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EXECUTIVE SUMMARY 

 
The proposed action plan for offshore aggregates extraction for Tongatapu report explains the 
current dredging operations in Tongatapu, presents the results of the sediment analysis for the 
samples collected from the dredge sites and provides detail of activities that are envisaged to 
improve dredging operations in Tonga. As management of offshore aggregates dredging is 
relatively new in Tonga, therefore, the proper coordination and management of all dredge 
activities should be developed and maintained, to ensure sound environmental management, and 
a cost-effective and productive operation.  
 
Offshore aggregate dredging started in Tongatapu in October 2003 by Tonga Ports Authority 
(TPA). This was followed by the commencement of Vete Holding Corporation Limited (VHCL) 
dredge operations in July 2004. The type of dredge systems acquired by these two companies 
and their capabilities are discussed in this report together with their respective dredge operations. 
It is important to understand the general overview of the dredging operations in Tongatapu prior 
to developing an Action Plan that is intended to guide and assist dredge operators. 
 
Sea bed sediment samples collected from Basin A, and the two active dredge sites (North Atata 
and Fukave) during the marine surveys in November 2003 and August 2004 were analysed for 
grain size and composition. These samples were either taken from the seabed surface or 
collected from the dredged sediment stockpiles. The purpose of this exercise is to identify the 
type of sediments present in these areas and to determine their suitability as construction 
materials. The results revealed that aggregate resources in North Atata, Basin A and Fukave, 
though displaying minor variations in terms of grain size and composition, are suitable to be used 
as construction materials. However, environmental considerations around Fukave and North 
Atata suggest dredging should only be done in Basin A, and Fukave should only be used as a 
temporary site.       
 
The Proposed Plan of Action for Offshore Aggregate Extraction in Tongatapu has been 
developed based on information collected from stakeholders consultations, two marine surveys in 
(2003 and 2004), dredging operation observations, sediment assessment, and findings of the EIA 
study in Tongatapu. The Plan proposes a process that commences from feasibility study through 
consultation, dredging processes, acquisition of relevant equipments and facilities to monitoring 
and site rehabilitation. 
 
The Plan of Action aims to improve the overall operation, the proper management of various arms 
of the operation and to ensure dredging is viable and environmentally friendly. In order to attain 
this, the Action Plan highlights the areas of operation that require improvements and proposes 
appropriate actions to ensure maximum benefits can be achieved. Key-stakeholders 
responsibilities including relevant regional organizations have been defined in support of an 
integrated approach and to achieve a practical Action Plan for Dredging in Tonga. The Dredging 
Operation Coordinating Committee (DOCC) has been tasked to facilitate and coordinate all 
dredging-related activities.    
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The Plan of Action for offshore aggregates extraction in Tongatapu is an integral component of 
the Proposed Guidelines and Monitoring Procedures for Aggregate Extraction for Tongatapu. The 
two documents should be considered conjointly.  
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INTRODUCTION 
 
Past near-shore aggregate extraction and beach sand mining have severely affected the coastal 
environment in Tongatapu and attributed to eroded coast, inland encroachment of seawaters and 
the necessity of building coastal defences. Coastal management is the responsibility of the 
government and relevant programs were initiated and in some cases implemented since the 
1970s (Campbell, 1978), however, there is no real coordinated management effort evidenced to 
address coastal problems listed above. Beach sand mining has been banned and alternative 
aggregate resources have been dredged, yet stakeholders continue to address the management 
of aggregates from each stakeholder’s perspective and the negative impacts of accessing 
aggregates persist.   
 
The Action Plan aims to define management options and promote coordinated actions among 
stakeholders based on the assessment of sound information and data. The Plan promotes the 
overall improvement of the commercial dredging operation in Tongatapu. Components of the 
operation that need improvement will be discussed and mitigating measures recommended that 
can minimize or prevent adverse environmental effects.  
 
 

BACKGROUND 
 
Aggregate assessment studies in Tonga started in the late 1970s and most of the studies 
conducted in Tongatapu have been concentrated in areas north of Nuku’alofa and east of Atata 
Island (Fig. 1). Survey methods used including high resolution seismic, bathymetry, surface 
sampling, and drilling. Drilling was conducted in the 1986, 1990 and 1991 studies on the 
recommendation of the earlier investigations to test the sediment thickness, composition and 
grain size. 
 
Richmond and Roy (1986) conducted offshore bathymetry, surface sediment sampling and coring 
surveys north of Tongatapu, using echo-sounder profiling system, grab sampling and diver-
operated coring respectively.   
 
In 1987, Richmond conducted a surface sediment-sampling program in conjunction with a high 
resolution seismic profiling in Tongatapu and Vava’u islands. The principal study area was a 
broad sill at 8 to 18 m water depths north of Nuku’alofa and to the west of Fafa Island (Fig. 1) in 
the Tongatapu Group. 
 
A high-resolution seismic survey was conducted in 1989 (Smith et al. 1990) using a EG&G 
system operating between 400 and 4,000 Hz. Reflection signal were recorded on an EPC 3600 
graphic recorder. Sounding data were collected using a Raytheon DE719B Fathometer with one-
minute fix position.  
 
Smith (1990) carried out bathymetry and drilling investigations north of Fafa Island (Fig. 1). A 
De719E Raytheon precision echo sounder was used for profiling the seabed and a barge-
mounted vibro airlift drill was used for drilling. 
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A geophysical and drilling program was conducted in 1991 over a broad sill area west of Fafa 
Island (Fig. 1). A Raytheon DE719E echo sounder with a digital output was used, in conjunction 
with a 3.5 kHz profiler, to provide additional bathymetric data, seabed texture and sediment 
thickness. A vibro airlift mounted on a barge was used to sample the seabed. 
 
 
Results of Previous Studies 
 
The 1986 survey identified abundant sand resources to the west of Fafa Island and between Motu 
Tapu and Fukave Islands with a combined resource estimation of 7 million cubic metre of sand. In 
the 1987 assessment, suitable construction sand was discovered in a much broader area to the 
northwest of Fafa Island. Basins A and C were first mentioned in the August 1989 survey report. 
However, the area investigated was closer to Basin C than to Basin A and yielded high amount of 
undesirable fine sand. The follow up survey between October and November 1989 confirmed the 
sand resources in Basin A.     
 
The 1991 survey report (Smith and Gatliff, 1991) presented the interpreted data and the overall 
outcome of the October/November 1989 survey. This report displayed the three identified basins 
in the survey area, namely Basins A, B & C (Fig. 3).  
 
Drilling in Basin C produced muddy, fine-grained dark grey sands with numerous coarse disc-like 
foraminifera. The second phase of drilling was in Basin B, proving that the sub-surface sequence 
was broadly similar to the seabed sediment. In deeper water to the south finer more muddy 
material was found. The final phase of drilling was undertaken in Basin A (Fig. 3), where thick 
sequences of coarse to medium sand were found. The Basin A resource estimation of 2,431,950 
m3 was based on three drill holes (Fig. 3), which were about 400 metres apart, using SurferTM 
software. Based on Smith and Gatliff (1991) report, Basin A was identified as host to suitable 
aggregate resources.  
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Figure 1. Locality of Aggregates Extraction and Study Sites on Tongatapu. 
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CURRENT DREDGE OPERATION 

 
 
TPA Dredge Specification 
 
The dredge system consists of a conventional, mechanically operated Priestman crane mounted 
on a hopper boat, which operate the clamshell for loading and unloading of sediments. Here are 
the specifications of the system: 
 

• Clamshell capacity   1.5 m3 
• Hopper capacity  160 m3 
• Dredging depth    15 m 
• Main Engine    Ruston & Hornsby 500 h.p. 
• Cruising speed    8 knots 
• Range     6000 nautical miles 

 
 
Navigation 
 
A Furuno (FRS-24) radar system was used to estimate the location of the boat. The radar, which 
is capable of picking up reefs and islands, has a wide detection range. Distances are given by an 
electronic device (Electronic Variable Range Marker), which has a maximum reading capability of 
0.85 miles (1.57 km). The readings taken from at least two known points are manually plotted on 
a 1:30 000 scale bathymetry map to identify the location of the boat. 
 
 
Basin A 
 
The dredging operation started in Basin A in early November 2003, before moving to North Atata. 
According to the TPA General Manager and the dredge operators, the sediments in Basin A have 
been found to be either very compact and difficult for the clamshell to penetrate, or they contain 
high percentage of fines along the edges of the basin. 
 
This finding may have implications on the integrity of historical data collected in the Basin A area 
(refers to Basin A and surrounding areas). However, there are reports of low quantity of fines in 
some places on the edge, and also the presence of coral pinnacles in Basin A. The most likely 
scenario was that the dredge location could be outside the boundaries of Basin A, since no GPS 
was used to locate the site. The samples collected from the alleged Basin A site suites the 
sediment description of Basin C as documented in the Smith and Gatliff (1991) report. The depth 
limitation of the dredge (can only dredge to a maximum depth of 15 m) may be the reason why 
Basin A was not properly tested. Basin A has an average depth of 14 – 15 m. 
 
 
New Sites 
 
During the August 2004 survey, two dredge sites were active in the Tongatapu Lagoon, namely 
the North Atata and Fukave Dredge sites (Fig. 1). As shown in Figure 1, the North Atata dredge 
site is located north of Atata Island and is about 13 km northwest of Nuku’alofa. This site is much 
closer to the fringing reefs where excavation takes place as close as 100 m away from the 
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nearest reef at 5- to 8-m depth. There has not been any aggregate assessment or an impact 
study in this area prior to dredging.  
 
VHCL indicated it had tried to dredge in Basin A in June 2004, but the clamshell bucket could not 
penetrate the sea bed, this prompted them to look elsewhere in the lagoon. During the August 
2004 visit to Tonga, VHCL was dredging from a 3 to 5 metres depth white sand deposit located 
on the reef flat northwest of Fukave Islet. As in the case of North Atata, there has not been any 
aggregate assessment or an impact study in this area prior to dredging. 
 
 
Dredging Methods 
 
The TPA dredge is currently operating on a 5-days-a-week basis, or less depending on if 
maintenance work has to be carried out or weather conditions were unfavourable. It takes about 
an hour for the boat to travel from Queen Salote Wharf to the dredge site. The daily dredge site is 
selected by the captain of the boat, and is usually shifted from one place to another in North 
Atata. During dredging, the sediment is extracted from the sea bed on both sides of the boat and 
disposed directly into the hopper. When the hopper is almost full, two crew members use shovels 
to move sand from the middle of the hopper to the corners in order to prevent the sand from 
spilling overboard, and to make room for additional loads. At normal pace, it takes two hours to fill 
the 160 m3 hopper to its capacity. Once the hopper is full, the sediment is then transported to an 
identified site at Queen Salote Wharf for unloading and stockpiling. 
 
