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Executive summary 
 

Various port layout designs are being considered as part of the extensions to the Walvis Bay SADC Gateway 
Port. Since the location and extent of reclamation and dredge works differs for each design layout the 
geological conditions vary accordingly. Consequently the magnitude of differential consolidation settlements, 
dredging conditions and volumes of materials produced/utilized with each design are expected to vary. This 
report discusses the geological conditions across the larger port area and relates the conditions to the 
differential settlements and material balances associated with six proposed design layouts. 

The geological model of the area is a simple sediment succession of highly compressible silt ooze underlain by 
dense sands that cover calcareous arenite and conglomerate layers. The basement rock underlying the 
calcareous sedimentary rocks is variably metamorphosed granite gneiss. The ooze layer is less than 3m thick 
between the coast line and a distance of 2000m from the coast and reclamation works are therefore considered 
to be feasible without dredging of the ooze. It is recommended that reclamation work be performed on the 
existing profiles without additional dredging and that all reclamation works be completed as rapidly as possible 
to allow differential settlements to develop before placement of the overlying rigid paved layers.  

The rock levels are such that minimal rock excavation is required in the entrance channel and tanker berth 
areas but that any additional dredging for dry bulk berths between the tanker berths and the coastline will 
require significant amounts of rock dredging. The rock properties vary unsystematically across these areas and 
excavation of the rock is expected to require an unpredictable combination of direct digging with a cutter 
suction dredger and mechanical dredging (ripping). It is also possible that is some areas the rock will require 
pre-treatments to allow ripping and digging to occur. The costs of rock dredging will therefore be orders of 
magnitude higher than the costs for sand dredging. It is therefore recommended that a design option with 
limited rock dredging be considered. Since the rock depth becomes shallower from west to east this would 
translate into a design where reclamation zones are extended offshore to allow berth areas to be dredged 
further west. The excavated rock is expected to be suitable for use as aggregate in structural layer works. 

Dredging of the entrance channel and the tanker berth areas will result in approximately 19.5 million m
3
 of sand 

suitable for use in reclamation works and 9.7 million m
3
 of ooze material that will have to be disposed of. Of the 

proposed layouts there are large differences in the amount of sand required for reclamation works and 
consequently differences in the amount of waste sands produced. This, in combination with the variations in 
amounts of rock dredging, make it relatively easy to identify the most attractive of the proposed layouts from a 
geotechnical cost and waste production point of view. The design layout geotechnical conclusions are 
summarized as follows: 

■ Design Layout 1: significant risk of excessive differential settlements and large volume of rock excavation. 
■ Design Layout 2: limited differential settlement with large waste sand volume and high volumes of rock 

excavation 
■ Design Layouts 0, 1B, 3, 4 and Shiplift: similar low differential settlements with decreasing waste sand 

amounts in order Shiplift layout > Layout 4 > Layout 1B > Layout 0, Layout 3 

Based on these observations Design layout 3 is considered to be the most geotechnically suitable design. It 
may however be worth considering alternative design layouts that exploit the fact that the rock depth appears to 
remain below the -15mCD level in a direction south and south west of the tanker berth areas.      
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1 Introduction 
 

Extensions to the Walvis Bay SADC Gateway Port include new tanker berths, dry bulk berths and future dig-out 
basin extending into the sand dunes to the east of the Bay. The proposed port extensions are located to the 
north of the existing port facilities at Kuisebmond. A full scale geotechnical drilling investigation of the area has 
been completed. 

Various port layout designs are being considered and this report discusses six different options in terms of the 
geotechnical conditions likely to be encountered, the expected differential settlements in each reclamation 
layout and the balance between dredging and fill/reclamation requirements for each of the layouts. 

2 Layout descriptions 

2.1 Introduction to layout design options 

Common to each of the proposed layouts is a straight dredged entrance channel extending seaward in an 
approximately northwest direction. This channel enters the port where it widens to form a turning circle at the 
start of the tanker berths which run parallel to the entrance channel. At the end of the tanker berths is a second, 
larger turning circle.  

The differences between the design options are related to the location and size of dredged channels and dig 
out channels to be cut beyond the common features described above. Additionally the location and length of 
dry bulk berths, and associated land reclamation and fill areas, differs between design layouts. The surface 
areas of dredge/cut and reclaim/fill zones associated with each proposed layout were determined and are 
summarized in Table 1. 

