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Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

EXECUTIVE SUMMARY

The Applied Geoscience and Technology Division of the Secretariat of the Pacific Community carried out an
oceanographic survey on five atolls — Apataki, Arutua, Kauehi, Manihi and Rangiroa — in the Tuamotu Archipelago
of French Polynesia from July to December 2011. The objective of the survey was to study storm surge hazard and to
include this hazard into future development plans.

This report details the deployment of oceanographic instruments to measure current velocities, surface water
parameters and water elevation. These oceanographic data improve our understanding of atoll hydrodynamics. The
emphasis of the study was on Rangiroa Lagoon and wave transformation on the atoll’s outer rim to support cyclone
wave inundation modelling.

Current velocities (speed and direction of water flow) were measured in situ using three Nortek acoustic doppler current
profilers, or Aquadopps (AQDs), and two Nortek acoustic wave and current meters (AWACs) at Rangiroa and one AQD
at each of the other four atolls. Data from the AQD in the Tiputa channel show that the flow of water is tidally influenced,
with a dominant flow out of the lagoon towards the northeast at an average speed of 1.5 meters per second (m/s). A
maximum speed of about 4.6 m/s was observed on a single occasion and coincided with the higher incident offshore
swell wave event that occurred on 27 August 2011. Other current profilers recorded average speeds of less than
0.3 m/s, with their maximum speed corresponding to the offshore wave event in August, with the exception of the AQD
on the Avatoru reef flat.

Surface wave parameters and water elevation were measured in situ using eight RBR tide and wave recorders (TWRs),
pressure sensors, in Rangiroa and three TWRs for each of the other four atolls. The TWRs deployed at Rangiroa
recorded maximum water levels during the extreme offshore wave event on 27 August. The exceptions were the TWRs
on the Tivaru reef slope and the ones on the Avatoru reef crest and shore. These TWRs are on the northern part of the
atoll, and were protected by islets from incident swell waves.

The AQDs and TWRs deployed at Apataki, Arutua, Kauehi and Manihi atolls recorded no swell events because the
earliest deployment was at Kauehi in November 2011. Average speeds observed by the AQDs were 0.2 m/s or less,
with the TWRs recording wave heights between 0.1 m and 0.9 m.

SPC SOPAC DATA RELEASE REPORT (PR105)



Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

1 INTRODUCTION

This report describes an oceanographic survey of five atolls in the Tuamotu Archipelago of French Polynesia. The survey
was a component of the project, ‘Supporting Disaster Risk Reduction in Pacific Overseas Countries and Territories’,
which was conducted by the Secretariat of the Pacific Community through its Applied Geoscience and Technology
Division, and in collaboration with the Ministry of Lands, Housing and Infrastructure, which is responsible for urban
planning.

The purpose of the project was to study the storm surge hazard in the Tuamotu Archipelago of French Polynesia and
to include this hazard into future development plans.

This part of the project comprised the acquisition of oceanographic data to better understand the hydrodynamics
within Rangiroa’s lagoon, and investigate wave transformation on the outer rim of the atoll. The data acquired will be
processed and analysed to support the modelling of cyclone wave inundation.

This report describes the details of the oceanographic instrument deployment data at Arutua, Apataki, Kauehi, Manihi,
and Rangiroa, from July to December 2011 (Figure 1). The data were used to derive coastal inundation hazard maps
by Damlamian et al. (2013), a companion report of the Overseas Countries and Territories — Tuamotu Project.

Figure 1: Google Earth image showing the location of the survey sites in the Tuamotu Archipelago of French Polynesia.

SPC SOPAC DATA RELEASE REPORT (PR105)



Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

2 METHOD

2.1 Rangiroa instrument deployments

Current velocities (speed and direction of water flow) were measured in situ using four Nortek acoustic doppler current
profilers (or Aquadopps, abbreviated to AQDs) and two Nortek acoustic wave and current meters (AWACs). One AQD
each were deployed in the Tiputa and Avatoru channels while the other two were deployed at the Avatoru reef flat and
at Tivaru Hoa. One AWAC was deployed in the middle of the lagoon while the other was deployed on the north side of
the Avatoru reefslope (see Figure 2 for locations, and the appendix for deployment frames).

The AQDs and one AWAC (mid-lagoon) were programmed to profile current speed and directions while one AWAC
(Avatoru reef slope) recorded both current readings and directional waves. All instruments were also programmed to
record water pressure and temperature.

All of the instruments recorded good data, except for the AQD deployed in Avatoru channel, which was not recovered.

’ ", i O, AR I o

ﬁh T s i
TR, VR

T, Wl e
IR e e (P

Figure 2: Rangiroa IKONOS 2002 satellite image with oceanographic instrument deployment sites shown by red circles.

Surface wave parameters and water elevation were measured in situ using eight RBR tide and wave recorder TWR-
2050P pressure sensors. The TWRs were deployed in sets of two, with one on the reef slope, and the second farther
inshore on the reef flat (see Figure 2 for locations, and the appendix for deployment photos). Details of the instrumental
operating parameters are provided in the tables below.

Table 1: Rangiroa instrument summary.