The clamshell is also used to unload the aggregates from the hopper to the wharf.  Sands on the 
sides of the hopper have to be moved to the middle by hand shovels in order to maximise the 
amount of sand removed from the hopper. However, there is always some sand left in the hopper, 
which cannot be removed by the clamshell. The sand on the wharf is then transported by a loader 
to an identified location for stockpiling. 
 
On the other hand, VHCL has a 350 m3 capacity barge and an excavator is used to extract sand 
from either side of the barge. Currently, dredging occurs once a week and the barge is towed to 
and from the dredge site by a tugboat. According to the dredge operator, they prefer dredging 
during low tide, so the dredge would travel to the dredge site at high tide, they extract sediment at 
low tide and wait for the next high tide to come back to Queen Salote Wharf. The sediment is 
offloaded on to dump trucks and taken to a stockpiling / selling area. 
 
The location of a day’s dredge site is recorded by a hand-held GPS, which is then manually 
transferred to a hard copy hydrographic map of the Tongatapu Lagoon. 
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     Figure 2. Location map of Basins A, B & C, surface sediment sampling and drill hole locations.
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Sediment Plume 
 
The prevailing wind direction on this day (19/11/2003) was the south-easterly trade wind (Fig. 3) 
as indicated by the wind data supplied by the Tonga Meteorological Services (Appendix 1). The 
major current regime affecting Tonga is the Southern Equatorial surface current that generally 
comes from the northeast (Cruickshank and Morgan, 1996). This hydrodynamic situation would 
be verified once current data (collected to the southwest of the dredge site on the 3rd and 4th 
weeks of November, 2003) is processed. According to the Tonga Tide Chart, the tide was coming 
in during the dredging period. The sediment plume was moving in a west-south-west (WSW) 
direction (Fig. 3) at an approximate rate of 40 m in 5 minutes, giving a velocity of 8 m/min. 
 
The suspended sediment plume was clean and the medium- to coarse-grained component settled 
very quickly to the seafloor. It was no longer visible from the boat after a 40 m drift. However, the 
low percentage of fine materials could have continued drifting and spreading for a while before 
settling on the bottom. These are the materials that can possibly end up on the adjacent coral 
reefs, which will in turn inhibit coral growth.  
 
 
Aggregate Resources  
 
No aggregate assessment was carried out on either of the active dredge sites prior to the 
dredging operations; hence, the resource volume is unknown and the aggregate characteristics in 
terms of grain size, origin and composition are not fully understood. 
 
After making observations during a day’s dredging operation and having discussions with the 
operators, it has now become obvious that there is no system in place to record the amount of 
aggregate removed daily.   
 
To convert the resource volume in cubic metres to tonnes, the sediment density needs to be 
determined. For carbonate sediments this figure can vary considerably, as shown in Table 1. 
 
 
Table 1. Examples of some conversion figures used for converting volume to tonnes. 
 

Source Specific Gravity (tonnes/m3) 

Tonga beach sands (Smith and Biribo, 1995) 2.05 

Fafa sand deposit dry (Smith and Biribo, 1995)  2.48 
 
 

To assist in recording the amount of sediments extracted, it is suggested that the operators 

should be using a daily logbook to record all the dredging details. The proposed logbook format is 

shown in Appendix 2. 
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 Figure 3. Prevailing wind and current directions that influenced the sediment plume flow direction on 19/11/03, North Atata dredge site. 
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SAMPLING 
 
A total of eleven samples were collected in November 2003 and sent to Fiji for analysis. Six sea 
bed surface sediment samples (Basin A-03 Stn #1 & Stn #2; Basin C-03 Stn #3, Stn #4, Stn #5; 
Basin B-03 Stn #6) were collected from the Basin A area using the grabber as shown in Figure 4, 
and one sample (Basin A-03 (dredge)), thought to be dredged from Basin A, was submitted by 
the TPA. Another four samples (Atata Dredged Sample (DS) #1 - #4) were taken from the 
dredged sediment stockpile at Queen Salote Wharf that was extracted from the 19/11/2003 
dredge location (Fig. 3) or its vicinity. 
 
An additional seven samples were collected during the preliminary EIA study of the dredge site in 
August 2004. The Fukave samples comprised two hand-dug samples that were collected from the 
sea bed in the active dredge site (Fukave-04 Stn #1 and Fukave-04 Stn #2), and another two 
were collected from the dredged sand in the barge (Fukave-04 DS #3 and Fukave-04 DS #4). 
The two Basin A samples were collected by Ed Lovell (the consultant) from the sea bed during 
the 2004 EIA study, whilst the sole Atata sample was taken from the dredged sediment stockpile 
at Queen Salote Wharf. 
 
The sampling locations for all the samples that were collected from Basins A, B and C are 
indicated in Figure 2. 
 
 
Sample Analysis 
 
Gravel and sand samples that were collected from the North Atata and Fukave dredge sites and 
Basin A were analysed for grain size and composition.  
 
The grain-size analysis was carried out using a total of 14 different sieve sizes as given in 
Appendices 3 and 4. This set of portable sieves were then placed on a motorised sieve shaker 
which utilised a horizontal and vertical motion during shaking to separate different grain sizes 
contained in each sample. This process can take 5 to 10 minutes to complete depending on the 
amount of sample to be graded. 
 
The grain-size classification used in this report is given in Table 2. This scale is based on powers 
of 2 mm, which yields a linear logarithmic scale via the phi-parameter (Φ) defined as: 
 
Φ = -2 log. d, (Maharaj R. J, 1999) 
Where: d is in mm 
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Table 2. Grain-size classification used in this report. 
   

Grain Size Millimetres (mm) Micrometres (m) Phi Values (�� 
Gravel 64 – 2.0 64000 - 2000 -6 to -1 

Very Coarse Sand 2.0 –1.0 2000 – 1000 -1 to 0 

Coarse Sand 1.0 – 0.5 1000 – 500 0 to +1 

Medium Sand 0.5 – 0.25 500 – 250 +1 to +2 

Fine Sand 0.25 – 0.13 250 – 130 +2 to +3 

Very Fine Sand 0.13 – 0.06 130 – 60.0 +3 to +4 

Silt/Mud <0.06 <60.0 > +4 
 
 
 
As in Smith and Gatliff (1991), "sand" samples are those samples in which the sand to gravel ratio 
is greater than 19:1 and "gravelly sand' if the ratio is between 19:1 and 3:1. A ratio between 3:1 
fragments and 1:1 would be called a "sandy gravel" and a ratio of less than 1:1 would be referred 
to as "gravel". Samples with fines (silt/mud) content between 10-20% would be called clayey and 
20-40% fines as very clayey. 
 
 
 

 
 
Figure 4. Surface sediment sampling in Basin A using a grabber. 
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RESULTS 

 
Grain Size 
 
The results of the grading analysis are shown in Table 3. 
 
 
Table 3. Sample grading results as % of total sample. 
 

Sand % 
Sample ID 
 Gravel %

Very Coarse Coarse Medium Fine Very Fine
Slit/Mud % Sand : Gravel Ratio

Basin A-03 Stn #1 4.11 4.30 14.84 43.47 30.03 2.98 0.27 23.26

Basin A-03 Stn #2 10.48 17.87 29.88 31.05 9.66 0.90 0.16 8.53

Basin C-03 Stn #3 8.87 29.66 34.56 17.34 8.69 0.69 0.19 10.25

Basin C-03 Stn #4 11.80 35.11 30.35 15.34 6.75 0.43 0.22 7.46

Basin C-03 Stn #5 4.76 3.57 3.61 3.15 12.99 51.38 *20.55 15.69

Basin B-03 Stn #6 24.40 30.55 31.84 10.97 1.87 0.22 0.14 3.09

Basin A-03 (Dredge) 4.26 1.70 3.63 7.46 43.94 34.87 4.13 21.50

Atata-03 DS #1 17.42 25.45 37.28 16.51 2.43 0.48 0.44 4.72

Atata-03 DS #2 13.14 24.48 43.49 15.17 2.35 0.82 0.54 6.57

Atata-03 DS #3 11.45 24.71 43.27 16.38 2.68 0.85 0.66 7.68

Atata-03 DS #4 15.42 22.10 40.96 16.48 3.10 1.00 0.94 5.42

Atata-04 DS #1  11.91 26.50 40.90 14.81 3.22 1.28 1.37 7.28

Fukave-04 Stn #1 3.03 5.42 13.42 45.78 32.07 0.26 0.02 32.00

Fukave-04 Stn #2 0.91 1.51 9.50 56.76 31.14 0.17 0.02 108.88

Fukave-04 DS #3 9.54 8.04 25.83 43.95 12.34 0.24 0.06 9.48

Fukave-04 DS #4 8.55 8.11 24.98 45.06 12.96 0.28 0.07 10.69

Basin A-04 Stn #1 34.50 18.64 30.13 14.35 2.00 0.24 0.12 1.89

Basin A-04 Stn #2 31.44 23.50 28.59 12.98 2.92 0.43 0.15 2.18

Note: Samples that were collected in November 2003 have been tagged with ‘03’ (for instance Basin A-03 Stn #1), whilst the August 2004 
samples have been identified with ‘04’ (for example Fukave-04 DS #1). 

 

* The high percentage of fines (silt and mud) in sample “Basin C-03 Stn 5” would influence the classification of this particular sample.   
     
 
 
The results of this analysis are better discussed on the basis of where the samples were 
collected. For instance samples collected from the North Atata dredge site should be discussed 
together whilst referring to Table 3 and Figure 5.  
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Figure 5. Graph of Sample Identity, indicating when and where the samples were taken from, versus the Percentage Grain Size.
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Based on the abovementioned classification, all the four Basin A samples have displayed some 
variations in grain size, even though they were collected within 30 m of the sample location 
shown in Figure 2. Sample Basin A-03 Stn #1 can be classified as medium to fine-grained sand 
whereas Basin A-03 Stn #2, with the elevated amount of gravel and coarse sand, was identified 
as gravely sand. The two August 2004 hand-dug samples (Basin A-04 Stn #1 and Basin A-04 Stn 
#2) consisted mainly of gravel and coarse-grained sand, and according to their sand : gravel ratio, 
both samples were identified as sandy gravel. 
 