Table 1. Surface areas associated with each proposed layout 

Layout 
Reclaimed / fill surface area 

(million m
2
) 

Offshore dredge  surface area 

(million m
2
) 

Onshore cut  surface area 

(million m
2
) 

0 1.3 0.3 - 

1 2.8 0.4 1.3 

1B 1.3 0.4 0.2 

2 0.2 1.1 - 

3 1.5 0.2 - 

4 1.1 0.5 0.3 

SHIP 0.1 0.4 - 

  



 

 

 

   
   
   

2.2 Layout 0 

Layout 0 is very simple with a reclamation zone between the common dredge area and shore directly to the 
east and a small area of additional dredging to the south (Figure 1). The reclaimed surface area is 1.3 million 
m

2
 while the additional dredging area is 0.3 million m

2
.   

 

 

Figure 1. Design Layout 0. 
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2.3 Layout 1 

Layout 1 includes a large land reclamation area and an extended dig out channel that extends through the 
reclaimed earth area into the existing shore area (Figure 2). The reclaimed area therefore consists of two areas 
with a surface area of 2.6 million m

2
 and 0.2 million m

2
 respectively. The offshore additional dredged surface 

area is approximately 0.4 million m
2
 while the area of the onshore dig out basin is 1.3 million m

2
.  

 

Figure 2. Design Layout 1. 

  



 

 

 

   
   
   

2.4 Layout 1-B 

Layout 1-B has a smaller reclamation area that Layout 1 but unlike Layout 0 it has a small area of onshore dig 
out basin (reduced size compared to Layout 1). The total surface area of the reclaimed land is only 1.3 million 
m

2
 and the channel surface areas is only 0.6 million m

2
 of which less than half is located onshore in a dig out 

channel.  

 

 

Figure 3. Design Layout 1B 
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2.5 Layout 2 

Layout 2 consists of an extended dredge channel running along the coast line in a northern direction and is 
flanked by a thin zone of reclaimed land on which dry bulk berths will be constructed (Figure 4). This design 
greatly reduces the area of reclaimed land (0.2 million m

2
) while the dredge channel area is 1.1 million m

2
 and 

entirely located offshore (i.e. no onshore dig out basin areas). 

 

  

Figure 4. Design Layout 2 

  



 

 

 

   
   
   

2.6 Layout 3 

Design layout 3 is similar to layout 2 in that it does not have an on shore dig out basin but is essentially the 
opposite design in terms of dredging vs reclamation works. A large area of reclamation replaces the majority of 
the dredged channel proposed in Layout 2 and actually covers a part of the dredging area common to all other 
designs (Figure 5). The design results in a large area (1.5 million m

2
) of reclaimed fill area and a small area of 

additional dredging (0.2 million m
2
) to establish the dry bulk berths on the edge of the reclaimed area. 

 

Figure 5. Design layout 3 
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2.7 Layout 4 

Design layout 4 (Figure 6) is a balanced design with a short dig out basin extending onshore and a relatively 
large reclaimed land area to the north of the dig out basin. The dredged/dig out channel area is 0.8 million m

2
 of 

which approximately one third (0.3 million m
2
) will be onshore. The reclaimed land surface area is 1.1 million 

m
2
.  

 

 

Figure 6. Design layout 4 

  



 

 

 

   
   
   

2.8 Shiplift layout 

The final layout considered is that of a ship lift located adjacent to a small area of reclaimed land and fill along 
the current coast line (Figure 7). This design greatly reduces the area of reclaimed land (0.15 million m

2
 of 

which most will be on shore) and the amount of additional dredging required (0.4 million m
2
). 

 

 

Figure 7. Shiplift design layout 

3 Geotechnical conditions 

3.1 Introduction 

The water table in the onshore area has an average level of +0.6mCD but subject to tidal influence, especially 
within 100m of the shoreline. The observed water levels were roughly between +2mCD and -2mCD. 

The geotechnical investigation revealed that the site can be characterised by the following layers: 

■ Soft silts (ooze): 1-4m of dark green silts overlying silt sand mixtures with limited lateral extent of layers. 
Considered highly compressible due to high void ratios (SPT N value ≈ 0). 

