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SUMMARY 

 
This report details the multibeam bathymetry results for the proposed pipeline route as of 7 
March 2001. Preliminary survey results were detailed in the SOPAC preliminary report 130 of 
the lagoon and fore-reef slope for site selection of a deep-sea tailings pipeline (DSTP) route. 
The area surveyed included the lagoon and fore-reef slope to the east of Cape Bocage. The 
survey involved the acquisition of multibeam bathymetric data and CTD profiling data. A total 
of 523 line kilometres of data was collected by the South Pacific Applied Geoscience 
Commission (SOPAC) during the period 29th November to 6th December 2000.  
 
Six sheets have been compiled of the bathymetry along the tentative pipeline route, at a scale 
of 1:5000, with map co-ordinates in metres based on UTM Zone 58, IGN 1972 datum.  
 
General conclusions are:  

• The dataset has delineated a narrow ridge, scarp, plateau sequence that dominates 
the centre of the lagoon and extends for considerable distance along a northwest-
southeast axis.  

• The plateau is interpreted to be drowned reef that has been structurally controlled by 
faulting.  

• A number of deep depressions delineated south of the ridge in the lagoon are 
interpreted to reflect the underlying sub-surface, sink holes in a buried reef horizon 
rather than scoured features caused by currents.  

• The fore-reef slope adjacent to Pass de Ugue shows two prominent scarps at 34 m 
and 70 m separated by a terrace between 60- and 70-m isobaths.  

• Offshore the fore-reef morphology is complex, reflecting significant structural control 
through faulting.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[SOPAC Technical Report 326 – Smith] 



 
[6] 

 
INTRODUCTION AND OBJECTIVE 

 
The primary objective of the swath mapping survey was to provide bathymetric data to define a 
suitable Deep-Sea Tailings Pipeline (DSTP) route for the two proposed alignments shown in 
Figure 1. The survey area is to the east of Cape Bocage on the east coast of the Northern 
Province. Based on the initial bathymetric results provided in Smith 2000 for the multibeam 
survey of the lagoon and fore-reef slope, a tentative route has now been defined Figure 1. This 
information was conveyed in a fax of 7th March which further requested "high-resolution data set 
along the proposed alignment broken down to a manageable size." 
 
This report details the production of this data set and maps. The field survey was undertaken 
during the period 29th November to 6th December 2000.  

 
 
However, following modelling studies (pers. comm., NSR) the proposed pipeline route was 
amended. The new proposed alignment was to move the pipe to the northwest of the survey 
area and pass offshore through the southern arm of the passage "Pass de Ugue" (Figure 2). 
Fortunately the survey was extended further north and was to capture  
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sufficient data to generate a series of maps for route-planning purposes. This report details 
the compilation and interpretation of these maps based on the new alignment.  
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EQUIPMENT & METHODS 
 

Navigation Control 
 
Navigation control was accomplished with a Trimble OMS12 RS and a OMS 121 mobile real-
time differentially-corrected GPS system. Map coordinates are based on WGS 1984 spheroid, 
UTM zone 58 projection. The reference station for real-time OGPS was set on an established 
position located at Modiou. Station reference information was provided in the document 
describing site "17-0B-Presquile Lebris". The reference station was sited on location "0", a 
bronze marker set in a rectangular slab of concrete with the station geographical co-ordinates 
(in WGS84) as longitude 165033' 357024" east, latitude 21010' 05.2428" south; and with an 
elevation of 481.609 m. Station details and locations are provided in Appendix 1. 
 
Survey base map 
 
The survey base map was based on the hydrographic chart FR, SHOM (French 
Hydrographique Service), graph, 6529. Hydrographic navigation software used to control 
survey planning and execution was HYPACK from Coastal Oceanographics. Backdrop survey 
maps were electronic charts from C-Map.  
 
Multibeam Bathymetry 
 
Background  
 
High-resolution swath mapping, using multibeam echosounders, is able to map a complete 
underwater landscape in a fraction of the time that is currently required by a single-beam 
echosounder, and with greater accuracy. Computer-processing of swath mapping data can 
produce data visualisations that render complex three-dimensional concepts into simple, 
informative, colour diagrams for the lay observer.  
 
Swath mapping of the sea floor is carried out using sophisticated multi beam echosounders 
fitted to a ship or towed at depth. A computer is used to co-ordinate the large amounts of 
imaging information with the ship's position and attitude at very close time intervals. With 
further processing, an image can be created that represents, in fine detail, the morphology of 
the sea floor as well as objects on the sea floor.  
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Multibeam configuration  
 
The system used is a Reason 8101 multibeam system. Details of the system configuration are 
given in Appendix 2.  
 