Instrument AQD AWAC TWR
Description Acoustic Doppler Profiler Acoustic Wave and Current Meter Tide and Wave Recorder
Make Nortek RBR

Model AQD AWAC-AST TWR-2050
Type Acoustic, 1000 Hz (Tiputa Acoustic, 600Hz Pressure sensor

channel) and 2000 Hz (Avatoru
reef flat and Tivaru Hoa)

Digital recorder Internal
Data recorded Current speed and direction, Current speed and direction, temperature, | Tides, temperature, waves
temperature, pressure pressure (mid lagoon), directional waves,

temperature, pressure (reef slope)

SPC SOPAC DATA RELEASE REPORT (PR105)



Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

Table 2: Rangiroa instrument settings.

Instrument AQD Tiputa  AQD Avatoru AQD Tivaru AWAC AWAC TWR
channel reef Hoa mid lagoon reef slope
Def
Oe ault temperature Measured
(°C)
Default salinity (ppt) 35.0 35.0 35.0 35.0 35.0 N/A
Sampling interval (s) Max. rate Max.rate Max.rate Max. rate 1Hz 2Hz
No. of samples/ N/A N/A N/A N/A | 1024 for waves | 2048 for waves
bursts
Averaging interval (s) 60 60 60 60 120 for 120 for tides
currents and
10,800 for
waves
Record interval (s) 600 900 900 600 600 10,00 for
waves and 900
for tides
Number of cells in 12 20 30 20 20 N/A
profile
Blanking distance 0.4 0.1 0.1 0.5 0.5 N/A
(m)
Cell size (m) 2 0.1 0.1 2 2 N/A

The raw binary file from the AQD deployed in the Tiputa channel was processed using Nortek SeaReport software.
Plots generated by the software are shown in the Results section of this report. The raw binary files from the rest of the
current profiler instruments were loaded into Nortek software Storm Ver.1.09, and processed. The raw data were then
exported to readable ASCII listings and a Matlab script was used to plot the data also shown in the Results section.

In the case of the wave gauge instruments (TWRs), the raw data (.hex files) were downloaded and exported from the
RBR software Ruskin v1.7.3 to readable ASCII listings. A Matlab script was also used to generate plots from these data.
These are available in the Results section.

SPC SOPAC DATA RELEASE REPORT (PR105)
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Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

2.2 Apataki, Arutua, Kauehi and Manihi instrument
deployments

Instruments were deployed in sets of four at each consecutive atoll. Kauehi was the first atoll surveyed, followed by
Arutua, Apataki and Manihi.

One AQD was deployed on the reef flat to measure current velocities (speed and direction of water flow) and three
TWRs were deployed (to measure wave parameters and water elevation), with one on the reef slope, one on the reef
crest, and the third on the reef flat (see Figures 3-6 for locations).

Table 4: Kauehi, Arutua, Apataki, Manihi instrument summary.

Instrument AQD TWR
Description Acoustic Doppler Profiler Tide and Wave Recorder
Make Nortek RBR
Model AQD TWR-2050
Type Acoustic, 2000 Hz Pressure sensor
Digital recorder Internal

Data recorded Current speed and direction, temperature, pressure Tides, temperature, waves

Table 5: Kauehi, Arutua, Apataki, Manihi instrument settings.

AQD AQD

Instrument Kauehi and Arutua Apataki and Manihi TWR
Default temperature (°C) Measured

Default salinity (ppt) 35.0 35.0 N/A
Sampling interval (s) 1Hz 2 Hz 2 Hz
No. of samples/bursts N/A 1024 for waves 2048 for waves
Averaging interval (s) 60 | 60 for currents and 600 for waves 60 for tides
Record interval (s) 600 600 3,600 for waves and 300 for tides
Number of cells in profile 20 20 N/A
Blanking distance (m) 0.1 0.1 N/A
Cell size (m) 0.1 0.1 N/A

SPC SOPAC DATA RELEASE REPORT (PR105)



Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

2.2.1 Kauehi instrument deployments

uvehl reef crest

TWR Kauehi reef slope

Figure 3: Kauehi IKONOS 2003 satellite image with oceanographic instrument deployment sites.

Table 6: Kauehi instrument deployment summary.

Location Instrument Serial Easting Northing Date, local Duration Date, local Filename
name \[o) time, number (days) time, number
of first good of last good
sample sample

Kauehi TWR-2050 | 21574 | 703189.4 | 8249219 0.3 13/11/2011, 4 17/11/2011, 021574_2

shore 11:00:00 AM, 3:20:00 PM, 0111117

339 1127 _1823.hex

Kauehi TWR-2050 | 21579 | 703435.4 | 8249178 13.5 13/11/2011, 3 16/11/2011, Kauehi_RBR_

reef slope 11:00:00 AM, 10:55:00 AM, reefslope _0

55 850 21579_

20111116_1210.

hex

Kauehi TWR-2050 | 21576 | 703232.3 | 8249223 0.1 13/11/2011, 4 17/11/2011, 021576_2

reef crest 11:00:00 05:55:00 PM, 0111117

AM,335 1123 _1815.hex

Kauehi AQD 6550 | 703210.9 | 8249228 0.2 13/11/2011, 4 17/11/2011, |  Aqgdp_kauehi.prf
reef flat 12:00:00 PM, 06:20:00 PM,
277 564

SPC SOPAC DATA RELEASE REPORT (PR105)



Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

2.2.2 Arutua instrument deployments

TWR, Arutua shore ; \1"
.ﬁ.QUAD&. Arutua reef flat
ol

Wulua reef crest

TWR, Arutua reef slope

Figure 4: Arutua IKONOS 20083 satellite image with oceanographic instrument deployment sites.