■ Marine sands: underlying the soft silts this layer is generally 15-20m thick and has SPT N values of 45 – 
60. Local variations in consistency range from loose to very dense. 

■ Arenites and conglomerates: The upper most rock layer is a land derived clastic sedimentary rock ranging 
in composition from sandstone to conglomerate. Both the degree of cementation and the thickness of these 
materials vary. UCS values of 3-70 MPa were obtained from recoverable cores. 

■ Granite Gneiss: The basement rock on the site vicinity that have a surface topography with elevations of -
9mCD to -50mCD. Variations in weathering result in hardness classifications across the range from very 
soft to hard rock with a maximum UCS of 148 MPa. 
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3.2 Soft silt/ooze  

An interpolation of the measured ooze thicknesses (Figure 8) reveals the area to at least 2000m offshore to be 
covered by less than 3 m of ooze. Within areas where the ooze is less than 3m thick it is considered feasible to 
perform reclamation works directly without removing the ooze first. Where the ooze thickness exceeds 3m the 
risk of large differential settlements is likely to be excessive and therefore dredging of ooze would be 
recommended. It is however unlikely that land reclamation will be required at distances beyond 2000m 
offshore.  

   

Figure 8. Ooze thickness contours interpolated from borehole data. 

Onshore the soft ooze layers are not present and the sand layers represent Aeolian (dune) deposits. These 
sands are therefore very well sorted but minor fine gravels also overly the arenite bedrock. The onshore 
sediments (Aeolian sands and fine gravels) and the offshore marine sand layers are considered suitable for use 
in all reclamation works, both below and above the water level. Additionally the sand properties are not 
expected to vary significantly and should provide homogeneous reclamation layer properties.  



 

 

 

   
   
   

3.3 Rock levels and dredgability 

The geological sections along selected alignments within the investigation area revealed that in places the 
arenite rock level is above the -20mCD dry bulk berth dredge level. When rock depth point data was 
extrapolated across the area of data collection (Figure 9) the general trend of decreasing rock level from west 
to east can be seen. Rock depths are therefore -15 to -20mCD in the landward end of the tanker berth dredge 
areas and -20 to -10mCD in the offshore areas between the tanker berths and the coastline. Onshore the rock 
depth continues to decrease and reaches -5mCD within 1000m of the shoreline east of the tanker berths.  

      

 

Figure 9. Rock depth contours interpolated from borehole data (Design layout areas one included for reference). 

 

A horizontal section of the electrical resistivity data for -15mCD (Figure 10) indicates that at a depth of -15mCD 
surface sediment layers (blue colours) are present until approximately halfway through the tanker berth dredge 
area. Moving further east the resistivity data revealed that,  at the -15mCD level, dense sand layers are found 
for the major portions of the tanker berth areas but that these are replaced by arenite/conglomerate rock layers 
for most of the areas between the common dredge channels and the coastline.   

There is therefore a strong correlation between information gained from the interpolated rock depths and the 
resistivity data. Both indicate that rock is present at depths of -15mCD or less, directly east of the tanker berth 
dredge areas while to the south and south west of these areas rock depth remains below the -15mCD level at 
least up until the shoreline.  

The geotechnical investigation attempted to determine the correlation between rock strength classification (of 
both the sedimentary and metamorphic rocks) and depth below the rock surface. There was, however, no 
consistent trend in rock strength and local variations in UCS in the range of <5 to 90 MPa were observed 
(excluding outliers). When only results from layers of rock that occur above -20mCD are considered the range 
of UCS decreased to 2-45 MPa but still followed no trend with depth. 
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Figure 10. Horizontal Section Electrical Resistivity data for -15CD. 

 

Since the dredgability of a material depends not only on the material properties but also on the type of dredging 
equipment to be used there is no one classification system that describes the dredgability of a material. 
However, according to PIANC (2014) the two variables that determine the dredgability best are the Uniaxial 
Compressive strength (UCS) and the discontinuity spacing. Unfortunately limited discontinuity spacing data 
was recorded. The UCS values for rock material that would be dredged (i.e. above the -20mCD level) were 
determined from point load index test results for many samples. Figure 11 and Figure 12 show how, when 
grouped according to the rock strength classes proposed IANC (2014), there is limited variability and most 
materials have a UCS of between 5 and 50MPa and therefore are described as moderately weak or moderately 
strong. There is however no observed pattern in the areas where either of these two classes occur and it 
appears that the UCS varies according to random differences in rock properties. 