RESULTS 
 
Data processing 
 
Based on the new pipeline alignment, a map series consisting of six sheets was compiled for 
the proposed route. Each sheet is based on a matrix with a cell size of 2 m for data extraction 
from the multibeam data set. Each sheet was drawn to incorporate a 500-m overlap. Additional 
information on data processing can be found in Appendix 2. 
 
Tide analysis 
 
To correct for tides and reduce the data to Chart Datum, computed data and field data were 
compared. Real-time data for the tides covering the survey period were kindly provided by 
NSR who had a tide gauge in the survey area since early October. However, at the time of 
processing the gauge had not been leveled to a specific datum. Using the tidal constituents for 
Baie de Poro, Table 2, from the British Admiralty Tide Tables for year 2000, a tide level with a 
time step of 10 minutes (to match the field data) were compared. 
 
 
 
 

 
 
 
 
 
In Figure 3 the graphed tides for Moneo are illustrated. The blue curve represents realtime 
data from 4th October through to 10th December. The dark curve shows the predicted tides. 
Using a MSL value of 0.8 m both, datasets were reduced to chart datum. Good agreement 
was seen in both phase and amplitude. Amplitude variations in tide levels between the 
predicted and actual tides were noted on occasions (meteorological  
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influences); the final tide curve used for the processing was based on the real-time data. Tide 
files have been included on the data-CD.  
 

 
 
Bathymetry of proposed pipeline alignment (sheets 6 through 1) 
 
Based on the amended alignment of the DTSP shown in Figure 2, a six-sheet series at  
1:5000 scale was generated. Figure 4 is an index map for the layout of the six maps. The 
large-scale plots can be found as Appendix 5.  
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Sheet 6 
 
Sheet 6 represents the data for start or the shore end of the pipe route and Sheet 1 the end of the 
DTSP offshore. Large-scale plots of the sixsheets are contained separately in folder pockets this 
report. Contouring of the large datasets was done with QuickSURF, and final maps compiled 
within the AutoCAD R14. For each map in the series the legend contains details of the file used to 
compile the sheet. The files include the ASCII xyz file based on a 2-m matrix with the file 
extension ".qs", a surface file used with Quicksurf , file extension".qsb", which contains the 
gridded data and the dwg AutoCAD file representing the final contour plots. All files are provided 
on the CD-Rom in Appendix 6. 
  
From the fringing reef of Cape Socage the sea bed drops rapidly to an average depth of 16 m, 
the isobath considered best to define the base of the reef platform. Gradually descending, the sea 
floor reaches an average depth of 50 m about 3.5 km offshore. The  
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sea floor is quite featureless throughout this sheet except for the scarp of the fringing reef 
platform of 1I0t Ague captured at the northern edge of Sheet 6.  
 
Sheet 5  
 
The sea floor again is quite featureless with little relief, and a gradual decent to the northeast. 
The reef platform of 1I0t Ague is captured in the dataset lying to the northwest of the route.  
 
Sheet 4  
 
The deepest portions of the lagoon occur in this sheet. A number of broad depressions 
delineated by the 52-m isobath are evident. These depressions are interpreted to be partially 
infilled sinkholes or lagoon pools in a subsurface that may be an extension of the reef ridge 
described in Sheet 3. The nature of this substrate would best be confirmed with seismic-
reflection data. Apart from those features, sea floor relief approximates a gentle undulating 
plain.  
 
Sheet 3  
 
The most significant bathymetric feature in this sheet is a ridge, bounded by a scarp to the 
southwest and a plateau extending to the northeast. This bathymetric feature is located midway 
across the lagoon. With a northwest-southeast axis, the ridge has a prominent scarp on its 
southern side rising from 49 m to a depth of 34 m over a horizontal distance of approximately 
250 m. The scarp approximates a slope of 3.5 degrees. The 49-m isobath best delineates the 
base of the scarp, with the 34-m isobath defining the top of the scarp. From the 34-m isobath 
the sea floor extends towards the northeast as a plateau across the lagoon for a distance of 
about 2660 m. Although scattered coral heads or patches are evident on the plateau, they are 
not numerous. The morphology of the plateau suggests that this may have been an extensive 
reef platform that developed during an earlier sea-level stand, but failed to further develop with 
sea-level rise. The linear nature of the feature also suggests that this feature may be a surface 
expression of a northwest-southeast fault block or margin.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[SOPAC Technical Report 326 - Smith] 



 
[13] 

 
Sheet 2 
 
Sheet 2 is a continuation of the plateau seen in Sheet 3. At the northern edge of the plateau, 
the sea floor then dips gently to forrn a broad rnoat 43 rn deep at the northern edge of the 
sheet. A nurnber of coral heads are evident on the plateau. A srnall rnound with sorne 2-3 m of 
relief can be seen on the inner slope of the moat. The existence of this rnoat suggests that 
sorne scouring due to current flow does occur.  
 