The Basin A dredge sample, has high percentage of fine and very fine sand with relatively low 
amount of other components. This sample can be labelled as fine-grained sand. 
 
In Basin C, the two samples collected to the north (Basin C-03 Stn #3 and Basin C-03 Stn #4) can 
be referred to as coarse- to medium-grained gravely sand. In complete contrast, sample Basin C-
03 Stn #5 has low percentage of gravel and coarse sand but it has large amount of very fine sand 
with 20.55 % of silt and mud. This sample can be classified as Clay. 
 
The one sample collected from Basin B has been identified as coarse-grained gravely sand.   
 
All the five North Atata samples can be classified as medium- to coarse-grained gravely sand. 
Table 3 and Figure 5 have revealed that the dredged sediments have consistent, high percentage 
of coarse-grained sand with minor amount of medium-grained sand. In addition, these data 
confirmed that lesser amount of other components are present with generally less than one 
percent fines.  
 
The Fukave samples have two distinct grain-size characteristics, which could be attributed to the 
nature of sample collection. The hand-dug samples can be classified as medium- to fine-grained 
gravely sand whereas the dredged samples can be referred to as coarse- to medium-gravely 
sand. 
 
This scenario has reaffirmed the process of ongoing natural sand transport on the sediment 
surface, which yields a more finer-grained sand. On the other hand, the dredged sediment has 
mixed-grain components, whereby the finer surface sediments have been blended with the 
relatively coarser, lower-strata sand during the excavation process.   
 
 
Aggregate Composition 
 
Sediment composition is determined based on the visual and microscopic examinations of each 
sample. The same samples that were analysed for grain size were again used for this 
compositional examination.  
 
A portion of each dry-sieved sample, which was presumably an unbiased representative of the 
whole sample, was taken and examined. The outcome of this analysis presents what sort of 
materials occur at the location where aggregates were extracted. 
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Table 4. Percentage composition of sediments collected. 
 

% Composition  Sample # 
 Foraminifera Halimeda Coral Rubble Shell Detritus Limestone Others 

Basin A-03 Stn #1 10.31 0.00 30.53 54.58 4.58 0.00 

Basin A-03 Stn #2 5.00 0.28 77.50 16.39 0.83 0.00 

Basin C-03 Stn #3 3.57 2.14 69.29 23.21 1.79 0.00 

Basin C-03 Stn #5 12.92 0.00 7.01 79.34 0.74 0.00 

Basin B-03 Stn #6 1.37 0.27 76.71 21.64 0.00 0.00 

Basin A-03 (Dredged) 32.38 0.95 1.90 64.29 0.48 0.00 

Atata-03 DS #1 2.93 2.13 76.00 18.67 0.27 0.00 

Atata-03 DS #2 5.30 1.87 84.42 7.79 0.62 0.00 

Atata-03 DS #3 2.88 3.37 77.40 15.87 0.48 0.00 

Atata-03 DS #4 3.27 3.27 81.09 11.64 0.73 0.00 

Atata-04 DS #1  0.62 2.06 77.94 13.20 6.19 0.00 

Fukave-04 Stn #1 2.25 3.18 64.42 24.53 5.62 0.00 

Fukave-04 Stn #2 4.08 1.50 56.22 20.82 17.17 0.21 

Fukave-04 DS #3 4.96 3.86 57.33 29.66 3.53 0.66 

Fukave-04 DS #4 7.88 1.17 55.62 26.28 9.05 0.00 

Basin A-04 Stn #1 1.14 0.14 34.12 63.75 0.00 0.85 

Basin A-04 Stn #2 1.59 0.00 36.46 59.42 1.03 1.50 
 
 
The Basin A area sediments are generally grey to off-white in colour. These sediments, except 
Basin C-03 Stn #5, are largely composed of coral rubble and shell fragments, with minor amount 
of the platy foraminifera Marginopora and lesser amount of Halimeda fragments and old reef 
limestone (Table 4 and Fig. 6). The reef limestone fragments occur as re-crystallized dark grey to 
black materials, which sometimes appear like volcanic rocks. The Basin C-03 Stn #5 and Basin A-
03 (dredged) samples are dark-grey in colour, consisting mainly of fine, friable shell detritus and 
minor foraminifera with vast reduction in coral rubble components. Halimeda are generally absent. 
 
The dredged sand and gravel from North Atata are generally clean, off-white in colour and mainly 
comprising coral rubble, which makes up about 80 % of the sediment(Table 4 and Fig. 6). The 
other 20 % constitutes shell detritus (20 %) and minor amounts of platy foraminifera, halimeda 
and limestone fragments. Green 4 to 8 cm seagrass were also observed in numbers on the sand 
top in the clamshell before being dumped into the hopper. 
 
The samples collected from the Fukave dredge site are mainly composed of coral rubble and 
shell detritus. Other components occur in small amounts as indicated in Table 4 and Figure 6; 
however, the percentage composition of old limestone fragments are relatively high compared to 
the North Atata and Basin A samples.   
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Shell detritus largely consists of gastropods and bivalves, which occur as a whole or fragmented 
part in all the three areas. Sediment fragments, upon examination, are more rounded in finer 
grains, indicating higher degree of transportation from the source and active sediment movement 
along the seafloor leading to degradation. 
 
 

DISCUSSION 
 
The sand resource in Basin A has been determined with the outcome of three drill holes (DHs 17, 
18 and 19), which are more than 400 m apart. These boreholes were drilled in Basin A in 1989 
and are generally classified as medium- to coarse-grained shelly sand. This refers to samples that 
composed predominantly of shell or broken coral fragments. Based on the outcome of grain-size 
and composition analysis, this sand resource is suitable to be used as construction materials. 
 
The four Basin A surface sediment samples (Basin A-03 Stn 1, Basin A-03 Stn 2, Basin A-04 Stn 
1 and Basin A-04 Stn 2) though collected not far from each other (Fig. 3), show some variation in 
grain size and composition, as discussed above. This scenario may represent the degree of 
variation of surface sediments in Basin A. However, the drill holes revealed consistent medium to 
coarse-grained shelly sand beneath the sea bed. 
 
The two north samples in Basin C are classified as medium to coarse-grained gravely sand whilst 
the one down south (Fig. 2) is identified as clay. Generally all the three samples in Basin C 
contain significant amount of foraminifera, which confirmed past discovery. With higher fines 
content, Basin C sediments can be classified as unsuitable construction material.  
 
The single sample collected in Basin B is referred to as medium- to coarse-grained gravely sand 
composed predominantly of coral rubble with minor shell detritus. Like in Basin A, sediments in 
Basin B are suitable for use in the construction industry.  
  
Grain-size and compositional analysis of samples collected from the North Atata dredge site 
revealed that the aggregates can be classified as medium- to coarse-grained gravely sand and 
largely consists of coral rubble and minor shell detritus. The sand and gravel extracted from this 
site are suitable construction material but only a comprehensive resource assessment can best 
determine the suitability of the material and give the best estimate for the aggregate resource. 
 
Analysis of the Fukave dredge site samples showed the sediments to be composed largely of 
coral rubble and shell detritus. The aggregates can be referred to as both fine- to medium- and 
medium- to coarse-grained gravely sand, depending on where the samples were collected from, 
as discussed above. As in North Atata, a resource assessment is also required to determine the 
aggregate resource in Fukave. 
 
By comparing the percentage composition of the two active dredge sites, North Atata has far 
more coral rubble components than Fukave. The aggregates in Fukave contain higher contents of 
shell detritus and limestone. Components of marine organism-derived sands are generally the 
same in these two sites.   
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Figure 6. Graph showing the percentage composition of each sample collected from selected parts in the Tongatapu Lagoon. 
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CONCLUSION 
 
Due to the conventional dredge systems acquired by the two dredgers in Tongatapu, the sand 
and gravel resources in Basin A were not properly tested. Generally, the absence of appropriate 
legislations pertaining to offshore aggregate extraction has resulted in these two companies 
dredging in high environmentally sensitive areas. However, the relatively clean and coarse nature 
of the sediments extracted from North Atata and Fukave so far, as witnessed during the dredging 
process, seem to influence the quick settlement of the suspended plume on to the seabed.  
 
Analysis of the dredged materials and samples collected from the seabed surface, revealed 
predominantly medium- to coarse-grained coral and shell detritus, with the exception of one 
sample collected from Basin C (Basin C-03 Stn 5) and the alleged Basin A dredged sample 
(Basin A-03 (Dredged)). This study supports the results of the study by Smith and Gatliff (1991), 
which identified Basin A to contain suitable construction material. However, the material that 
occurs in Basin A shows a lot more variation in terms of grain size and composition compared to 
the two active dredge sites. 
 
The aggregate deposits in the North Atata dredge site, with its high, relatively-hard and resistant 
coral-rubble contents, have exhibited comparably good sand and gravel properties. It is as good 
as an aggregate resource as that in Basin A. Similarly for Fukave, the coral- and shell-dominated 
aggregates can also be considered good aggregate materials. However, environmental 
considerations as outlined in the 2004 Preliminary EIA study, have to be considered in 
determining the suitability of the two active dredge sites.         
 
It is worth mentioning that since the aggregate samples collected during the 2003 and 2004 
surveys, and the results presented in this report, are not systematic and hence are not 
representative of any dredge area, the results must not be taken to represent the ranges of grain 
size and composition in each dredge site. 
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PROPOSED ACTION PLAN FOR OFFSHORE AGGREGATES EXTRACTION 

 
1. INTRODUCTION 
 
During the SOPAC/EU EDF8 Project Tonga National Stakeholder Consultation Workshop in 
October 2003, the Project was requested to help in the development of offshore aggregate 
extraction in Tongatapu. One of the tasks that require Project assistance is the development of a 
Dredge Action Plan to facilitate dredging operation in Tongatapu.    
 
With dredging being a totally new phenomenon in Tonga, it is vital for the dredge operators to be 
advised on how dredging should be operated and to make them aware of the social, economic 
and environmental issues that often arise as the direct or indirect results of dredging. 
Consequently a proposed action plan is hereby presented as a guide for operators to make 
dredging safe, efficient, economical and environmentally-friendly. This proposed Action Plan is to 
be considered alongside the Proposed Guidelines and Monitoring Procedures for Aggregate 
Extraction in Tongatapu.        
 
