 | | | | 5 P 3 2 16 | | | | | | | | L]

1.5 2.5 3.5 4.5 5.5 6.5 7.5 8.5 9.5 10.5 115 125 135 145 155 165 175 185

Te Bin Center (s)
This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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14
Mean capture length matrix Williwaw Engineering
Mean Capture Length (device dc output power/wave energy flux, m)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included
| | | | | | | | | | | | | | | | | |
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T
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This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Irgfo)rmation herein is subject to the confidentiality agreement in place between those entities.
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15
Standard deviation of capture length matrix Williwaw Engineering
Standard Deviation of Capture Length (m)
Cumulative data, months of Jun 2015 - Jul 2015; 30 minute periods with > 20 minutes operation included
| | | | | | | | | | | | | | | | | |
1.75 -
71.25 —
6.75 —
6.25 -
575 —
E 5.25F —
8 475 —
o
O 4.25F —
c
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o
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T
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1.75F 0.015 0.013 0.004 —
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This document is prepared for the joint use of the Hawaii Natural Energy Institute and Northwest Energy Innovations. Information herein is subject to the confidentiality agreement in place between those entities.
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Screen shots of Azura 30 minute data and watch circle data displays



Time Plots

Time Plot Settings

30 min data display screen of Azura host PC user interface =

Williwaw Engineering
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| Watch Circle Monitaring

Watch Circle Alarm Recipients

Watch circle alarm screen of Azura host PC user interface =

Williwaw Engineering
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Attachment 3

Plots of Azura 30 minute average float angle data
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Azura 30 minute average float angle data

Summary

Two float sensors are being used; Sensor 1 has 0- 360 range and Sensor 2 0-180 range on both sides of hull

Float went from onshore to offshore side and back on July 14. Data from both sides was used to zero sensor by
assuming that average angle relative to hull was same on both sides

Sheet 2 shows data around July 14

Sheet 3 shows data for entire deployment period. Data indicates that the hull is slowly losing buoyancy.



30 min average float angle data July 12-18
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Float angle plots from file NWEI 30m avg power w float angle 201506 201507.txt
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30 min average float angle data entire deployment

Float angle plots from file NWEI 30m avg power w float angle 201506 201507.txt
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