Table 7: Arutua instrument deployment summary.

Location Instrument Serial Easting Northing Water Date, local Duration Date, local Filename
name \[o) depth  time, number (days) time, number
(m) of first good of last good
sample sample

Arutua TWR-2050 | 21576 | 540965.9 | 8301535.4 0.2 21/11/2011, 4 25/11/2011, Reef_shore

shore 11:00:00 AM, 5:55:00 PM, _arutua.hex
30 1208

Arutua TWR-2050 | 21579 | 541083.8 | 8301445.6 3.2 21/11/2011, 4 25/11/2011, Reef_slope

reef slope 11:00:00 AM, 10:40:00 AM, _arutua.hex
271 1142

Arutua TWR-2050 | 21574 | 541051.7 | 8301518.6 0.4 21/11/2011, 5 26/11/2011, Reef_crest

reef crest 11:00:00 05:20:00 AM, _arutua.hex
AM,17 1363

Arutua AQD 6550 | 541030.3 | 8301523.1 0.2 21/11/2011, 4 25/11/2011, ArutuaO1.prf
reef flat 12:00:00 PM, 06:30:00 PM,
54 605

SPC SOPAC DATA RELEASE REPORT (PR105)
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2.2.3 Apataki instrument deployments

TWR, Apataki reef slt}

 J
-
)

Figure 5: Apataki IKONOS 2003 satellite image with oceanographic instrument deployment sites.

Table 8: Apataki instrument deployment summary.

Location Instrument Serial Easting Northing Water Date, local Duration Date, local Filename
name \[o) depth  time, number (days) time, number
(m) of first good of last good
sample sample

Apataki TWR-2050 | 21576 | 562475.5 | 8278176.5 0.2 28/11/2011, 5 3/12/2011, RBR_shore

shore 9:00:00 AM, 15:55:00 PM, _apataki.hex
11 1128

Apataki TWR-2050 | 21579 | 562293.3 | 8278199.1 8.4 27/11/2011, 6 3/12/2011, RBR_slope

reef slope 11:00:00 AM,2 03:55:00 _apataki.hex
PM,1450

Apataki TWR-2050 | 21574 | 562411.2 | 8278194.3 0.3 28/11/2011, 5 3/12/2011, RBR_crest

reef crest 09:00:00 03:55:00 PM, _apataki.hex
AM,53 1130

Apataki AQD 6550 | 562443.4 | 8278189.8 0.2 28/11/2011, 5 3/12/2011, Apatak01.prf
reef flat 10:00:00 AM, 02:50:00 PM,
31 565
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2.2.4 Manihi instrument deployments

Ay

Figure 6: Manihi 2013 Google Earth image with oceanographic instrument deployment sites.

Table 9: Manihi instrument deployment summary.

Location Instrument Serial Easting Northing Date, local Duration Date, local Filename
name \[o) time, number (days) time, number
of first good of last good
sample sample

Manihi TWR-2050 | 21574 | 601567.7 | 8400913 0.3 6/12/2011, 6 12/12/2011, | 021574_20111212

shore 11:00:00 AM, 2:40:00 PM, _1545.hex
336 1741

Manihi TWR-2050 | 21579 | 601513.5 | 8400835 7.1 6/12/2011, 7 13/12/2011, RBR_slope.hex
reef slope 11:00:00 AM, 7:50:00 AM,
31 1972

Manihi TWR-2050 | 21576 | 601535.2 | 8400872 0.2 6/12/2011, 6 12/12/2011, | 021576_20111212

reef crest 11:00:00 AM, 2:35:00 PM, _1536.hex
361 1742

Manihi AQD 6550 | 601567.7 | 8400906 0.1 6/12/2011, 6 12/12/2011, Manihio1.prf
reef flat 12:00:00 PM, 3:51:01 AM,
213 838
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3 RESULTS

3.1 Rangiroa instruments
3.1.1 AQD — Tiputa channel

The following time series plots and matrix show water flow observations by the AQD in mid-water (bin 10) in Tiputa
channel. These plots were generated by Nortek SeaReport software and the data show that the flow of water is
predominantly out of the lagoon towards the northeast at an average speed of 1.5 m/s (Figure 7). A maximum speed
of about 4.6 m/s was observed on a single occasion and coincided with the higher incident offshore wave event that
occurred on 27 August 2011.

i

Figure 7: Time series plot of current speed for mid-depth within Tiputa channel as measured by the AQD. Direction is given from
true north in oceanographic convention (going toward). Note maximum speed on 27 August 2011.
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Figure 8: Matrix of current speed and direction for mid-depth within Tiputa channel as measured by the AQD. Direction is given
from true north in oceanographic convention (going toward).
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Figure 9: Time series plot of depth-averaged current pressure as measured by the AQD in Tiputa channel.
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Figure 10: Time series plot of depth-averaged current temperature as measured by the AQD in Tiputa channel.
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3.1.2 AQD — Avatoru reef flat
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Figure 11: Time series plot of pressure, temperature and current speed and direction, as measured by the AQD on the Avatoru
reef flat. Direction is given from true north in oceanographic convention (going toward).