When the rock weathering description included in the borehole core logs is considered even less spatial 
variation is observed (Figure 13) and the description does not correlate well with the UCS values. This is likely 
due to the fact that the lithic arenite and conglomerate weathering was described based on the weathering of 
the clasts within them.  

 



 

 

 

   
   
   

 

Figure 11. UCS values measured on borehole rock samples taken above the -20mCD level.  

 

Figure 12. Dredge rock strength based on UCS values.  
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Figure 13. Description of the weathering observed in dredge rock layers. 

Since rock quality designation (RQD) values were recorded these values were considered as a replacement for 
discontinuity spacing measurements. Since many values were reported for different layers within each borehole 
an average had to be taken for each hole. The results show limited patterns and a wide range of averages from 
11 to 91% (Figure 14). The effect of discontinuity spacing on the dredgability of the rock is therefore expected 
to cause some materials to be easily dredged (high RQD) while others are expected to not be affected at all 
(high RQD). The use of RQD rather than discontinuity spacing is not advised by PIANC (2014) since high RQD 
values do not always translate into low discontinuity spacing or vice versa.  

 

Figure 14. RQD values in rock layers to be dredged (average of values recorded in relevant layers) 



 

 

 

   
   
   

Based on the limited discontinuity spacing data recorded a spacing of 0.1 – 1.0m can be expected in the rock to 
be dredged. When the combination of these values and the range of measured UCS values (2-45 MPa) are 
plotted on the excavatability chart in PIANC (2004) (Figure 15) materials are seen to fall in the digging, ripping 
and cutting fields. The exact excavation mechanism will however depend on the rock cutting dredger being 
used. 
 

 

Figure 15. Rock excavation mechanism / excavatability chart (PIANC, 2014). 

   

It can be concluded that the rock that requires dredging varies from moderately weak to moderately strong 
rock, regardless of depth, and the dredgability of the rock is generally expected to be suitable for the use of a 
cutter suction dredger. However, where the UCS of the rock is excessive and or the discontinuity spacing is 

very wide (i.e. were a compact, strong rock mass exists) additional mechanical dredging (ripping) or pre-
treated (such as drilling and blasting) will be required. Based on the available data the accurate prediction of 

where such areas will be encountered, both laterally and vertically, is not possible. 

The rock will, after dredging, be suitable for use as a reclamation material but is expected to produce a material 
sufficient quality and strength for use in structural layers of pavements and other surface structures.   

3.4 Common dredge entrance channel and tanker berths conditions 

The entrance channel and the tanker berth are to be dredged to a depth of -16mCD. Since the rock depths 
observed within the common dredge area had a range of -12 to -27mCD there will be some areas where rock 
will be encountered above the -16mCD dredge level but based on the interpolated rock levels these will be less 
than 5% of the total combined channel and tanker berth area. 
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Overlying the rock is a highly variable thickness of the marine sands (3–16 m). The observed thickness of the 
ooze silts that overly the sands throughout this area ranged from 1-7 m with an average thickness of 
approximately 4.0 m expected. Dredging of the proposed channel and tanker berths is therefore not expected 
to be problematic. 

The quay for the tanker berth is proposed to be a dolphin structure founded on piles. The use of a gravity 
structure is not recommended due to possible differential settlements occurring because of localized areas of 
soft sediments within the arenite/conglomerate layers. The proposed pile foundations are therefore favourable 
and possible due to the presence of the arenite/conglomerate layers at a depth of approximately -20 to -25mCD 
at the proposed locations of the tanker berths.   

3.5 Consolidation settlement calculation methodology 

To determine the differential consolidation settlements associated with each of the proposed reclamation 
design layouts the methodology described in Part 3 (Port Works Design Manual) of the Hong Kong Design 
Manual was used. The sediment layers are assumed to be normally consolidated and therefore Equation 1 is 
used to calculate primary consolidation settlements. 