 
2. PURPOSE  
 
This Action Plan has been developed to: 
 

• Assist the Tongan Government develop a more sustainable aggregate resource for use by 
the people of Tongatapu in its endeavour to replace coastal-based sand supplies with 
those sourced from the lagoon; 

• Facilitate the process of offshore aggregate extraction through the streamlining of the 
operation and proper coordination of dredge activities; 

• Reduce the destructive mining of shoreline sediments and thereby contribute to the 
protection of shorelines in terms of erosion, storm protection and environmental 
maintenance; 

• Investigate and report on the need for organisational, operational and physical, and 
environmental improvements to offshore aggregate extraction practice in Tongatapu; and 

• Assist the existing dredgers in the management and economical considerations to boost 
the efficiency of their operations.   

 
All must be done in collaboration with operators and Government, in consultation with other 
relevant stakeholders such as hoteliers and resource owners.  

 
 

3. BACKGROUND 
 
VHCL, a locally-owned aggregate mining company was granted an offshore aggregate extraction 
permit in 1999. Operations however were shelved for the last five years due to the difficulties of 
securing funds to buy a dredging system. In mid 2004, the company managed to acquire a 
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dredge system consisting of a 350 m3 capacity barge, a tugboat, and a crane-mounted clamshell.  
They have been dredging near Fukave Island since July 2004. 
 
The TPA port area comprises a vast portion of North Tongatapu lagoonal and reefal areas (Port 
Authority Act 8, 1998). In October 2003, TPA acquired a second-hand clamshell dredge from New 
Zealand for aggregate extraction (as detailed earlier on in this report) and the deepening of boat 
channels around Queen Salote Wharf and other parts of Tonga. 
 
 
4. ACTION PLAN 
 
The action plan proposed is based on the assumption that appropriate studies have already been 
carried out in assessing the sediment resource; and its suitability as building materials has been 
established; and, an EIA study has been completed. Only after a suitable aggregate resource is 
identified can a dredging operation proceed. 
 
The following actions are proposed for offshore dredging in Tongatapu, commencing from 
feasibility study through consultation and dredging processes to monitoring and site rehabilitation.   
 
 
4.1 Feasibility Study Considerations 
 
Dredging is similar to any other commercial operation, where an appropriate feasibility study has 
to be carried out after resource assessment to determine its economic viability. Economic factors, 
technical constraints and the occurrence of suitable deposits of sand and gravel dictate the 
location of dredge areas. Distance between the licenced area to the point of landing, water depth 
and distance between the processing site and the market are critical in determining the 
profitability of marine aggregate extraction compared to other sources.  
 

4.1.1 Aggregate Resource 
 
The resource estimation is carried out prior to the feasibility study. Once a suitable resource is 
identified and the volume is calculated, the rest of the processes leading to excavation can then 
proceed. Here are the key points of an offshore aggregate assessment: 

• Use historical data (if any) as a baseline. 
• Conduct relevant surveys such as bathymetric, seismic, drilling, surface-sediment 

sampling (Fig. 4), deployment of current meter. 
• Analysis of the survey data. This includes sediment grain-size sorting and composition to 

determine the suitability of the sediment for what application(s). 
• Oceanographic data would reveal the current and wave behaviour with respect to 

sediment transport, which may allow the prediction of sediment transport direction and the 
subsequent construction of a model during dredging. 

• A resource calculation is carried out based on the lateral extent and thickness of the 
sediment. This would reveal the total aggregate resource volume, the % extractable 
portion and the lifespan of any dredging operation. 
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• An Environmental Impact Assessment (EIA) of the proposed excavation site and 
surrounding areas to identify potential impacts and discuss ways of minimising or avoiding 
these impacts.     

 

4.1.2 Establish Dredge Boundary 
 
Once the aggregates assessment and EIA are completed, the boundary of the resource area 
needs to be specified prior to dredging.  This will ensure that aggregates extraction is restricted 
within the defined boundary and monitored. In addition, the location for a day’s dredge site must 
be identified using a GPS. This will track the amount of sediment removed from the sea bed in a 
particular area and the time to relocate dredging to another site would be decided on known 
parameters. 
 

4.1.3 Economic Factors 
 
Dredging is quite an expensive operation and cost implications will depend on several factors. 
The most common cost factors are: volume of materials to be removed, mobilisation, 
demobilisation, standby time, towing, type of dredge that is used, condition of dredged material, 
and distance from dredging site to the disposal area (Randall and Koo, 2004). 
 
These are factors that have to be considered in determining the economic viability of any 
dredging operation in Tongatapu Lagoon: 
 
• The cost of the dredge system and associated tax. 
• Dredge mobilisation. 
• Cost of additional machinery that need to be purchased, including specialist equipment. 
• New facilities that need to be constructed. 
• Daily operation cost, including fuel consumption.  
• The cost of docking facilities at Queen Salote Wharf. 
• Distance from the dredge area to the point of landing. 
• Distance from processing site to the market. 
• Dredging depth is also important. The deeper the water, the more time and fuel consumed.  
• The forecasted price of dredged sand. This has to be affordable to the public and at the same 

time should be able to sustain the operating costs of the dredger. The 1996 cost of 
transporting sand from Ahononou beach was $13.72 per ton (Cruickshank and Morgan, 1996), 
not including infrastructure, road maintenance, and stockpiling costs. 

• Cost of maintenance (clamshell dredging may be relatively expensive to maintain).  
• A cost-effective method of transporting aggregates should be developed to avoid unnecessary 

double handling.     
• Market demand. The sale of sand and gravel can be guaranteed once customers are 

identified. 
• Ability of loan repayment (if any). 
• Consultancy budget. 
• Manpower required for the operation. 
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• Administration and other logistical costs. 
• Licensing costs. 
 

4.1.4 Technical Constraints 
 
The magnitude of technical problems in Tonga, as in other PICs, is somewhat aggravated by the 
geographical isolation of the country and the distribution of islands within the Tonga archipelago. 
Factors that need to be considered and addressed: 
 
• Capacity Building. Local dredge operators to be identified and trained. 
• Dredge Equipment. Appropriate operation equipment, such as dump trucks and loaders, if not 

available, have to be acquired. 
• Maintenance of equipment. This is very important in keeping the operation going. The Fiji 

Industries Limited (FIL) dredge system (barge, tug, crane and bucket) costs about F$150,000 
to F$200,000 to maintain annually. 

• Equipment spare parts. There is a need to keep machinery spare parts in stock, especially 
those that are not available locally. 

• Fuel price. Expect fluctuation in fuel price on the world market. This is something that is 
beyond the control of all dredging stakeholders and may determine the viability of the 
operation. 

• Operation Efficiency. Devise efficient procedures in all sections of the operation to ensure 
production is maintained or improved.  

 
Using the above information the true cost of aggregate extraction and delivery can be estimated. 
This however, will require constant monitoring and adjustment from time to time. 
 
 
4.2 Consultation Process 
 
The people of Tongatapu, especially those who will be affected by the operation, need to be 
informed in advance of the dredge operation. It is vital to determine their opinion about the 
dredging operation and at the same time make them aware of the reason behind aggregate 
extraction from offshore resources. The consultative process should: 
 
• Make people aware of the detrimental effects of beach sand mining. 
• Highlight the true cost of beach and inland sand mining in terms of clearing of vegetation, 

mining below the water table, unattractive beaches to tourists and building coastal defences.  
• Get the public to understand the reason behind offshore aggregate extraction.  
• Determine people’s opinion with regards to the dredge operation. 
• Get public opinion on the expected price of sand. 
• Ascertain whether extracting sand from offshore will stop illegal beach sand mining or not. 
• Determine what effect it will have on illegal beach sand mining activities, if the price of dredged 

sand is a little bit higher than what they used to pay.  
• Promote public safety by informing the public of areas where heavy machinery would be 

working. 
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This is expected to be a time-consuming exercise, which involves conducting appropriate 
community and public awareness and education programmes.  
 
 
4.3 Dredge Acquisition 
 
It is suggested that the most suitable type of dredge be acquired for any dredging operation in 
order to achieve maximum efficiency and to minimise environment impact. For example, 
Cruickshank and Morgan (1996) have recommended a “Toyo 4” submersible sand pump for 
dredging in Basin A in their EIA study. In addition, the dredge boat/barge must be fitted with 
appropriate navigation system, such as radio, radar and GPS to assist in communication and 
positioning. 
 
However, as experienced in the past in Tonga, financial constraints is the limiting factor which has 
apparently been delaying the operation and the subsequent acquiring of the dredge systems 
currently used by TPA (Fig. 7) and VHCL. The choice of suction pump would be more ideal if the 
distance to shore was less than 500 m where the sediments, as witnessed in Upolu, Samoa, can 
be pumped directly into a settling pond for the sand particles to settle on the bottom and the 
relatively clear water is drained back into the sea. 
 
The TPA clamshell dredge (Fig. 7) was operating quite well in the first couple of weeks, but safety 
and environmental issues have to be fully assessed. This conventional, mechanically-operated 
clamshell dredge was designed for mud dredging and disposal. It is quite a labour intensive and 
time-consuming exercise to move the sediment around during loading and offloading. VHCL has 
acquired a clamshell dredge unit but they were using a backhoe excavator for loading and 
discharging of aggregates during the August 2004 visit. It is noteworthy that the clamshell dredge 
system may be cheaper but, as experienced by FIL, is relatively expensive to maintain.  
 
 
4.4 Establish Infrastructure 
 
Appropriate infrastructure (wharf for offloading, landing ramp for barge, stockpiling area) must be 
put in place and support vehicles (loaders and dump trucks) should be available prior to the 
commencement of dredging.  
 
 

4.4.1 Access to Wharf  
 
In the case of Tongatapu, the Queen Salote Wharf is the current location for dredged aggregate 
discharge; however, other services of the main port should not be affected. This could be 
achieved through proper consultation and planning of the wharf. The availability of a landing ramp 
for the barge to berth and offload, and the presence of lights at the wharf to facilitate berthing and 
offloading at night are crucial for the VHCL. 
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Figure 7. Clamshell dredging in progress, north of Atata Island, Tongatapu. 
 
 
 
The use of the wharf facility by any commercial entity like VHCL will routinely involve certain 
charges being levied. On the other hand, the true cost of the dredging operation by TPA has to 
take into account the charges levied for the use of its own ports facilities. The management of 
VHCL needs to discuss with TPA a reasonable charge for the use of Queen Salote Wharf. It 
would be beneficial if a Memorandum of Understanding (MOU) could be signed between the two 
parties specifying the terms and conditions for the use of port facilities, a production-based 
monthly charge and clarifying ways to supplement each other’s operation.        
 

