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1. Introduction

1.1.Background

The Bonriki Inundation Vulnerability Assessment (BIVA) project is part of the Australian
g2 @S NY Y Sy (icAustralia ICKatg AGDange Science and Adaptation Planning Program
(PACCSAP), within the International Climate Change Ataptaitiative. The objectives of PACCSAP
are to:

9 improve scientific understanding of climate change in the Pacific;
9 increase awareness of climate science, impacts and adaptation options; and
1 improveadaptation planning to build resilience to climate cganmpacts.

The BIVA project was developed by the Geoscience Division (GSD) of the Secretariat of the Pacific
Community (SPC) in partnership with the Australigrernment and the Government of Kiribati
(GoK).

1.1.1. Projectobjectiveand outcomes

The BIVA proj aims to improve our understanding of the vulnerability of the Bonriki freshwater
reserve to coastal hazards and climate variability and change. Improving our knowledge of risks to
this freshwater resource will enable better adaptation planning by thE.Go

More specifically, the project has sought to use this knowledge to support adaptation planning
through the following outcomes:

1 Improved understanding and ability to model the role of reef systems in the dissipation of
ocean surface waves and the geation of longerperiod motions that contribute to coastal
hazards.

1 Improved understanding of freshwater lens systems in atoll environments with respect to
seawater overtopping and infiltration, as well as current and future abstraction demands,
recharge senarios and landise activities.

1 Enhanced data to inform a ridkased approach in the design, construction and protection of
the Bonriki water reserve.

1 Increased knowledge provided to the GoK and the community of the risks associated with
the impact of castal hazards on freshwater resources in response to climate change,
variability and sedevel rise.

1.1.2. Context

The Republic of Kiribati is located in the Central Pacific and comprises 33 atolls in three principal
island groups. The islands are scattereithin an area of about 5 million square kilometr&he

BIVA project focuses on the Kiribati National Water Reserve of Bonriki. Bonriki is located on Tarawa
atoll within the Gilbert group of islands in Western Kirib@&iror! Reference source not found.

South Tarawa is the main urban area in Kiribati, with the 2010 census recording 50,182 people of the
more than 103,058 total population (KNSO and SPC 20fpacts to the Bonki water resource

from climate change, inundation, abstraction and other anthropogenic influences have potential for
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severe impacts oiJS 2 LJivéiload of South Tarawa. The Bonriki water reserve is used as the
primary raw water supply for the Publidilities Board (PUB) reticulated water system. PUB water is
the source of potable water use by at least 67% of the more than 50,182 people of South Tarawa
(KNSO and SPC 201Rgy infrastructure including the PUB Water Treatment Plant and Bonriki
International Airport and residential houses are also located on Bonriki, above the freshwater lens,
making it an important economic, social and cultural area for the Republic of Kiribati.

Tarawa Atoll

Google earth
¢

PS Quick Bird Acquisition Date 31 March

Figurel. Bonriki Water Reserve Location
1.2. Purposeof this report

This report provides a summary of the bathymetric survey activities undertaken as part of the
coastal component of the BIVA projed&s illustrated inFigure2, the project consisted of three
interlinked components stakeholder engagement, groundwater investigations and analgsid
coastal investigations and analysithe single beam survey to collect bathymetric data, providing
information on the depth and morphology of the seafloor, as well as the shape and size of
submarine features, was designed as an input into the coastal component. This contributed to the
develpment of a seamless coastal terrain model used in the running of the hydrodynamic
inundation model.

Page |2 Bonriki Inunéhtion Vulnerability Assessment
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updates
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Cost-Benefit
analysis

A4 1
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Figure2. Bonriki Inundation Vulnerability Assessment project components

1.3. Scopeof this report

The depth and shape of the sé&&dr significantly influences the way that waves interact with the
shoreline. A good knowledge of the bathymetry is therefore essential in the approach taken in this
study, which uses a hydrodynamic model to investigate the potential of coastal inundatids.
report details the bathymetry survey as per the report structure below:

1 Section 2 provides the methodology and the details on the data acquisition and processing
9 Section 3 provides the results from the bathymetry survey
1 Section 4 contains a conclusio

Page |3 Bonriki Inunéhtion Vulnerability Assessment
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2. Data acquisition and processing

2.1. Fieldwork summary

Four different areas of Tarawa atoll Kiribati (Figure3) were surveyed with a single beam
echosounder (SBES) between 25 November, 2013 and 8 DecemberTB6348.are shown iRigure
3 below.