The Compression Index (CC) and initial void ratios and the densities were inferred from laboratory results and 
the soil classifications of the sediments, both reported in the factual geotechnical investigation report. The 
values used are summarized in Table 2. It is assumed that the reclaimed sand material will not undergo 
excessive consolidation settlements after construction due to both the high permeability of the sands and the 
fact that the sands will be placed at a rate that allows the dissipation of any excess pore water pressures that 
may develop within these materials so almost all of the consolidation settlement occurs during the construction 
phase. 

 

Table 2. In situ and reclaimed material consolidation parameters 

Material Bulk density (kN/m
3
) Compression index (CC) Initial void ratio 

Marine sand 20.0 (saturated) 0.01 0.8 

Silty ooze 15.5 (saturated) 0.1 7 

Reclaimed sands 18.5 (saturated) NA* NA* 

Reclaimed sands 14.0 (unsaturated) NA* NA* 

*Reclaimed sands assumed to settle during construction 

The time for settlements to occur was, in the absence of any laboratory consolidation test results, calculated 
using coefficient of consolidation values typical for the materials in each layer (Table 3) and a degree of 
consolidation of 0.9.  

 

Table 3. Consolidation settlement time estimates. 

Material Cv (m
2
/year) U TV 

Sands 50 0.9 0.9 

Silty ooze 2 0.9 0.9 

Cv = Coefficient of consolidation 
U = degree of consolidation 
TV = time factor 

 



 

 

 

   
   
   

 

Equation 
1 

 

 

3.6 Consolidation settlement results 

3.6.1 Design layout 0 

The settlements expected in the reclamation area of Layout 0 are calculated based on the four borehole 
profiles obtained in and in close proximity to the reclamation area. These reveal a maximum settlement of 73 
mm and a maximum differential settlement of 25 mm.  

The maximum time for 90% of the estimated settlements was calculated to be 1.7 years which is considered to 
be relatively rapid and is mainly due to the high permeability of the fill and underlying sand layers and the 
limited thickness of the silty ooze. A large portion of the settlement will also occur during construction leaving 
minimal amounts to develop later. 
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Table 4. Layer depth observed in boreholes within Layout 0. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 15 5.4 1.6 3.0 10.0 

SPTW 19 7.3 1.8 5.7 14.7 

SPTW 20 7.8 2.2 7.0 17.0 

SPTW 21 7.5 1.5 3.2 12.1 

 

3.6.2 Design Layout 1 

Within the reclamation zones proposed for Layout 1 the ooze thickness is relatively uniform at 1.5-2.7 m while 
the water column varies by up to 3.5 m and the thickness of the underlying sands has a wide range (2.0 - 11.0 
m) (Table 5). Based on the observed sediment profiles the maximum settlement is expected to be 88mm but 
due to the relatively uniform thickness of the ooze silt layer the expected settlements for all the observed 
profiles ranges from 48 mm to 88 mm and therefore a maximum differential settlement of 40 mm is expected. 

The maximum time for 90% of the estimated settlements was calculated to be 2.2 years which is still 
considered to be relatively rapid and again is mainly due to the high permeability of the fill and underlying sand 
layers and the limited thickness of the silty ooze. 

 

Table 5. Layer depth observed in boreholes within Layout 1 reclamation areas. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 1 4.9 2.1 9.8 16.8 

SPTW 15 5.4 1.6 3.0 10.0 

SPTW 19 7.3 1.8 5.7 14.7 

SPTW 20 7.8 2.2 7.0 17.0 

SPTW 21 7.5 1.5 3.2 12.1 

SPTW 22 8.6 2.5 11.0 22.0 

SPTW 31 7.6 2.1 5.6 15.3 

SPTW 32 5.6 2.7 2.0 9.7 

3.6.3 Design Layout 1B 

Due to the smaller footprint of the reclamation area in Layout 1B the amount of relevant data points is reduced 
(Table 6) and the ooze thickness range is reduced to 1.5-2.2 m. The thickness of the underlying sands has a 
reduced but still wide range (3.0 – 9.8 m). Based on the these observed sediment profiles the maximum 
settlement is expected to be 73mm but due to the relatively uniform thickness of the ooze silt layer the 



 

 

 

   
   
   

expected settlements for all the observed profiles ranges from 48 mm to 73 mm and therefore a maximum 
differential settlement of 25 mm is expected. 