4.4.2 Aggregate Stockpile Site 
 
Prior to the commencement of the dredging operation a temporary stockpile area at the wharf has 
to be identified before being shifted to the point of sale. The current practice of storing dredged 
aggregates and selling directly from the wharf by PTA  (Fig. 8) should be discouraged as it takes 
up a lot of space on the wharf. Alternatively, as practiced by VHCL, the aggregates should be 
immediately transported out of the wharf to an identified processing/sale point.    
 
 
4.5 Dredging Operation 
 
The dredging operation covers preparation, extraction, loading and unloading of sediments, and 
maintenance activities. 
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4.5.1 Preparation Stage 
 
The first stage of a day’s dredging operation is to carry out the usual facility inspection and ration 
stocktaking. This includes the routine checking of dredge system and stock-take such as fuel 
refilling, checking of engine oil, boat inspection and food and water ration. This is to ensure that 
the dredge is operating properly and any foreseen problem is avoided. 
 

4.5.2 Extraction Process 
 
Since both dredgers (TPA and VHCL) prefer to dredge at low tide, the timing of the tides and 
weather conditions of the day are vital for dredging in Tongatapu.  Dredging at low tide would give 
the TPA dredge an extraction depth of 5 to 6 metres and the VHCL dredge a 3-metre excavation 
depth. Extraction during rough weather or weather-warning periods should be avoided for obvious 
safety reasons.  
 
The VHCL backhoe excavator can only operate properly at a maximum depth of 3 metres hence 
the reason for dredging at low tide. When the barge is fully loaded with aggregates, it has to wait 
for the tide to come in, in order to make it float and for the tug to tow it back to the offloading 
point. Sometimes the operators have to wait until nightfall to be able to make their way back to 
the wharf.    
 
The dredge operators should be mindful of the prevailing and forecasted weather conditions as 
the waters in the Tongatapu Lagoon can be choppy and rough at times. This is why it is critical to 
have sound navigation equipment on the boat/tug, especially when returning to the wharf at night. 
In addition, it is vital to know the maximum carrying capacity of the boat/barge. This is even 
crucial for the barge when being filled whilst sitting on the sand in the reef flat. It must be loaded 
to a reasonable level that would ensure the water does not come inside the barge and it can 
make a safe trip to the wharf under the prevailing weather and wave conditions. This safety 
precaution must be emphasised and communicated to all the dredge crew.       
 
If at any later stage a suction pump dredge system is acquired for dredging in Tonga, the 
following factors must be taken into consideration: 

• Using a suction pump system with a barge may take longer depending on the size of the 
barge and the carrying capacity of the pump. 

• The barge should be designed in such a way to allow the settling of the suspended 
sediments before discharging the water overboard. 

• Due to the longer distance between the dredge site and land, the direct discharge of 
sediments via pipe to shore is impossible.  

 

4.5.3 Data Recording 
 
Data recording should be made a condition of the dredge permit whereby operators are required 
to fill in a daily logbook (Appendix 2). The logbook should have the following details: 

• Date 
• Time (Start & Finish) 
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• Location 
• Name of operator 
• Prevailing wind direction 
• Dredge depth 
• Number of aggregate loads placed in the hopper 
• Weather 
• Wave condition 
• Sediment plume flow direction 

 
In addition to the collection of information by the operators this data should be: 
 

• Checked and entered into computer each week. 
• Correlation of extraction volumes with sold volumes, fuel usage, working hours, etc. 
• The analysis of such data will allow better and more efficient environmental and 

operational management. 
 
This data should be made available on request to the MLSNR. It is recommended that the 
logbook be checked by someone, preferably from the Natural Resources section, on a weekly 
basis. The responsible officer should also, from time to time, accompany dredgers and observe 
dredging activities for a day’s operation. Routine inspection such as this should be done at least 
once a month. This would also give the officer the opportunity to carry out dredge data recording 
onboard (that cannot be done by boat crews), which include: 
 

• Classifying and recording the types of material dredged. 
• Observing and recording the coverage and flow direction of suspended sediment plume. 
• Assessing the effect of wind, current and tide on sediment plume flow 
• Measuring water turbidity and settling rate of sediment plume. 
• Crosschecking the daily volume of sediment dredged. 
• Monitoring the most favourable wind direction and season for dredging. 
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Figure 8. A front-end loader is transporting sand to the stockpile site at Queen Salote Wharf. 
 
 
 
The Natural Resources Section of the MLSNR should be responsible for keeping all detailed 
records of operations and is encouraged to produce quarterly progress reports, which should be 
tabled and discussed in the next Dredging Operation Coordinating Committee (DOCC) meeting. 
 

4.5.4 Aggregate Offloading 
 
Aggregate offloading at the wharf must be done in a coordinated and orderly fashion, taking into 
consideration the safety of the crew and other users of the wharf.  
 
Some areas around the Queen Salote Wharf can be as shallow as 4 m during low tide. The 
designated offloading point must allow the hopper boat or barge to berth at low tide, or otherwise 
another suitable site has to be identified. With the existing dredging operation, TPA should ensure 
that the harbour is deep enough to allow the safe berth of the boat and the barge. As witnessed at 
the wharf, TPA should continue dredging the harbour from time to time.   
 
In a clamshell system the aggregates have been removed using the grabber. The aggregates are 
then transported to a stockpiling area at the wharf by a front-end loader (Fig. 8) or a dump truck. 
On the other hand, VHCL is directly transporting the dredged aggregates from the wharf to their 
point of sale. The latter is the preferred economic and desirable option, as double handling of the 
aggregates; and the extra cost for use of some space at the wharf as a temporary stockpile; are 
both avoided. 
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4.5.5 Aggregate Handling 
 
The area of operation that also needs streamlining is the handling process of aggregates from the 
wharf to the point of sale. The existing arrangement by TPA of transporting aggregates from the 
offloading point to a storage and selling area at the wharf should be avoided to increase efficiency 
and to give space to other users of the congested Queen Salote Wharf.  
 
In addition, the presence of sand and dust in large quantity at the wharf could also pose a safety 
and health hazard. Dry sand and dust can be easy blown away by strong breeze which can cause 
breathing difficulty and sore eyes to users of the wharf; apart from settling on nearby buildings. It 
is recommended that TPA should identify another site outside the wharf as a permanent storage 
and selling area. It is more feasible to load the aggregates at the offloading point into trucks and 
transport them straight to the processing/selling point. This will avoid double handling at the wharf 
and ultimately saves time and cost.   
 
 
4.5 Potential Problems and Solutions  
 
Here are some potential problems that are natural or human-induced in nature, which may directly 
or indirectly affect any dredging operation. Most of these problems can be avoided through proper 
planning and management. 
 

• Unfavourable weather conditions:  
o It is not safe to carry out dredging during bad weather. It is advisable that dredging 

should be suspended during bad weather 
o During a hurricane or storm surge, the boat/tug/barge should be properly secured. 

 
• Dredge breakdown due to mechanical problems: 

o Each dredge company should employ relevant skilled tradesmen who have the 
abilities to repair the dredge unit, as heavy machinery repair is expensive and can 
be time consuming. 

o If relevant skilled people are not available within their own ranks, the company 
should negotiate with any capable local company to carry out routine maintenance 
work. 

     
• Lack of skilled people to repair the dredge: 

o Each dredge company should endeavour to train their employees to carry out 
repair and maintenance work of the dredge unit. 

o Only if the technical capacity is not available locally, relevant technical specialists 
should to be hired from abroad to come and train local aspiring candidates. 

 
• The dredge operation can be suspended due to any visible adverse impact on the 

environment: 
o It is suggested that any dredger should stock up the sand and gravel supply for at 

least three months to meet the demand in any unexpected problem such as this. 
o The dredger can wait for the implementation of the mitigating measures to improve 

the environmental conditions and then resume dredging with much improved 
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technique, or, apply to dredge at an alternative site that has already been 
surveyed. This is why advanced marine aggregate prospecting and monitoring are 
absolutely essential. 

 
• It might be a problem trying to sell dredged aggregates: 

o Aggregate users in Tongatapu are used to sand and gravel extracted from coastal 
areas and quarries for construction. It might take time to change that perception 
and convince them on the suitability of offshore-extracted aggregates as building 
materials. Therefore, appropriate promotional and education programmes are 
important. 

o If the cost of dredged sand is a little bit higher than what they used to pay, then 
people might be reluctant to buy and again resort to beach sand mining. This can 
be avoided by assessing and including in the selling cost of beach sand the true 
cost of beach sand mining, including environmental costs and proper enforcement.  

 
 
4.6 Safety 
 
A dredging operation involves a lot of heavy machinery work where serious or fatal accidents can 
happen if no safety standard is in place. This can be rectified if an appropriate Code of Conduct 
or Practices and legislation are in place and enforced. Hence, it is suggested that a code of 
conduct or practices should be immediately developed for operators, to include dredge practice, 
public liaison and environmental monitoring.  
 
Existing legislation relating to safety in the work place should be revised in order to make 
dredging operation sites a safe working place in Tonga. The safety standard in the operation area 
(including travel to and from the dredge site, during dredging, unloading of aggregates at the 
wharf and stockpiling) should be on par with international Occupational Health and Safety (OHS) 
standards. 

 
 Here are some hazardous activities observed during the dredging operation in Tongatapu: 
 

• Workers are not wearing hard hats and safety boots when working closer to the crane-
mounted clamshell bucket (Fig. 9). 

• Crews are guiding the clamshell down into the hopper with their bare hands, thus putting 
themselves at risk of being hit by the clamshell or falling inside the hopper. 

• People using shovels to get the sand on the edges of the hopper to the mid-section where 
the clamshell will then scoop and discharge loads onto the wharf. By doing so, they are 
putting themselves at risk of being hit by the clamshell. 

• The volume of sediments extracted each day must be recorded, not only to keep track of 
the extraction rate but also to make sure that the boat is not loaded beyond its capacity. 
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Figure 9. Aggregate offloading at Queen Salote Wharf. The clamshell is hovering above a worker holding a hose pipe. 
 
 
 
Proposed preventative and mitigating measures are discussed in detail in “The Proposed 
Guidelines and Monitoring Procedures on Aggregate Extraction North of Tongatapu, Tonga” (will 
be referred to hereafter as “The Proposed Dredging Guidelines”). 
 
 
5. TECHNICAL ASSISTANCE 
 
Technical assistance includes any additional service that supports the operation and any sort of 
assistance outside the area of operation that will enhance the establishment and development of 
the aggregate dredging industry in Tonga. This may also include financial and advisory 
assistance, continuous monitoring and the implementation of mitigating measures that will benefit 
dredging and minimise adverse environmental impacts. 
 
