
 
SOPAC Cruise Report 126 

 
March 1990  

 
 
 

OFFSHORE SURVEY FOR CONSTRUCTION MATERIALS 
 

NUKU'ALOFA AND VAVA'U 
 

TONGA 
 

9-30 August 1989 
 
 
 
 
 
 
 

by 
Robert Smith* 

Techsec 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prepared for: South Pacific Applied Geoscience Commission (SOPAC) Project: TG.6   
 
*Contributed by: Commonwealth Fund for Technical Cooperation (CFTC)  



 
[2] 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[CRl26 - Smith] 



 
[3] 

 
 

CONTENTS 
 

Page  
  
ABSTRACT            5  
PERSONNEL INVOLVED          6  
  
INTRODUCTION           7  
OBJECTIVES OF CRUISE          7  
 
EQUIPMENT and METHODS  
 Bathymetry           7  
 Navigation           8  
 Drilling           8  
 
RESULTS  
 Nuku'alofa prospect          9  
 Bathymetry           9  
 Drilling           9  
 Navigation towers          15  
 Vava'u Prospect          15  
  
CONCLUSIONS and RECOMMENDATIONS       16  
  
REFERENCE            18  
 
APPENDICES  
 1  Cruise log          19  
 2  Tide gauge plots         23  
 3  Benchmark data         27  
 4  Trisponder locations and computations      29  
 5  Borehole statistics         37  
 6  Navigation tower co-ordinates       39  
 
 
 
 
 
 
 
 
 
 
 

[CRI26 - Smith] 



 
[4] 

 
LIST OF FIGURES 

  
Figure            Page  
  

1  Location map         10  
 2  Track plot         11  
 3  Location basin A & C       12  
 4  Bathymetry         13  
 5  Seabed morphology/borehole location     14  
 6  Proposed site survey        17  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[CR126 - Smith] 



 
[5] 

 
ABSTRACT 

 
This survey was carried out to evaluate an alternative source for clean sands for 

the construction industry. Following a site survey, four holes were drilled in a sand basin 
north of Fafa Island, in water depths ranging between 9.2 and 12 m. Maximum 
penetration achieved was 3.8 m. Initial examination of the samples indicate the material 
drilled is good for landfill but too fine for use in the construction and building industry. A 
follow-up survey is planned in October/November 1989 to look at additional sand basins 
that lie in water depths ranging between 14 and 24 metres and lay northwest of Fafa.  
 

Twelve navigation towers within a 16 km radius of Nuku'alofa were fixed using a 
Del Norte microwave digital distance measuring unit. Latitude/longitude of the towers 
were computed both by Fiji Hydrographic Unit and CCOP/SOPAC Data Management 
from data collected.  
 

Recent studies by the Tongan Government geologists indicate an interim onshore 
sand deposit exists on Pangaimotu island with adequate reserves to supply the 
construction industry in Vava'u. A similar offshore drilling programme to that done in 
Nuku'alofa planned for Vava'u has been put on hold until a suitable platform can be 
arranged to support this operation.  
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INTRODUCTION 

 
At present there are only two sources of supply of material for the construction 

industry in Tongatapu. These are sands resulting from the production of aggregate from 
crushing quarried limestone and the removal of beach sands from beaches. Generally the 
material used from crushing contains too many fines hence is not a suitable source of 
material for block making. Beach sands presently used are in limited supply and as a 
result demand is far outstripping replenishment at the source level. An alternative source 
for clean sands is therefore sought offshore to provide material for the construction 
industry as well as landfill. For complete cruise log, see Appendix 1.  
 
 

OBJECTIVES OF CRUISE 
 
1) Determine volume and grades of sediment in two sand basin, A and C to the north 

of Fafa Island.  
  
2)  Make recommendations on the potential of sediment as constructional material.  

 
EQUIPMENT AND METHODS 

 
Bathymetry 
 

A De 719E Raytheon precision echo sounder was used for profiling the seabed, 
and digital output logged on a TI 1000 laptop using inhouse developed software.  

 
During the course of the survey tide data for reducing bathymetry to Lowest 

Astronomical Tide (LAT) being chart datum 0.0 metres was collected (see Appendix 2 
for plots). Within the survey area, bar checks were done to check recorder calibration. 
Reduced depths (to LAT) in the survey area are expressed in metres unless indicated.  
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Navigation Control 
 

Navigation control was with a Del Norte 520 digital distance measuring unit. 
Calibration was done prior to the start of the survey over a known range and the 
calibration factors recorded. The calibration factors then could be checked daily. The 
remote stations were surveyed with the assistance of Tevita Malolo of the survey 
department using a Sokkista EDM from known control points based on the Tongatapu 
Cadastral (see Appendix 3).  

 
 

 Grid     :  UTM Zone 1  
 Projection    :  Transverse Mercator  
 Spheroid    :  International  
 Unit of Measurement  :  Metres  
 System Accuracy   :  ± 1 m  
 

Appendix 4 contains all computations for calculating the trisponder remote co-
ordinates in UTM metres.  
 