3.1.3 AQD — Tivaru Hoa
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Figure 12: Time series plot of pressure, temperature and current speed and direction, as measured by the AQD in Tivaru Hoa.
Direction is given from true north in oceanographic convention (going toward). Note maximum pressure and current speed on 27
August 2011, coinciding with the extreme southerly swell event.
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3.1.4 AWAC — centre of the lagoon

Kauehi, Arutua, Apataki and Manihi, French Polynesia
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Figure 13: Time series plot of pressure, temperature, and current speed and direction, as measured by the AWAC in the centre of
the lagoon. Direction is given from true north in oceanographic convention (going toward). Note maximum pressure on 27 August

2011, coinciding with the extreme southerly swell event.

3.1.5 AWAC — Avatoru reef slope
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Figure 14: Time series plot of pressure, temperature, and current speed and direction, as measured by the AWAC on the reef

slope of Avatoru. Direction is given from true north in oceanographic convention (going toward).
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Figure 15: Time series plot of significant wave height (Hm0), peak wave period (Tp) and peak wave direction (DirTp) as measured
by the AWAC on the reef slope of Avatoru. Direction is given from true north in meteorological convention (coming from).

3.1.6 TWR — Avatoru reef flat
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Figure 16: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Avatoru reef flat. Direction is given from true north in oceanographic convention (going toward).
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3.1.7 TWR — Avatoru Lagoon

Depth (m)

Temp. (°C)

8.5

60
'_
20

28
27

26

unmumunnhhhMMI

sl

B 40,
w

A

05/08

|
25/08

|
14/09

Date (dd/mm)

|
04/10

| |
24/10 13/11

Figure 17: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR in Avatoru Lagoon. Direction is given from true north in oceanographic convention (going toward). Note

the maximum water level recorded on 27 August 2011, coinciding with the extreme southerly swell event.

3.1.8 TWR — Avatoru reef crest
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Figure 18: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as

measured by the TWR on the Avatoru reef crest. Direction is given from true north in oceanographic convention (going toward).
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3.1.9 TWR — Tivaru Lagoon
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Figure 19: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR in Tivaru Lagoon. Direction is given from true north in oceanographic convention (going toward). Note the
maximum water level on 27 August 2011, coinciding with the extreme southerly swell event.
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Figure 20: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Tivaru reef slope. Direction is given from true north in oceanographic convention (going toward).
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3.1.11 TWR — Otupipi Lagoon
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Figure 21: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR in Otupipi Lagoon. Direction is given from true north in oceanographic convention (going toward). Note
the maximum water level on 27 August 2011, coinciding with the extreme southerly swell event.

3.1.12 TWR — Utoto Lagoon

Ts (s)

I | L

;\\\\\

o5 | | | | | |
05/08 25/08 14/09 04/10 24/10 13/11
Date (dd/mm)

Figure 22: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR in Utoto Lagoon. Direction is given from true north in oceanographic convention (going toward).
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3.1.13 TWR — Utoto reef flat
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Figure 23: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Utoto reef flat. Direction is given from true north in oceanographic convention (going toward). Note
the maximum water level and significant wave height recorded on 27 August 2011, coinciding with the extreme southerly swell
event.

3.2 Kauehi instrument deployments
3.2.1 AQD — Kauehi
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Figure 24: Time series plot of pressure, temperature, current speed and direction, as measured by the AQD on the Kauehi reef
flat. Direction is given from true north in oceanographic convention (going toward).
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3.2.2 TWR — Kauehi reef slope
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Figure 25: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Kauehi reef slope. Direction is given from true north in oceanographic convention (going toward).

3.2.3 TWR — Kauehi reef crest
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Figure 26: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Kauehi reef crest. Direction is given from true north in oceanographic convention (going toward).
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3.2.4 TWR — Kauehi shoreline
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Figure 27: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Kauehi shoreline. Direction is given from true north in oceanographic convention (going toward).

3.3 Arutua instrument deployments
3.3.1 AQD — Arutua
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Figure 28: Time series plot of pressure, temperature, current speed and direction, as measured by the AQD on the Arutua reef
flat. Direction is given from true north in oceanographic convention (going toward).
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TWR — Arutua reef slope
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Figure 29: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Arutua reef slope. Direction is given from true north in oceanographic convention (going toward).

3.3.3. TWR — Arutua reef crest
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Figure 30: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Arutua reef crest. Direction is given from true north in oceanographic convention (going toward).
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3.3.4 TWR — Arutua shoreline
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Figure 31: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Arutua shoreline. Direction is given from true north in oceanographic convention (going toward).