 
5.1 Dredge Coordination 
 
Offshore aggregate dredging is a relatively new type of operation in Tonga; hence it requires the 
opinion of specialists such as dredge engineers, resource economists and marine biologists prior 
to and during the dredge operation. Frequent consultation and the concerted effort of key 
stakeholders are vital to ensure a viable operation without much disturbance to the surrounding 
environment. It is suggested that the proposed DOCC, as discussed in the Proposed Dredging 
Guidelines, should be tasked to progress and monitor all aspects of dredging in Tonga from 
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planning through implementation to monitoring stages. This will avoid the unnecessary duplication 
of responsibilities and also ensure a streamlined and cost-effective operation. 
 
The DOCC Terms of Reference should include the following: 
 

• Coordinate all dredge and associated operations. 
• Ensure monitoring (environmental and operational) is undertaken and analysed. 
• Report on monitoring findings to stakeholders. 
• Regularly review operation and data analysis and make recommendations. 
• Coordinate future resource and economic assessment. 
• Provide technical advice to the ALC. 
• Provide technical advice to the Minister and Secretary of MLSNR when required. 

 
 
5.2 Involvement of Regional Organisations 
 
SOPAC should remain actively involved in terms of aggregate resource assessment to provide 
the necessary advisory and technical assistance. Tonga may choose to seek other technical 
assistance through bilateral or multi-lateral arrangements.  
 
5.2.1 SOPAC 
 
SOPAC can be tasked to: 
 

• Conduct further aggregate assessment in other potential areas in Tongatapu and other 
parts of Tonga with on-the-job training for local counterparts, who should be involved. 

• The Tonga Country Intern to help in conducting awareness programmes around 
Tongatapu. 

• The Tonga Country Intern to be involved in the monitoring process; impact assessment 
study, determining aggregate extraction rate from each dredge site, and identifying exact 
locations of excavation. 

 
The Government of Tonga has been from time to time sought, as in this project, SOPAC’s 
technical assistance and advice in aggregate resource assessments and related activities. 
 
 
5.3 Monitoring 
 
The proposed monitoring activities for the dredge sites in Tongatapu are covered in detail in “The 
Proposed Dredging Guidelines”.  
 
 
5.4 Environmental Impact Assessment 
 
Refer to the “The Proposed Dredging Guidelines”.  
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5.5 Dredge Site Rehabilitation 
 
The rehabilitation of the dredge site is quite important in order to determine the effectiveness of 
the ongoing monitoring programmes, the status of the environment after dredging and how each 
component of the ecosystem responds to the rehabilitation activities.   
 
Apart from the parameters that need to be investigated, as outlined in  “The Proposed Dredging 
Guidelines”, the rehabilitation of the dredged sea bed should be immediately focused on the 
following: 

• Water turbidity. 
• The recovery of the benthic community. 
• Replanting of marine plants and seagrasses. 
• Investigating the rate of sand replenishment. 
• Replanting of coral in the surrounding areas. 
• Assessing the re-occupation rate of fish and crustaceans. 

 
The assessment of the sea bed should be carried out immediately after the cessation of 
aggregate extraction in any site. This would determine the extent of the environment 
degradation as a result of dredging, and to establish relevant mitigating measures that would 
facilitate the ongoing monitoring regime. All rehabilitation and monitoring activities after 
dredging should be coordinated by the DOCC.   

 
 

[EU-SOPAC Project Report 39 – Tawake] 
 



[39] 
 
 

The Action Plan is summarised in Figure 10 below: 
 
 

Conduct feasibility study 
on the economic viability 
of a dredging operation 

 Hold consultation meetings 
to gain views of stakeholders 
and commence EIA study 

 Acquire suitable 
dredge system with 
relevant machinery  

  
 
 

A dredging operation 
coordination committee 
(DOCC) should be established 
to cordinate all activities  

 Aggregate landing 
point and stockpile 
area should be 
identified 

 Dredge should be fitted 
with relevant navigation 
and positioning 
equipments 

 
 
 

Safety should remain 
paramount. Workers 
should be issued with 
necessary safety gears 

 Use GPS to locate dredge 
site and logbook to record 
dredging details as shown 
in the given format 

 Machinery maintenance 
should be carried out 
regularly to avoid 
unexpected breakdown 

  
 
 

Dredge impact 
monitoring should be 
ongoing and 
mitigating measures 
implemented 

 Assistance of regional 
organisation should be 
sought at any stage when 
required  

  Increasing operation 
cost due to fluctuation 
of fuel price, rise in 
spare parts price 
should be considered 

 
 
 

Revise and enforce 
existing legislation 
pertaining to offshore 
aggregate extraction  

 Economic viability of the 
operation should be 
reviewed from time to 
time 

 
Figure 10. Flow chart summarising the dredge operation Action Plan.  
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The Action Plan can be further summarised in terms of appropriate time of implementation for 
each recommended action as shown in Figure 11. 
 
 
Recommended Action and Time Schedule for the next five years.   
      
Recommended Action 2004 2005 2006 2007 2008 
            
Feasibility Study           
            
Consultation Process           
            
Licensing Process and Review      
      
Dredge Acquisition          
            
Negotiation for the use of port facilities           
            
Establishment of Processing Site            
            
Acquisition of heavy machinery and vehicles           
            
Establishment of DOCC           
            
Dredge Operation           
            
Use of logbook to record dredge data            
            
Technical Assistance           
            
Advance Aggregate Prospecting           
            
Review of Operation and Cost           
            
Revise Appropriate Legislation           
            
Commencement of EIA Study           
            
Environment Monitoring           
            
Implementation of Mitigating measures           
      
Key      
Action should be taken prior to or at the beginning of dredging     
Action should be taken only when required       
Ongoing Activities       
 
Figure 11. Summary of Proposed Action Plan with Time Schedule for the next five years. 
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RECOMMENDATIONS 
 

• A separate aggregate assessment should be initiated to clarify the suitability of the dredged 
material for construction and evaluate the resource volume in the active dredge sites (North 
Atata and Fukave). This should involve systematic surface sediment sampling, seismic survey 
and, if possible, drilling. 

 
• Prior to any dredging activity, the excavation boundary needs to be clearly defined based on 

the aggregate assessment and the EIA that have presumably been carried out. 
 
• A logbook should be used as soon as possible to record the amount of sand extracted on a 

daily basis. The logbook format shown in Appendix 2 has been designed specifically for 
offshore aggregate dredging in Tongatapu. This format is recommended to be used by any 
dredge operator in Tonga. 

 
• A person, preferably from the Natural Resources Section, should be appointed to inspect 

aggregate extraction sites at least once a month and cross check the aggregate extraction 
logbook on a weekly basis. This will ensure a proper account of the extracted aggregate and 
the resource is not over-exploited. 

 
• A GPS system needs to be installed in the boat to identify the exact location of the daily 

dredge site.  The use of the radar system, as in the case of the TPA dredge, should only be 
used for navigation purposes. 

 
• All these dredging data, including the GPS reading, should be regularly entered into a 

computer spreadsheet and made available on request to the MLSNR. Someone should 
manipulate these data to a comprehensive GIS format, preferably from the MLSNR.   

 
• After the preliminary EIA study of the dredge sites in Tongatapu, it was obvious that a pilot 

dredging operation may be necessary for Basin A. This is to test the ability of a dredge unit to 
extract sand and gravel from this site and the long-term viability of dredging in this area. It has 
become increasingly obvious that the two active dredgers in Tongatapu are intentionally 
avoiding dredging in Basin A due to their inability to extract aggregates from this site.  

 
• The economic viability of any dredging operation must be determined prior to extraction, and 

must be reviewed at regular interval (e.g. every two years) during dredging. This will certainly 
assist dredgers in making their operation efficient and cost-effective.  

 
• Safety standards need to be improved to address the risk factors mentioned above. 

Appropriate legislations (if there is none in place) with regards to safety in the work place, have 
to be devised and enforced to cater for this. This requires urgent attention. 

 
• Offshore aggregate prospecting should be an ongoing exercise to identify suitable resources at 

various sites. This will ensure that aggregate resources are sustainably developed and allow 
natural sand replenishment processes to take place. 
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• Dredgers should seriously consider the potential problems as identified in the Action Plan and 
implement preventative and mitigating measures to achieve or improve on planned production. 

 
• Environment impact monitoring should be ongoing as discussed in detail in the Proposed 

Dredging Guidelines.  
 
• The two active dredgers need to look at ways to supplement each other’s operation rather than 

operating individually. It may be appropriate to encourage the two parties to sign an MOU or a 
document outlining the general terms of co-operation.  

 
• A “Code of Practice” needs to be developed for offshore aggregate dredging in Tonga in order 

to guide dredge operators on what to do and what is inappropriate at various stages of 
dredging.  
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APPENDIX 1. TONGA METEOROLOGICAL SERVICES WIND DATA FROM THE 1ST 
TO 26TH OF NOVEMBER, 2003 
 
Winds. 
 
Tonga lies within the extensive trade wind zone of the South Pacific Ocean known as the southeast trades, they show 
remarkable constancy of direction and speed.  While winds from the easterly quadrant blow for about 65 to 75 % of the 
time, there are however seasonal differences. In Tongatapu group there is a tendency for little variation of the east or 
southeast winds throughout the year.  From November to April, when the SPCZ lies over or near Northern Tonga, 
Southern Tonga (Tongatapu group) still remains in the east to southeast trade winds zone. 
 
Wind direction for November 2003 recorded at Nuku’alofa. 
Day    W/SPEED  W/DIR 
1   1   050 
2   3   070 
3   2   090 
4   2   120 
5   1   090 
6   1   080 
7   2   090 
8   3   140 
9   3   140 
10   2   130 
11   1   070 
12   3   210 
13   2   080 
14   2   120  
15   2   160 
16   3   250 
17   1   250 
18   2   130 
19   2   130 
20   3   110 
21   3   130 
22   2   150 
23   2   150 
24   3   070 
25   1   060 
26   1   050 
 
Note: 
 
W/SPEED:  Wind Speed in Beaufort scale:   
   Beaufort No.  Knots 

1 1 – 3 
2 4 – 6 
3 7 - 10 

 
W/DIR: Wind direction in true North. 
 