Drilling  
 

The drilling system used is a vibro airlift drill mounted on a locally supplied 
barge. Details of the drilling rig assembly and operation can be found in Smith (1989). 
Positioning of the boreholes was done using the Del Norte trisponder system. Depth of 
penetration was monitored by an echo sounder a (De 719E Raytheon) with the transducer 
being mounted at the top of the drill column.  
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RESULTS 

 
Nuku'alofa Prospect  
 

Figure 1 is a location map illustrating the prospect area ranging from 7 to 10 
kilometres north of Nuku'alofa. Prior to taking the barge and drill assembly into sites A 
and C (Figure 2), a site survey was conducted to familiarize the author with the area under 
investigation. Figure 3 is a track plot of the lines run through basins A and C. A fix 
interval of 30 seconds was used for lines 1-6 and one minute for line 7.  
 
Bathymetry  
 

Figure 4 gives the bathymetry of the survey. Visual observations, plus 
interpretation of the seabed morphology from the bathymetric records were used to 
compile a seabed morphological map of the survey area. This is shown in Figure 5. Two 
type zones were identified, a sand rich zone, and a patch reef zone. Within the patch reef 
zone, coral heads were particularly abundant.  
 
Drilling  
 

Figure 5 illustrates the location of the four holes drilled in a north-south trending 
sand basin. Because of the deeper water depths encountered to the northwest, drilling was 
contained in the shallow portion of the basin. Appendix 5 contains the borehole statistics. 
Sample recovery was very good, with large volumes of samples recovered with little loss 
in particular the fines. From field observation the samples collected were generally 
medium to very fine sands with an abundance of large forams. Noticeably absent were 
shell, coral/rock and especially acropora fragments. Initial interpretation suggests that this 
material is good for fill but not for construction (Reidel, pers. comm.). No clean sands 
were observed. Water depths drilled in ranged from 12 m to 9.2 m.  
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Navigation Towers  
 

During the course of the survey navigation towers were positioned using the Del 
Norte trisponder system. Appendix 6 contains a listing of the tower positioned, their 
calculated UTM, and respective latitude longitude. Computation of the latitude/longitudes 
were provided by both the Hydrographic Office of the Fiji Marine Department as well as 
the Data Management section of the SOP AC Technical Secretariat for comparison and 
checking. Computed values showed discrepancies no greater than 1 second. The first 10 
towers were positioned using the remotes, station 1 and station 2, at Faua Harbour and at 
the end of the seawall west of Fisheries respectively.  
 

The remaining two towers Hakau Mama'o and Malinoa were positioned using 
station 3 Fafa rear lead on the 9 metre tower, and station 2 again at the end of the seawall. 
In addition to the towers, the channel marker buoy east of Hakau Mama'o was also 
positioned. On plotting the computed latitude/longitude values of the towers surveyed a 
constant discrepancy was noted. As the reason for the error in the plots is not yet known 
these values must be treated carefully until further checking can be done.  
 
Vava'u Prospect  
 

A quick overnight trip was made to Vava'u to check on the suitability of the barges 
locally available to mount a similar operation to that done in Nuku'alofa. Also an 
additional site inspection of the offshore area considered as a potential sand deposit was 
done.  
 

Prior to the author's visit, the government geologist for the Tonga Lands and 
Survey Department had visited Vava'u and a review of onshore sand deposit was done. 
From that visit a new source of sand was located on Pangaimotu island, a beach adjacent 
to the King's Estate at Pangaimotu. Results of the survey of this area are with the Lands 
and Survey Department in Tonga. At present the sand for the construction industry is 
extracted from borrow pits on Tutuloa beach just north of Koloa island. The sand here 
appears to be finer than the sands at Pangaimotu.  
 

Figures obtained from the Lands and Survey Department for tonnage sold by the 
government to local industry and the private sector, in 1988 a total of 3,339 tonnes, and to 
August 1989 only 549 tonnes had been sold.  
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CONCLUSIONS and RECOMMENDATIONS 
 

The construction of a light weight (aluminium construction) self propelled 
portable barge system, to be permanently attached to the drill system is seen as a very 
important addition. It is evisaged such a barge would be able to be transhipped in one 
fullsize container. The flexibility of this system would allow us to work in member 
countries where no support barges are presently available.  
 
Nuku'alofa  
 
1) To resolve the sand basins off Fafa Island a detailed site survey (Figure 6) is 

proposed prior to drilling. It is therefore proposed to do both exercises in 
October/November.  

 
2) The type of dredging operation needed will be reviewed based on the data 

collected from the survey, parameter being where the sand is and the water depth 
of the deposit.  

Vava'u  
 
1) No suitable platform is presently available in Vava'u to support a drilling 

operation. Alternatives are to tow the existing barge from Nuku'alofa to Vava'u 
which is not recommended as it is too expensive, and from a safety point of view, 
the barge in question is not oceangoing.  

 
2) A site survey, to include bathymetry and high resolution seismic must be done 

first to define drilling targets. This could be accomplished during the mobilization 
of the drilling system.  
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APPENDIX 5 

 
BOREHOLE LOG 

 
 
 
 

Borehole No.   Grid Reference   Water Depth  Sampling Interval  
  
 1  691283.8,7668001.0   10 metres   0-3 bulk sample  
  
 2  691256.2,7667877.0   12 metres   0 - 1.0 m  
       1 - 1.8 m 
       1.8 - 3.0 m  
  
 3  691346.8,7667810.5   12.2 metres   0 - 1.5 m  
       1-205m 
       2.1 - 3.2 m  
  
 4  691596.0,7667851.0   9.4 metres   0 - 1.5 m  

1.5 - 2.5 m 
2.5 - 3.5 m 
3.3 - 3.8 m  
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