Figure3. SBES survey areas in Tarawa atoll

¢ KNBS 27F {t Digsion (DS stali 5ubvgyedShe areas, assisted by the owner ofra 4.5
aluminium punt.

Tablel. Field personnel

GSD
Salesh Kumar  Hydrographic Surveyor

Zulfikar Begg Senior Technical Asistan

Aseri Coastal Mapping
Baleilevuka Assistant

Vessel

Keannatu Captain

2.2.Singlebeamecho sounder

An Odom Echotrac CVM SBES was temporarily installed on a small aluminiu(Ridpaas), and
used to provide single point soundings. A SBES provides information about the water Hegth.
equipment was powered bigvo 12V batteresin parallel with an AC inverter.

Positioning during the survey was by differential GPS, using a Trimble SPS 852 Global Navigation
Satellite System (GNSS) with a horizontal accuracy oh®2ppm RMS, and eertical accuracy of
0.50m +1ppm RMS.

Page |4 Bonriki Inunétion Vulnerability Assessment
Bonriki, Tarawa, Kiribati



Single Beam Survey
Bonriki, Tarawa, Kiribati

A good satellite constellation status was observed throughout the survey.

Figure4. Survey boat
The main instrumental and operating parameters are listed below.

Table2. Single beam echo soundanain instrumental parameters

Instrumentation \

Single beam Echotrac CVM

echosounder

Transducer mount Port side, pole mounted

Positioning Trimble SPS 852 GNSS (independent system with Fugro G2 signal)
Sound velocity probe at Not applicable. Conductivity, temperature and depth casts were used |
transducer determine sound velocity

Table3. Single beam echo soundanain operating parameters

Operating parameters
Transducerfrequency 200 kHz
General water depth ~ 1-100m
Average ship's speed 3 knots

Transmit power Variable
Pulse length Auto pulse length
Ping rate Variable

Table4. Single beam echo sounderffset calibration parameters

Offsetcalibration

Transducer draft 0.23m
GPS latency correction 0.00
GPS antenna ¢l.20m

2.3.Tidal information

Page |5 Bonriki Inunéhtion Vulnerability Assessment
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Observed soundings from the SBES were reduced to the chart datum usmipsig sea level data
from the tide gauge in Betio, Tarawa, through t8euth Pacific Sea Level and Climate Monitoring
Project!

A secondary tide statiog a free-standing tide pole next to the old jetty at the survey area in Bonriki
Lagoong was established to provideedundancy Tidal data were recorded for 25 hours at theet
pole, for comparison with tidal data from the sea level tide gadggpéndixA).

A levelling run used a Leica spirit level from benchmark PTP25 located on the old jetty, to the tide
pole (Appendix B) was done to connect the tide readings to a knowchbeiark on the land.

2.4.Geodetic reference system

The geodetic reference data in the table below were used to map the survey results.

Table5. Geodetic reference data

Geodetic datum WGS84 |
Ellipsoid WGS84
semimajor axis (a) 6378137
semimajor axis (b) 6356752
inverse flattening (1/f) 298.2572
eccentricity sq. (e2) 0.006694
Projection UTM Zone59 North
projection type transverse mercator
origin latitude 00°00'00.000" North
origin longitude 168°00'00.000" East
origin falseeasting 500000
origin false northing 0
scale factor 0.9996
grid unit metres
Geodetic transformatiorfrom WGS84 (GPS satellite datum) to UTM 59 North
source coordinate system WGS84
target coordinate system UTM 59 North
Transformationparameters
dXx 0
dy 0
dz 0
rx 0
ry 0
rZ 0
scale 0
! http://www.bom.gov.au/pacificsealevel/index.shtml
Page |6 Bonriki Inundtion Vulnerability Assessment
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2.5. Speedof-sound profiling

The accuracy of depth soundings depend in part on the variation of the speed of sound with water
depth. This is because the acoustic beams pass through a water column that has varying properties,
causing refraction of the beam. The sound speed structutbefvater column is determined from
measurements of temperature, salinity and depth with conductivity, temperature and depth (CTD)
sensor.The main instrumental, operational and processing parameters are listed below.