Tonga met service. 
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Date 

       

Start 
       

Finish 

Tim
e 

       

Longitude 

       

Latitude 

Location 

       

W
ater Depth

(m
) 

 

       

Num
ber of 

clam
shell load 

placed in hopper 

       

Prevailing wind 
direction 

       

W
ave conditio

(calm
/choppy/ n  

rough/very rough 

       

Name of 
Operator 

*  The direction of sediment plume flow, and weather condition (shiny/cloudy/windy/drizzling/heavy rain) can be recorded in this column. 

       

Comments* 

TONGA  OFFSHORE DREDGING OPERATION LOGBOOK 

APPENDX 2. SUGGESTED LOGBOOK FORMAT FOR DAILY RECORDING DETAILS OF OFFSHORE DREDGING IN TONGATAPU. 
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APPENDIX 3. NOVEMBER 2003 SAMPLES - DRY SIEVE ANALYSIS RESULTS. 
 
Sample Description Sand      
Survey/Cruise TG  03      
Test Date       
Test Number       
Sample Position       
Sample No:                Basin A-03 Stn. 1     
Amount in Grams
270.0 258.1g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 41.6 4.5 4.50 1.74 1.74
8 -3 0 0 4.50 1.74 0.00
4 -2 38.1 1 5.50 2.13 0.39
2 -1 42.2 5.1 10.60 4.11 1.98

1.4 -0.5 41.6 4.5 15.10 5.85 1.74
1 0 43.7 6.6 21.70 8.41 2.56

0.71 0.5 49.4 12.3 34.00 13.17 4.77
0.5 1 63.1 26 60.00 23.25 10.07

0.35 1.5 77.2 40.1 100.10 38.78 15.54
0.25 2 109.2 72.1 172.20 66.72 27.93
0.18 2.5 88.7 51.6 223.80 86.71 19.99
0.13 3 63 25.9 249.70 96.75 10.03
0.09 3.5 43.3 6.2 255.90 99.15 2.40
0.06 4 38.6 1.5 257.40 99.73 0.58
pan  37.80 0.7 258.10 100.00 0.27

       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  Basin A-03 Stn. 2     
Amount in Grams
270.0 256.0g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 0 0 0.00 0.00 0.00
8 -3 37.9 0.8 0.80 0.31 0.31
4 -2 42.5 5.4 6.20 2.42 2.11
2 -1 57.7 20.6 26.80 10.48 8.06

1.4 -0.5 57.7 20.6 47.40 18.54 8.06
1 0 62.2 25.1 72.50 28.35 9.82

0.71 0.5 70.7 33.6 106.10 41.49 13.14
0.5 1 79.9 42.8 148.90 58.23 16.74

0.35 1.5               .75.0  37.9 186.80 73.05 14.82
0.25 2 78.6 41.5 228.30 89.28 16.23
0.18 2.5 55.1 18 246.30 96.32 7.04
0.13 3 43.8 6.7 253.00 98.94 2.62
0.09 3.5 38.9 1.8 254.80 99.65 0.70
0.06 4 37.6 0.5 255.30 99.84 0.20
pan  37.50 0.4 255.70 100.00 0.16
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Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       

Sample No:  
Basin C-03 Stn. 
3       

Amount in Grams
270.0   319.3g  Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 0 0 0.00 0.00 0.00
8 -3 37.5 0.4 0.40 0.13 0.13
4 -2 40.8 3.7 4.10 1.29 1.16
2 -1 61.3 24.2 28.30 8.87 7.59

1.4 -0.5 76.6 39.5 67.80 21.26 12.39
1 0 92.2 55.1 122.90 38.54 17.28

0.71 0.5 94.5 57.4 180.30 56.54 18.00
0.5 1 89.9 52.8 233.10 73.10 16.56

0.35 1.5 64.3 27.2 260.30 81.62 8.53
0.25 2 65.2 28.1 288.40 90.44 8.81
0.18 2.5 57 19.9 308.30 96.68 6.24
0.13 3 44.9 7.8 316.10 99.12 2.45
0.09 3.5 38.5 1.4 317.50 99.56 0.44
0.06 4 37.9 0.8 318.30 99.81 0.25
pan  37.70 0.6 318.90 100.00 0.19

       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  Basin C-03 Stn. 4     
Amount in Grams
270.0 277.2g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 0 0 0.00 0.00 0.00
8 -3 37.3 0.2 0.20 0.07 0.07
4 -2 41.1 4 4.20 1.52 1.44
2 -1 65.6 28.5 32.70 11.80 10.29

1.4 -0.5 83.2 46.1 78.80 28.44 16.64
1 0 88.3 51.2 130.00 46.91 18.48

0.71 0.5 83.9 46.8 176.80 63.80 16.89
0.5 1 74.4 37.3 214.10 77.26 13.46

0.35 1.5 58 20.9 235.00 84.81 7.54
0.25 2 58.7 21.6 256.60 92.60 7.80
0.18 2.5 50.8 13.7 270.30 97.55 4.94
0.13 3 42.1 5 275.30 99.35 1.80
0.09 3.5 38 0.9 276.20 99.68 0.32
0.06 4 37.4 0.3 276.50 99.78 0.11
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pan  37.70 0.6 277.10 100.00 0.22
       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  Basin C-03 Stn. 5     
Amount in Grams
270.0 286.7g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 0 0 0.00 0.00 0.00
8 -3 0 0 0.00 0.00 0.00
4 -2 42.5 5.4 5.40 1.89 1.89
2 -1 45.3 8.2 13.60 4.76 2.87

1.4 -0.5 42.4 5.3 18.90 6.62 1.86
1 0 42 4.9 23.80 8.33 1.72

0.71 0.5 42.7 5.6 29.40 10.29 1.96
0.5 1 41.8 4.7 34.10 11.94 1.65

0.35 1.5 40.7 3.6 37.70 13.20 1.26
0.25 2 42.5 5.4 43.10 15.09 1.89
0.18 2.5 47 9.9 53.00 18.55 3.47
0.13 3 64.3 27.2 80.20 28.07 9.52
0.09 3.5 109.8 72.7 152.90 53.52 25.45
0.06 4 111.2 74.1 227.00 79.45 25.94
pan  95.80 58.7 285.70 100.00 20.55

       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  Basin B-03 Stn. 6     
Amount in Grams
270.0 358.1g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 57.4 20.1 20.10 5.62 5.62
8 -3 53 15.9 36.00 10.07 4.45
4 -2 45.6 8.5 44.50 12.45 2.38
2 -1 79.8 42.7 87.20 24.40 11.95

1.4 -0.5 87.2 50.1 137.30 38.42 14.02
1 0 96.2 59.1 196.40 54.95 16.54

0.71 0.5 105.6 68.5 264.90 74.12 19.17
0.5 1 82.4 45.3 310.20 86.79 12.67

0.35 1.5 58.8 21.7 331.90 92.87 6.07
0.25 2 54.6 17.5 349.40 97.76 4.90
0.18 2.5 42.6 5.5 354.90 99.30 1.54
0.13 3 38.3 1.2 356.10 99.64 0.34
0.09 3.5 37.5 0.4 356.50 99.75 0.11
0.06 4 37.5 0.4 356.90 99.86 0.11
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pan  37.60 0.5 357.40 100.00 0.14
       
       
Sample Description Sand        
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  Basin A-03 (Dredge)      
Amount in Grams
270.0 460.2g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 0 0 0.00 0.00 0.00
8 -3 37.9 0.8 0.80 0.17 0.17
4 -2 48.2 11.1 11.90 2.59 2.41
2 -1 44.8 7.7 19.60 4.26 1.68

1.4 -0.5 40.1 3 22.60 4.92 0.65
1 0 41.9 4.8 27.40 5.96 1.04

0.71 0.5 44.9 7.8 35.20 7.66 1.70
0.5 1 46 8.9 44.10 9.59 1.94

0.35 1.5 49.8 12.7 56.80 12.36 2.76
0.25 2 58.7 21.6 78.40 17.05 4.70
0.18 2.5 97.7 60.6 139.00 30.24 13.18
0.13 3 178.5 141.4 280.40 61.00 30.76
0.09 3.5 162.1 125 405.40 88.19 27.19
0.06 4 72.4 35.3 440.70 95.87 7.68
pan  56.10 19 459.70 100.00 4.13

       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  North Atata-03  DS # 1     
Amount in Grams
270.0 527.0g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 54.6 17.5 17.50 3.32 3.32
8 -3 44.1 7 24.50 4.65 1.33
4 -2 49.5 12.4 36.90 7.01 2.36
2 -1 91.9 54.8 91.70 17.42 10.41

1.4 -0.5 96.3 59.2 150.90 28.66 11.24
1 0 111.9 74.8 225.70 42.87 14.21

0.71 0.5 138.5 101.4 327.10 62.13 19.26
0.5 1 132 94.9 422.00 80.15 18.02

0.35 1.5 88.2 51.1 473.10 89.86 9.71
0.25 2 72.9 35.8 508.90 96.66 6.80
0.18 2.5 47 9.9 518.80 98.54 1.88
0.13 3 40 2.9 521.70 99.09 0.55
0.09 3.5 38.4 1.3 523.00 99.34 0.25
0.06 4 38.3 1.2 524.20 99.56 0.23
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pan  39.40 2.3 526.50 100.00 0.44
       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  North Atata-03 DS # 2     
Amount in Grams
270.0 498.7g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 59.8 22.7 22.70 4.56 4.56
8 -3 43.4 6.3 29.00 5.82 1.26
4 -2 41 3.9 32.90 6.60 0.78
2 -1 69.7 32.6 65.50 13.14 6.54

1.4 -0.5 84.3 47.2 112.70 22.62 9.47
1 0 111.9 74.8 187.50 37.63 15.01

0.71 0.5 154.4 117.3 304.80 61.17 23.54
0.5 1 136.5 99.4 404.20 81.12 19.95

0.35 1.5 84.2 47.1 451.30 90.57 9.45
0.25 2 65.6 28.5 479.80 96.29 5.72
0.18 2.5 45.7 8.6 488.40 98.01 1.73
0.13 3 40.2 3.1 491.50 98.64 0.62
0.09 3.5 39.1 2 493.50 99.04 0.40
0.06 4 39.2 2.1 495.60 99.46 0.42
pan  39.80 2.7 498.30 100.00 0.54

       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  North Atata-03 DS # 3     
Amount in Grams
270.0 519.4g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 48.8 11.7 11.70 2.26 2.26
8 -3 41.3 4.2 15.90 3.06 0.81
4 -2 42.3 5.1 21.00 4.05 0.98
2 -1 75.5 38.4 59.40 11.45 7.40