3.4 Apataki instrument deployments
3.4.1 AQD — Apataki
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Figure 32: Time series plot of pressure, temperature, current speed and direction, as measured by the AQD on the Apataki reef
flat. Direction is given from true north in oceanographic convention (going toward).
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TWR — Apataki reef slope

Oceanographic Assessment Rangiroa, Kauehi, Arutua, Apataki and Manihi, French Polynesia

2
(]
[

@) 275
~ 274
=%
€ 273
5]
=272

150

100

50

2711

28/11

28/11

29/11

29/11

30/11
Date (dd/mm)

30/11 01/12 01/12 02/12

Figure 33: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Apataki reef slope. Direction is given from true north in oceanographic convention (going toward).
Note the peaks in the plots on 1 December 2011 resulting from villagers moving the instrument. (It was moved from a depth of
7 m to a depth of 9 m, then to 14 m, and finally left at a depth of 12 m.)

3.4.3 TWR — Apataki reef crest
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Figure 34: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Apataki reef crest. Direction is given from true north in oceanographic convention (going toward).
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3.4.4 TWR — Apataki shoreline

0157 T -
€ 01+ |

%
T 0.05— —

|
28/11 29/11 29/11 30/11 30/11 01/12 01112 02/12
Date (dd/mm)

Figure 35: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Apataki shoreline. Direction is given from true north in oceanographic convention (going toward).

3.5 Manihi instrument deployments
3.5.1 AQD — Manihi
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Figure 36: Time series plot of current speed and direction, temperature and pressure as measured by the AQD on the Manihi reef
flat. Direction is given from true north in oceanographic convention (going toward).
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3.5.2 TWR — Manihi reef slope
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Figure 37: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Manihi reef slope. Direction is given from true north in oceanographic convention (going toward).

3.5.3 TWR — Manihi reef crest
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Figure 38: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Manihi reef crest. Direction is given from true north in oceanographic convention (going toward).
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3.5.4 TWR — Manihi shoreline
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Figure 39: Time series plot of depth (m), significant wave height (Hs), significant wave period (Ts) and temperature (°C) as
measured by the TWR on the Manihi shoreline. Direction is given from true north in oceanographic convention (going toward).
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5 APPENDICES

Appendix A Instrument deployments

Rangiroa deployment photos

AQD in Tiputa channel. AQD in Avatoru channel.

AQD on Tivaru Hoa. AQD on Avatoru village reef flat.
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AWAC north of Avatoru reef slope. AWAC in mid-lagoon.

TWR on Utoto reef flat. TWR in Utoto Lagoon.
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TWR on Avatoru shoreline. TWR on Avatoru reef crest.

TWR in Otupipi Lagoon. TWR in Tivaru Lagoon.
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TWR on Tivaru reef slope. TWR in Avatoru Lagoon.

Apataki instrument deployment photos

AQD on Apataki village reef flat. TWR on Apataki shoreline (reef flat).
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TWR on Apataki reef crest. TWR on Apataki reef slope.

Arutua instrument deployment photos

AQD on Arutua village reef flat. TWR on Arutua shoreline (reef flat).
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TWR on Arutua reef crest. TWR on Arutua reef slope.

Kauehi instrument deployment photos

AQD on Kauehi village reef flat. TWR on Kauehi shoreline (reef flat).
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TWR on Kauehi reef crest. TWR on Kauehi reef slope.

Manihi instrument deployment photos

AQD on Manihi village reef flat. TWR on Manihi shoreline (reef flat).
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TWR on Manihi reef crest. TWR on Manihi reef slope.
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Appendix B Glossary of terms

Wave statistics

Significant wave height Average of the highest one-third of all wave heights (measured from the trough to the crest) over a
(H, H.,0,H period of time. Significant wave height Hs can be estimated from a wave-by-wave analysis in which
case itis denoted as H, ,, but more often is estimated from the variance of the record or the integral
of the variance in the spectrum, in which case it is denoted as H, 0.

"

While H, , is a direct measure of H, H_0O'is only an estimate of the significant wave height that under

many circumstances is accurate.

In general, in deep water, H, , and H 0O are very close in value and are both considered good
estimates of H_. All modern wave forecast models predict H 0 and the standard output of most
wave gauge records is H, 0.

Peak wave period (T p) The peak wave period (in seconds) associated with the largest wave energy in the total wave
spectrum at a specific point.

Peak wave direction (Dier) The wave direction at the frequency at which a wave energy spectrum reaches its maximum.

Significant wave period (T) Average period of the one-third highest waves in a wave record.

Ocean properties

Pressure (dbar) Force per unit area exerted by water on either side of the unit area. Oceanographic pressure is
reported in decibars (dbar). Pressure in decibars is almost equal to the depth in meters; 1,000 dbar
is the pressure at a depth of about 1,000m. Nortek instruments were set to read zero pressure
at sea level in the ambient air pressure prior to deployment. The RBR TWR instruments recorded
absolute pressure, which is the gauge pressure due to the depth of water plus the atmospheric
pressure.

Temperature (°C) A thermodynamic property of a fluid and is due to the activity of molecules and atoms in the fluid.
The more the activity (energy), the higher the temperature.

Speed (m/s) Measured by the distance the wave travels in a certain amount of time (meters per second). It
is found by multiplying the wavelength (horizontal distance between cycles) and the frequency
(number of wave cycles that are completed in one second).