Sheet 1 
 
Sheet 1 covers the barrier reef, the southern arm of the passage Pass De Ugue and the fore-
reef slope to depths greater than 200 m.  
The barrier-reef slope on the lagoon side is steep with slopes as high as 40 degrees. The 
southern passage captured in the data set is narrow and is best defined by the 34-rn and 35-m 
isobaths, and is narrow at depth with an average width of 100 m. On the western side of the 
passage a number of large reef patches dominate. Beyond the passage the morphology of the 
fore-reef slopes reveals two very distinct scarps that are considered to be fault induced. The 
shallower of the two scarps is delineated well by the 35-m isobath and the second, deeper 
scarp by the 75-m isobath. A prominent reef terrace between the 50-m and 70-m isobaths 
separates the two scarps. This terrace varies in width from 5070 m, widening considerably to 
well over 150 m at the juncture of Pass de Ugue proper and the fore-reef slope. To the west 
both scarp features terminate at this same juncture. The head of a small canyon defined by the 
115-m isobath parallels the base of the lower scarp, running in an easterly direction before 
turning northwards. Further to the northwest the head of a larger canyon, best defined by the 
180-m isobath, also shows an initial subtle easterly trend before turning northwards.  
 
An unusual feature that was seen in the upper scarp is a small break occurring adjacent to the 
southern passage, suggesting this to be an erosion feature. Overall the fore-reef morphology 
in this area appears quite complex, reflecting significant structural or tectonic influence.  
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CONCLUSIONS 

 
• The dataset has delineated a narrow ridge, scarp, plateau sequence that dominates 

the centre of the lagoon and extends for considerable distance on a northwest-
southeast axis.  

• The plateau is interpreted to be drowned reef that has been structurally controlled by 
faulting.  

• A number of deep depressions delineated south of the ridge in the lagoon floor are 
interpreted to reflect the underlying sub-surface, either in filled sink holes, or small 
inner lagoons in a buried reef horizon rather than scoured features caused by 
currents.  

• The fore-reef slope adjacent to Pass de Ugue shows two prominent scarps at 34 m 
and 70 m separated by a terrace between 60- and 70-m isobaths  

• Offshore the fore-reef morphology is complex, reflecting significant structural control 
through faulting.  
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Multibeam Configuration, Calibration and Processing 
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Multibeam Configuration, Calibration and Processing 
 

The system used is a Reson 8101 multibeam system with the following configuration of sensors:  
 
Multibeam Echosounder: The 8101 multibeam system has 101 beams operating at a frequency 
of 240 kHz and has a swath width at 150 degrees of x 7.4 the water depth for depths 0-70 m. 
Depth capability of the system is limited to 300 m. The range resolution of the system is 5 cm. The 
transducer head can be installed on a vessel of opportunity as an over-the-side mount on a rigged 
pole and plate assembly. The acoustic centre, that is X, Y, Z of the subsurface unit, is used as the 
reference position for the survey.  
 
Multibeam Bathymetry Collection System, the SeaBat 6042: Essentially a computer with 8 
serial ports, this is a dedicated data-collection system that combines the data from the onboard 
sensors for vessel heave, roll, pitch, heading and position, time tagging them for post processing. 
The 6042 records the raw data in its own format with the file extension .svy. For post processing, 
raw data files can be exported in a number of different formats depending on the type of multibeam 
software used for editing the data.  
 
Multibeam Side Scan: From the multibeam data, sidescan imagery can be recorded and is 
available in an XTF format. This removes the need for a separate piece of equipment, which is 
usually towed behind the vessel.  
 
Navigation system: This is required to provide real-time information to the vessel helmsman for 
navigating along the planned track lines of the survey. This is accomplished using Hypack 
Hydrographic software. With HYPACK TM, of the NMEA output from the mobile GPS receiver is 
translated into a graphical plot of the vessel movements.  
 
Heading Sensor: A heading sensor is required to measure the orientation of the vessel. The 
system used is a Scan 2000 gyrocompass. This provides heading data to 0.01 of a degree which 
are logged by the SeaBat 6042. The heading is output from the 6042 to the motion sensor. The 
gyro sensor on installation is aligned with the centre line of the survey vessel.  
 