1.4 -0.5 86.1 49 108.40 20.89 9.44
1 0 116.3 79.2 187.60 36.16 15.27

0.71 0.5 158.7 121.6 309.20 59.60 23.44
0.5 1 140 102.9 412.10 79.43 19.83

0.35 1.5 90.4 53.3 465.40 89.71 10.27
0.25 2 68.8 31.7 497.10 95.82 6.11
0.18 2.5 47.1 10 507.10 97.74 1.93
0.13 3 41 3.9 511.00 98.50 0.75
0.09 3.5 39.5 2.4 513.40 98.96 0.46
0.06 4 39.1 2 515.40 99.34 0.39
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pan  40.50 3.4 518.80 100.00 0.66
       
       
Sample Description Sand      
Survey/Cruise TG 03      
Test Date       
Test Number       
Sample Position       
Sample No:  North Atata-03 DS # 4     
Amount in Grams
270.0 529.8g Water depth:   Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 

16 -4 68.5 31.4 31.40 5.93 5.93
8 -3 44.6 7.5 38.90 7.34 1.42
4 -2 44.7 7.6 46.50 8.78 1.43
2 -1 72.3 35.2 81.70 15.42 6.64

1.4 -0.5 80.6 43.5 125.20 23.63 8.21
1 0 110.7 73.6 198.80 37.52 13.89

0.71 0.5 152.8 115.7 314.50 59.36 21.84
0.5 1 138.4 101.3 415.80 78.48 19.12

0.35 1.5 90.4 53.3 469.10 88.54 10.06
0.25 2 71.1 34 503.10 94.96 6.42
0.18 2.5 48.1 11 514.10 97.04 2.08
0.13 3 42.5 5.4 519.50 98.06 1.02
0.09 3.5 39.9 2.8 522.30 98.58 0.53
0.06 4 39.6 2.5 524.80 99.06 0.47
pan  42.10 5 529.80 100.00 0.94
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APPENDIX 4. AUGUST 2004 SAMPLES - DRY SIEVE ANALYSIS RESULTS 
 
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Atata     

Sample No:  
North Atata-04 DS
# 1     

Amount in Grams 516.70  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  46.90  9.80  9.80  1.90  1.90  
8.00  -3.00  38.20  1.10  10.90  2.11  0.21  
4.00  -2.00  42.50  5.40  16.30  3.16  1.05  
2.00  -1.00  82.20  45.10  61.40  11.90  8.73  
1.40  -0.50  93.80  56.70  118.10  22.90  10.97  
1.00  0.00  117.10  80.00  198.10  38.41  15.48  
0.71  0.50  151.00  113.90  312.00  60.49  22.04  
0.50  1.00  134.20  97.10  409.10  79.31  18.79  
0.35  1.50  84.80  47.70  456.80  88.56  9.23  
0.25  2.00  65.80  28.70  485.50  94.13  5.55  
0.18  2.50  48.10  11.00  496.50  96.26  2.13  
0.13  3.00  42.70  5.60  502.10  97.34  1.08  
0.09  3.50  40.60  3.50  505.60  98.02  0.68  
0.06  4.00  40.20  3.10  508.70  98.62  0.60  
pan  44.20  7.10  515.80  100.00  1.37  
      99.8258  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Fukave     
Sample No:  Fukave-04 Stn #1     
Amount in Grams 538.70  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  0.00  0.00  0.00  0.00  0.00  
8.00  -3.00  37.40  0.30  0.30  0.06  0.06  
4.00  -2.00  39.90  2.80  3.10  0.58  0.52  
2.00  -1.00  50.30  13.20  16.30  3.03  2.45  
1.40  -0.50  51.20  14.10  30.40  5.65  2.62  
1.00  0.00  52.20  15.10  45.50  8.45  2.80  
0.71  0.50  59.70  22.60  68.10  12.65  4.20  
0.50  1.00  86.70  49.60  117.70  21.86  9.21  
0.35  1.50  118.90  81.80  199.50  37.05  15.18  
0.25  2.00  201.80  164.70  364.20  67.64  30.57  
0.18  2.50  175.30  138.20  502.40  93.31  25.65  
0.13  3.00  71.60  34.50  536.90  99.72  6.40  
0.09  3.50  38.40  1.30  538.20  99.96  0.24  
0.06  4.00  37.20  0.10  538.30  99.98  0.02  
pan  37.20  0.10  538.40  100.00  0.02  
      99.9443  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
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Test Number       
Sample Position  Fukave     

Sample No:  
Fukave-04 Stn
#2     

Amount in Grams 531.30  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  0.00  0.00  0.00  0.00  0.00  
8.00  -3.00  0.00  0.00  0.00  0.00  0.00  
4.00  -2.00  37.50  0.40  0.40  0.08  0.08  
2.00  -1.00  41.50  4.40  4.80  0.90  0.83  
1.40  -0.50  40.70  3.60  8.40  1.58  0.68  
1.00  0.00  41.50  4.40  12.80  2.41  0.83  
0.71  0.50  48.10  11.00  23.80  4.48  2.07  
0.50  1.00  76.50  39.40  63.20  11.91  7.42  
0.35  1.50  132.80  95.70  158.90  29.94  18.01  
0.25  2.00  242.70  205.60  364.50  68.67  38.70  
0.18  2.50  177.90  140.80  505.30  95.20  26.50  
0.13  3.00  61.60  24.50  529.80  99.81  4.61  
0.09  3.50  37.90  0.80  530.60  99.96  0.15  
0.06  4.00  37.20  0.10  530.70  99.98  0.02  
pan  37.20  0.10  530.80  100.00  0.02  
      99.9059  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Fukave     

Sample No:  
Fukave-04 DS
#3     

Amount in Grams 540.70  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  39.20  2.10  2.10  0.39  0.39  
8.00  -3.00  48.10  11.00  13.10  2.42  2.03  
4.00  -2.00  50.40  13.30  26.40  4.88  2.46  
2.00  -1.00  62.30  25.20  51.60  9.54  4.66  
1.40  -0.50  56.90  19.80  71.40  13.21  3.66  
1.00  0.00  60.80  23.70  95.10  17.59  4.38  
0.71  0.50  83.70  46.60  141.70  26.21  8.62  
0.50  1.00  130.10  93.00  234.70  43.41  17.20  
0.35  1.50  147.40  110.30  345.00  63.82  20.40  
0.25  2.00  164.40  127.30  472.30  87.37  23.54  
0.18  2.50  90.90  53.80  526.10  97.32  9.95  
0.13  3.00  50.00  12.90  539.00  99.70  2.39  
0.09  3.50  38.20  1.10  540.10  99.91  0.20  
0.06  4.00  37.30  0.20  540.30  99.94  0.04  
pan  37.40  0.30  540.60  100.00  0.06  
      99.9815  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Fukave     

Sample No:  
Fukave-04 DS
#4     

Amount in Grams 537.40  Water depth: Surface   
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Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  0.00  0.00  0.00  0.00  0.00  
8.00  -3.00  42.30  5.20  5.20  0.97  0.97  
4.00  -2.00  53.30  16.20  21.40  3.99  3.01  
2.00  -1.00  61.60  24.50  45.90  8.55  4.56  
1.40  -0.50  57.30  20.20  66.10  12.32  3.76  
1.00  0.00  60.40  23.30  89.40  16.66  4.34  
0.71  0.50  82.10  45.00  134.40  25.04  8.37  
0.50  1.00  126.20  89.10  223.50  41.64  16.58  
0.35  1.50  152.20  115.10  338.60  63.09  21.42  
0.25  2.00  163.80  126.70  465.30  86.70  23.58  
0.18  2.50  93.40  56.30  521.60  97.19  10.48  
0.13  3.00  50.30  13.20  534.80  99.65  2.46  
0.09  3.50  38.30  1.20  536.00  99.87  0.22  
0.06  4.00  37.40  0.30  536.30  99.93  0.06  
pan  37.50  0.40  536.70  100.00  0.07  
      99.8697  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Basin A     

Sample No:  
Basin A-04 Stn
#1     

Amount in Grams 487.70  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  76.20  39.10  39.10  8.03  8.02  
8.00  -3.00  71.20  34.10  73.20  15.02  6.99  
4.00  -2.00  80.20  43.10  116.30  23.87  8.84  
2.00  -1.00  88.90  51.80  168.10  34.50  10.62  
1.40  -0.50  80.10  43.00  211.10  43.33  8.82  
1.00  0.00  84.90  47.80  258.90  53.14  9.80  
0.71  0.50  108.50  71.40  330.30  67.80  14.64  
0.50  1.00  112.50  75.40  405.70  83.27  15.46  
0.35  1.50  80.20  43.10  448.80  92.12  8.84  
0.25  2.00  63.90  26.80  475.60  97.62  5.50  
0.18  2.50  44.00  6.90  482.50  99.04  1.41  
0.13  3.00  40.00  2.90  485.40  99.63  0.59  
0.09  3.50  38.00  0.90  486.30  99.82  0.18  
0.06  4.00  37.40  0.30  486.60  99.88  0.06  
pan  37.70  0.60  487.20  100.00  0.12  
      99.8975  
Sample Description Sand     
Survey/Cruise  TG 04     
Test Date       
Test Number       
Sample Position  Basin A      

Sample No:  
Basin A-04 Stn
#2     

Amount in Grams 521.00  Water depth: Surface   
       
Aperture Ph Value Weight Wt retained cum wt ret cum % indiv % 
16.00  -4.00  55.70  18.60  18.60  3.57  3.57  
8.00  -3.00  60.90  23.80  42.40  8.14  4.57  
4.00  -2.00  84.60  47.50  89.90  17.26  9.12  
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2.00  -1.00  110.90  73.80  163.70  31.43  14.17  
1.40  -0.50  97.60  60.50  224.20  43.05  11.61  
1.00  0.00  99.00  61.90  286.10  54.93  11.88  
0.71  0.50  114.60  77.50  363.60  69.82  14.88  
0.50  1.00  108.50  71.40  435.00  83.53  13.70  
0.35  1.50  76.70  39.60  474.60  91.13  7.60  
0.25  2.00  65.10  28.00  502.60  96.51  5.37  
0.18  2.50  46.90  9.80  512.40  98.39  1.88  
0.13  3.00  42.50  5.40  517.80  99.42  1.04  
0.09  3.50  38.80  1.70  519.50  99.75  0.33  
0.06  4.00  37.60  0.50  520.00  99.85  0.10  
pan  37.90  0.80  520.80  100.00  0.15  
      99.9616  
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