Direction (deg) The direction in which a wave travels. Wave directions are defined in degrees clockwise from north
to the direction the waves are coming from. Current direction is defined as the direction the water is
flowing toward (oceanographic convention). The direction of a current flowing from east to west will
be described simply as west. Wave direction (e.g. as measured by the Nortek AWAC instrument),
however is given in meteorological convention (coming from).

Depth (m) The distance from the surface to the sea floor.
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Appendix C Instrument brochures

Nortek acoustic wave and current profiler (AWAC)

http://www.nortek-as.com/en/products/wave-systems/awac

a small revolution In

AWAC

With the Nortek AWAC. you get a current
profiler and a wave directional system in one
unit. You can measure the current speed and
direction in 1-meter thick layers from the

bottom to the surface. Waves of all varieties
are measureable; this includes long waves.
storm waves, short wind waves, or transient
waves generated by local ship traffic

The AWAC s designed os & coastal monioring system.

It is small, rugged. and suitable for multi-yeer operation in tough
amdronments. The mechanical design is all plastic and titanium
to avoid cormosion. The AWALC s svaidable in thres tranamit
frequencss (1 MHz / 800 kiHz /400 kiHz) which allow for different
deployment depths.

The senscr is usually mounted in a frame on the botiom. where
it is protected from complications st the surfsce such as harsh
weather, vandalism, and ship traffic. Whils safely locaied at the
bottom. it s operated in online or in stand-alons mode

In stand-alons mode, the ey data are stored to the
intermal data logger and power comes from an extemal battery
pack. A variety of options are availlable with mazimum
deployment lengths of 12 months with hourly wave data when
using lithium batteries.

Cniine systems have s vanety of possible communication
configurations. The moat common are long. offshore cables
(max. 5 km) or scoustic modems. Online sysiems can be
deliversd with backup battenss. protected cabies. shore side
interface units, and online software.

AST breakthrough

The AWACs extracrdinary wave performance has langely to do
with the Acoustic Surface Tracking (AST). The AST & based on
echo-ranging to the eurtace with the vertcally onented
transducer. The beauty of this method of measuring waves is that
it circumvenis the depih limitations imposed by botiom mounted
pressure and velocity measuremenis. Long waves (svwell) and
storm waves are marely difficult to measure. howesver waves
generated by local winds are challenging without AST. Momsover,
the AST aleo gves you the ability to derme wave parameters
based on imes seres analyses. This mesns that the AWAG can
directly measure wave parameters such as Hmax, H1/10, Tmean,
#le. which olher bottormn mounted systems simply cannot.

ocean wave measurements

Tidal elevation with improved pressure sensor

From the spring of 2071, an improved pressure sensor with an
sbsoiute accurncy of 0.1% of full scale is avadable for the AWALC,
For & deployment depth of 20 m (and & 50m full scale sensor),
this means the absclule sccummcy of the sensor is 5 em, which is
within the requirements for many opemtional harbor systems

Software

The AWAL software s used to configure the nstrument for
deployment. retrieve the data, and convert all raw data files to
ASCIL. In order to calculate the wave parameiens, you have the
chotce between the non-graphical QuickWave software and the
graphical Storm software. For online systems which require dats
managemsent and generating content for internet use je.g.
processed resufts and graphical plots), the SeaSiate software
serves s the link for all your AWAC wave and curment data.

= 400 kHz version of the AWAC

= ProLog Internal Processor

= Special ice detection algorithm

= [mproved pressure sensor

»5e35tate 2.0 for online data collection

Platform mount
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Technical Specifications

System

Acoustc Prequency’ iz, BOCRHE or S00HE

Accumtic baami 4 baama, ofw vertical, tees slanbed of 25°
Vertical beam Opening angle: 1,77

Cparationsl modes: Stand-alons o online moniorng

Current Proflke

30m (TMHzL. S0m 900 ki, 100m (00HD

dapands on laoal condBions)

ocity g =30 mie hoszontal, +f m'e slong Boam

r 1% of meassuied valus 0.5 cm's
Doppler UnNCertainty
Cument profle:

WaYE Measurements
b hapdrs

Dt typee
Samping rate (oulputs

Tom's fypical)

35 (VMM G0 (800 bz, 100m (0HD
Prossure, one veiocly slong each beem, AST"
T Mz valooly, 4 Mz AST™ (TMMEL

1 M velooity, 2HZ AST* MO0z,

LTS Hz velocity, 154 AST™ 400k}

N, of samgies per burst: 512 1034, or 2040, Inguive for opBone
Weve estimalas

Range: =15 «18m

Accuracy wessiution (Hai! <14 of messured vl om
Acturey maaciution (D) =iar

Purod mnge 051008 [ Thiz), 1 - 100 (CLEAEMZ,

1.5 - 100w L AhHE)

Time constant: <& rrin

Compass Magratorestive

Accumcy Resclution: 0.1 for B <15*

T Licuisd fevrsd

ki Wt 30, AST requires <107 instrument tht

U o dowre Autiomat detect

Pressune: Pacomsisdte

Slanderd renge; 050 m (TAMZ) / O-100m OLSMMI) /
0-100m (0, 40z}

Accuracy: 05% of ful scade. Optional 0 1% of full scale.