Motion Sensor: This is essential to correct the swath data for vessel movement, namely heave, 
pitch and roll. The unit used is a VRU1 0 motion reference unit. The sensor, once installed, 
requires that the offsets of its reference frame of origin are measured with respect to the survey 
origin, in this case, the acoustic centre of the multibeam system, and inserted in the 6042 program 
set-up system offsets.  
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Water Velocity Profiler: Sound velocity measurements in the water column are required to 
correct for beam refraction as the sound passes through the water column. Sound velocity profiles 
in the survey area are measured using a Seabird CTD, computed for every 0.5 m and applied 
during the processing and editing phase. During data collection a constant velocity of 1540 msec-1 
was set in the Sea Bat processor 
 
Multibeam Bathymetry Data Editor: multibeam data, once collected, require editing and cleaning 
before presentation of data can be considered. This is accomplished using HYSWEEP software 
from Coastal Oceanographics Inc. 
 
Tidal reductions: All bathymetric data acquired during the survey are reduced to chart datum 
based on tidal corrections provided by the Nautical Almanac for Vuda Point. These corrections are 
applied during the editing and cleaning of the data. 
 
Multibeam Data Presentation software: Commercially available software that accepts X, Y, Z 
points can be used. Once the datasets have been cleaned and reduced, presentation of the data 
can be accomplished in software package is such as AutoCAD using QuickSURF, MaplNFO using 
Vertical Mapper, or Surfer for that matter.  
 
Patch Test Calibration 
 
The patch test is a multibeam calibration procedure that is completed after installation and set-up 
to calculate sonar roll, pitch, and yaw and GPS latency errors in the multibeam data. Data for the 
patch test are collected over specific bottom terrain in a specific order. The roll angle test is done 
in an area where the bottom terrain is smooth and flat, running the same line in different directions 
at survey speed. Latency test follows, running a line twice in the same direction up a slope once at 
survey speed and once as slowly as possible. The pitch test is done running reciprocal lines with a 
slope at normal survey speed. Lastly, the yaw test is done by running offset lines in the same 
direction, approximately 2 to 4 times water depth apart. The roll test is by far the most important, 
because it is misalignment in the roll direction that leads to the greatest survey errors.  
 
The data collected for the patch test are converted from the Reson 6042 .svy file format to a .hyp 
format used in the HYSWEEP patch-test program. Having completed the processing for the patch 
test, the computed angles and latency times are then configured in the set-up system offsets for 
the multibeam data-collection system. An interesting and important feature of the 6042 is that 
multibeam data can be collected immediately, or prior to running the patch test, as the raw survey 
data can be reprocessed and exported in a different format, leaving the raw data unchanged.  
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Multibeam data processing 
 
Patch Test calibration 
 
Processing the patch files the following files were used in the final analysis.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Results of the patch test used for reprocessing the data using the Win6042 program are shown 
in the above table. 
 
Multibeam data files 
 
A log of all the files for the multi beam data is provided in Appendix 4. The original data files 
have the file extension *.svy and are archived on CD ROM. For processing, the raw Mon* .svy 
files will be reprocessed with the 6042 program using the patch-test parameters and output as 
Mon*.hyp files. This file format is then imported into HYSWEEP, the multibeam editing 
software. The *.hyp files will also be archived on CD-ROM.  
 
Once the processed *.hyp files have been generated, editing and cleaning of the multibeam 
data was completed, using HYSWEEP. Each file is first imported into the sweep editor along 
with a tidal correction file and sound velocity file. Tidal and soundvelocity-profile correction files 
have been archived along with the .swp files in a directory called \datum. The graphical 
representation of all collected data, position, heave, heading and soundings, makes it easier to 
separate good points from bad.  
 
Once satisfied with the graphs, the Sweep Editor will convert the raw survey data into X, Y, Z 
depth points and redisplay them, again in a graphical format. In multibeam surveys, data spikes 
in the dataset occur due to fish, bubbles, hull turbulence, etc. The application of an automatic 
filter removes the spikes quickly but is best for flat bottom topography.  
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Sounding reductions 
 
Multibeam surveys produce a lot more data than are actually required, particularly for 
presentation. Sounding reductions of a multibeam data set are done using the Mapped 
program in HYSWEEP. This program will load an entire survey and reduce the data to the 
desired density. This data reduction is accomplished through gridding. A grid is created from a 
matrix with rectangular cells of any size; the soundings are loaded and reduced to one per cell.  
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APPENDIX 3 

 
Survey Log 
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APPENDIX 4 

 
CTD Profiles 
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APPENDIX 5 
 

Bathymetric Map Sheets 1 through 6 (in pocket) 
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CD-Rom Data Files 
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