Table6. Speedof-sound profiling main instrumental parameters

CTD instrumentation

Make SeaBird Electronics

Model SeaCat 19+ (sghiowered, selcontained)
Serial number 2795

Depth rating 3000m

Table7. Speedof-sound profiling; mainoperating parameters

Operating parameters

Sample rate 1 scan every 0.5
Maximum Limited to 100m due to rope length
depth
Data recorded Profiles of conductivity, temperature and
pressure
Page |7 Bonriki Inunétion Vulnerability Assessment
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Table8. Speedof-sound profiling; main processing parameters

Data processing |

Positioning The profile position was taken at the GPS antenna near the start of the
downcast. Vessel drift may have been significant ab@ver the duration of
the profile

Data conversion Converted raw data (.hexd a .cnv file. Values output from the recorded date
are:

pressure (dbar)
depth (m) (derived using salt water at local latitude)
temperature (°C) (IT90)
salinity (psu) (derived)
density (kgn-3) (derived)

9 sound velocity (n$-1) (derived using Chen and Millero, 1977)
Bin average Averaged data into in depth bins. No filtering was applied

Output Processed data were saved in ASCII text format with the file name
date_location_bin.cnv.

=A|=A|=2|=2 =

The CTD profile details are listed below. The summaries of the CTD profile data in graphical form are
shown in Appendix C, and a map of the CTD locations is showgure5. All dates and times are
given in the local Kiribati time zone.

Table9. CTD profile details

Profile location Easting Northing Depth
I (1) B
Bonriki Lagoon 3/11/2013 14:20 736891.1 152054.2 7
Bonriki Lagoon 2/12/2013 13:36  718838.7 1578219 20
west

Offshore east 8/12/2013 12:48 740409.3 1529809 70
Offshore east 8/12/2013 13:06 738786.5 1541404 30
Bonriki Lagoon 3/12/2013 14:35 735886.4 1518759 10
Bonriki Lagoon 3/12/2013 14:40 737114.6 152654.9 3
Bonriki Lagoon 3/12/2013 15:47 736613.3 152690.2 1
Page |8 Bonriki Inundtion Vulnerability Assessment
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Figure5. Map showing the location of CTD casts

2.6.Single beam echo sounder data processing

A Windows XP laptop runningHYPACK 201&as used for continuous online data logging and
computation of positioning and digital bathymetry. The online operator continuously monitared
range of quality control parameters.

On return to the SPC office in SuPACKRO013asoftware was used to pogirocess the survey
data. Posfprocessing is a form of data reduction, which involves checking, calibration, cleaning and
preparation necessg to convert raw measurements into a form suitable for analysis, application
and presentation. Pogprocessing produces ASCII listings of gridded easting, northing and depth
(XYZ) points. The processing and chart production sequences are listed below.

Tabe 10. Postprocessing and chart production sequences

Postprocessing sequence

Phase 1 Apply tidal, draft and sound velocity corrections

Phase 2 Filter to remove pooquality beams and spikes. Edit manually to remove out
from individual survey lines

XYZ output  ASCII XYZ files (easting, northing, depth) are in the project coordinate systel
final output consisted of a file that includes all pgsbcessed sounding points

3. Results

Around 176 line kilometres of seabed werapped using the SBES during this survey (Figq®s
The survey lines were spaced at 100 meter intervals in eastern Bonriki Lagoon, 50 meter intervals in

Page |9 Bonriki Inunéhtion Vulnerability Assessment
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the centre of the lagoon, 200 meter intervals in the eastern offshore area and 500 meter intervals i
the western offshore area. Water depths ranged from 1 to 6 meters in the eastern Bonriki lagoon, 1
to 8 meters in the centre of the lagoon, 5 to 50 meters in the eastern offshore areas and 5 to 100
meters in the western offshore areas.

Figure6. SBES survey coverageastern Bonriki Lagoon, from shallow to deep ( red to purple as shown by the
colour scale)

Page |10 Bonriki Inunétion Vulnerability Assessment
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Figure7. SBESoverageg eastern offshore area

Figure8. SBESoveragec; central lagoon
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