Pasolution: QLOOS % of il scale

Transucer configurations
Standar
[Piatform mgnt;

A teams 120" aparl, ons vertical
3 baama 00 apart, one &l §*

Sancard Dot & podyurethans plastics with tarum
L
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Buiniwad MOBH-2-FS
Cabie PRICE -§-MP
T
Opmiating hermpe st ~4"Cw 40'C
Shormge lempasneture: =230°C o 80°T
Bk and vitralion EC T21-3-2
Dean ratng 3W00m

Gen drewang on fronl page
‘Wt in ar T3 gy fOLAMIREE), 6.2 g CLERAMEL B 1 lag (1 MIME)
Wsghl in wsler: 2.8 b {0 4MH), 26 kg AR & TMHD

HNumrer of chamnmeie: 2
Supply voltage & anakog Thess coficns saleciahis through frmmests
outpul e
:lﬁuw
& s T2V 100mA
\iltag Input: o5V
Prepciution:; 8w AD

Dats Reconding

Cagecyistarca 2B, can add X2OTTASSIME or 4GB
Frofle mcont Moelis=3 « 120

‘Wirve econd: MNuarmgies=24 « KB

[ RS 252 o RS £22

Communicasion bauc rate I00-115200

Pesooitier downlond beud et B00T200 kB fior both REZL ard REIDD

Usar condrok: Harefied via ~AWAC- soffreme, or Acthad®
commie. ~Seafiste= lor onlne pypiema,

Prolog: Frosicdes NMEA ASCH or Barary oulpul formats
Tor processed wares and cunend date.

O input: @18 VDG

Paak current: 1A

Pomenr cOnmEmpion Trasarmi powsd: 1-300 3 aguriasbls i

Sioey CONBUPRBON 03 mi (RS2ID)
5 oWy (FeSAZy

Resl ime clock
Accusacy

Backup in abwence of power: 1 yaat

oftshore Cabile

Thes Mores offuhors cabis can, when Dropery depicyed, withntand lough

conditions in e coaslal In Al 422 configurstion, cabile communication
_Mm::lh

online Projects

Hertall can provide lohg cables, radioislephons communicaion squipmment,
aooustic modems, eic.., thal can meed the eouisments of your speciic project.

i

AST = Acoustic Surlsce Tracking
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Nortek aquadopp profiler (AQD)

http://www.nortek-as.com/en/products/current-profilers/aquadopp-profiler

Aquadopp
PROF|LE R

The Nortek Aquadopp® Profiler s de
flexibility In mind, It Is s
equally weall in ocean, ¢ ver environments
From Its introduct , the Aquadopp® Profiler
has represented a completely generation of
current profilers, and remains at the cutting edge still
today

ned with
. and works

Typical Applications

Small and sasy-to-use, the scoustic doppler Aquadopp® Profiler has
bescenime & fnv orite for use in estuaries and shullow coastsl waler

It it a cost-affactive tool for ary shallow water (<100 m) environment.
Tunctioning equally well in typécal ocean vrfsce waten s high sediment

suspanskon areas near the coast or In rivers. Typical applications inchede
coastal studies aswell as studies i rivers, lakes and chamnnels, and online
rRaretoring.

The Aguadopp® Frofiler can be deployed on any fived structure - small,
lover cout Bottom frames, Moot ing limes, suiface bucys et

With a flexibile design, options are svailable for the Aguadopp® Profile
o rechuce blanking distance. inoease vertical resohation, ¢l ol ste full
dhireciional winee specir, and peohle honsoentlly in 200

The Aquadopp® Profiler Deign

The Aquadopp® Profiler measures high-guality, accurate, and wibi ssed
thirs- comporent (East. North, Up) current profil e dats ushng acou stic

Doppler technology. It can measure speed and direction in up o 128
different layers of the water column.,

System alectronics mtegrate Doppler velocity with tempamture,
prassare, tilt, and compass infarmmation = all standand with sach
instrument.

The Aquadopp® Profiler has a built-in solid state data reconder and
batteries State-of -the-art powses mansgement and mirdatur zed
electronics combine in & compact single-canister design that is suitable
for real-tirme operation of self-contained deployment. Online telamietry
options include cellphoane of radio modems and the Nortek ADS,

Thae Aquadopp® Profiler prowvides significant advaniages
for your pro ject

® AN plastic and titankem parts eliminate comosion

* Mo mawing parts that can be blocked or damaged

® Ramote sampling volume i not affectad by biofouling

& [-Cell option eliminates blanking distance

® Effective directional wave gauge

® [reemal compant. Bt presusre and TEmMpETaTure s
® Ombine data communication opthons

& Seruall and light weight (less than 3.5 kg)

® Log dats from éxtermal ariabog semors, sudh a5 OF5 or CT semsors

A variety of trariducer hesd deiigns
allow Aaxibility in deployment and

it ik L e P

®
L X J
"8 C
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HA Profiler

The High Resolution (HR) farmmware
upgrads turns the Aquadopp®
Profiler (1 and 2 MHz models)
intoa high resolution profiler
operating at sub-cm scales with
sampling rates as fast as B Hz.

Though primearily designed for
rmiean flow studies, the robust
computational algorithms of the
HR Profiler make it possible to
larpers, intemnal wave generation in lakes, flow under o, or low enengy
environments. the HR Profiler is the perfect tool.

Tomeasure welocity profiles at such a fine vertical resolution (as small
#5 0.7 e, the HR firmware implemenits a pulse-coherent processing
technique that provides estremely low nokse Measurements.

HR Profiler Features:

® intermal data recording (16 GB)

# Reduced blanking distance (5 cm)

® 3D velodty profiles, 0.7 - 5 cm resslution

® Continuous {1 Hzjand burst (max 8 Hzj sampling modes

# Extended velodty range mode for enengetic emvironments

® Configumble for selected beam samplings (1, 2 or 3 beams)

* Measures towithin a few cm of the bottom (or o layen)

# Easily switch between "normal” and HR Profiler modes

* Simultanecus measurements of velocity peofiles and acoustic
scattering strength

PUV Waves

The Aquadopp® Profiler can be configured as a combined wave and
current system, collecting (PUV ) wave height period and direction data
interdeaved (at 1 Hz or 2 Hz) with mean cument profiles. Configuring the
Aguadopp® Profiler for wave measurement i done through the standard
Aguapro softwan

Thee FLV method is used to calculate the full directional wave spectrs
from the raw data, based on linear wave theory. Pressure is used to
estimate non-directional parameters (haight and period), and the
combination of the pressure snd the two horizontal velodty components
U and V are used to caloulate wave direction.

As 3 wave sansor, the Aquadopp® Profiler repuires extra intemal

memory and battery capacity. but it is chearly the most cost-effective
PUV instrument in the market.

SPC SOPAC DATA RELEASE REPORT (PR105)

A standard current profiler cannot measure
currents near its transducers. This blanking
distance of a few meters can cause the
[nstrument to miss key current velocity
data at the boundary layer, either close to
the surface or seabed.

Studies show that the surface current
@an be quite different from what is | A ] e
normally observed 2-3 m below the i N
surface, especially in regions with shallow Ly
thermochines or stong winds

[rgardn Batow F-0Fl o]
i = = =

-
'
i
m

=
=]
1=

ekt y i)

The Aquadopp® Z-Cell 3 hardware and firmwime extension to the 1| MHz
and 600 kHz Aquadopp® Profilers, eliminates this blanking distance. By
adding an extra set of horaontal trarsducers (2 MHz) to the Aquadopp®
Prodiler, the Z-Cell is able to measure the 2D cument velocity at the level
of the instrument or “Cell Zero”

Profilers with the
Aquadopp® Z-Cel
extension can be mounted
on a surface buoy or
bottom frame

The monitoring of near
surface curments, enabled
by the Aquadopp® I-Cell,
may aid in the study of
harmiful algal Blooms,
sediment plumes, HAZMAT
spilll tracking and search
and rescue efforts.

Horizontal Profiling

Some applications requine 20 horizontal current profiles rather than
the standard vertical 3D profiles. This is possible with all Aquadopp
Profilers (mcept the 400 kHz model) through a special 20
side-looking transducer amangemaent.

The 2D side-looking Aquadopp® head can be used to measure 2D
(East and Northy Sow away from walls or boundaries, Typbcal
applications indude channsl flow monitodng where the Aquadopp®
is mounted on the channel wall - protected from foating debris -
and meaturaments ane made in the free flow away from the wall

Additional applcations that may benefit from this feature include
harbors and port entrances with complex current regimes. as well as

wwmmmmmm«umumﬂmmu
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Technical Specifications
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Model TWR-2050
Submersible Tide & Wave Recorder

The TWR-2050 is a self-contained, submersible logger, designed to
measure tide and wave data. In addition to averaging capability for tide
measurement, the TWR-2050 is capable of measuring bursts of
pressure data for wave analysis. The RBR Tide/Wave recorder is very
accurate and small (2656mm x 38mm OD). and can ba mounted on the
sea or harbour floor, fastened to an existing structure, or attached to a

moafing line.

Averaging tima is user-salectabla from 10 seconds to 9 hours. Burst
rates can be 1. 2, or 4Hz. Wave sampling is achieved by taking 512,
1024, or 2048 samples at the selected burst rate. The TWR-2050 can
be configured to trigger burst data collection at fixed times.

The temperature channel of the TWR-2050 is calibrated to an accuracy of £0.002°C (ITS-90), with typical annual drift of better than
0.002"Cfyear The depth channel is calibrated to an accuracy of 0.05%fs. Calibration constants are stored in the logger and
recalibration is possible by the end-user

The RBR Windows software package has a straight-forward logger set up display menu, which includes synchronizing the logger to
the PC clock, satting the sampling period, salting the averaging burst length, and star and stop logging date selection by means of a
graphical calendar Data can also be saved to a3 _mat fila for impon into Matlab® for further analysis and display.

RBR Windows Software is designed to give an indication of:

* Sample rate

* Tide burst duration
* Tide cycle time

® Wave burst duration

* Wave cycle time Beloior I i vous
* Spectral resohtion e [ Rt | Zacn im0
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Analysis of waves and wave specira

® & & & & & & 8 &

Maan lavel

Tidal slope

Significant wave height {Hs)

Min and max elevation from mean
Maan period

Mean zero crossing penod

Peak penod

Significant wave penod

Total energy
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008,
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Wam Specira
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0.04 20
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