The maximum time for 90% of the estimated settlements was also reduced to be 1.7 years. As in design Layout 
1 a large portion of the settlement will occur during construction leaving minimal amounts to develop later. 

 

 

Table 6. Layer depth observed in boreholes within Layout 1B reclamation areas. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 1 4.9 2.1 9.8 16.8 

SPTW 15 5.4 1.6 3.0 10.0 

SPTW 19 7.3 1.8 5.7 14.7 

SPTW 20 7.8 2.2 7.0 17.0 

SPTW 21 7.5 1.5 3.2 12.1 

3.6.4 Design Layout 2 

Due to the reclamation zone in design Layout 2 being a narrow strip running parallel to the shore there are no 
boreholes within the footprint of the reclamation zone and all the boreholes in close proximity to the zone are 
above the water line and devoid of any ooze. The closest offshore boreholes are SPTW15 and SPTW 32 and 
based on the observed profiles in those boreholes (Table 7) settlements of 48 mm and 57mm are expected 
respectively. Assuming similar settlements across the Layout 2 reclamation a differential settlement of 
approximately 10mm is expected. The settlements are expected to reach 90% of their final values within 1 year 
and since large amounts of the settlement will occur during construction the actual settlements that will develop 
after the final reclamation layer has been placed are expected to be negligible.  

 

Table 7. Layer depth observed in boreholes within Layout 2 reclamation areas. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 15 5.4 1.6 3.0 10.0 

SPTW 32 5.6 2.7 2.0 9.7 

3.6.5 Design Layout 3 and Design Layout 4 

Compared to Layout 1B, Layout 3 and 4 have one less relevant data point (Table 8) but since the profile at the 
irrelevant data point (SPTW 1) produced intermediate settlement values compared with the other profiles the 
settlements (and settlement rates) expected in the reclamation area of Layout 3 and Layout 4 are identical to 
that for Layout 1B. A maximum settlement of 73 mm and maximum differential settlement of 25 mm is therefore 
expected with the majority of the settlements occurring during construction and before a period of 1.7 years 
after reclamation is complete. 
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Table 8. Layer depth observed in boreholes within Layout 3 and Layout 4 reclamation areas. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 15 5.4 1.6 3.0 10.0 

SPTW 19 7.3 1.8 5.7 14.7 

SPTW 20 7.8 2.2 7.0 17.0 

SPTW 21 7.5 1.5 3.2 12.1 

 

3.6.6 Shiplift Design Layout 

The reclamation area for the Shiplift Layout option is very small and since the majority of the structure is on 
shore no data points are within the proposed footprint. The only data point within a reasonable distance of the 
reclamation zone is that of borehole SPTW 15. The profile associated with that borehole (Table 9) is expected 
to produce 48mm of rapid consolidation settlement completed within one year of reclamation works. It is 
however possible that differential settlements will occur even in such a small area and it is therefore suggested 
that a differential settlement be expected and that these will be similar in magnitude to that expected in Layout 
1B, 3 and 4 (i.e. 25 mm over a period of 1.7 years after reclamation).  

Table 9. Layer depth observed in boreholes within Shiplift Layout design reclamation areas. 

Borehole Water depth (m) Ooze thickness (m) Sand thickness (m) Rock depth (m) 

SPTW 15 5.4 1.6 3.0 10.0 

3.6.7 Summary 

Table 10 is a summary of the differential settlements calculated for the reclamation areas in each of the design 
layouts. Since only one data point is relevant to the small shiplift reclamation area the maximum and minimum 
calculated settlements are identical but it is assumed that differential settlements may still occur as in other 
zones.   

Table 10. Summary of calculated differential settlements 

Layout 

Consolidation settlement (mm) 

Years to achieve 90% of settlements 

Minimum  Maximum Differential  

0 48 73 25 1.7 

1 48 88 40 2.2 

1B 48 73 25 1.7 

2 48 57 10 1.0 

3 48 73 25 1.7 

4 48 73 25 1.7 

SHIP 48 48 25 1.7 



 

 

 

   
   
   

4 Design layout material balances 

4.1 Methodology 

To determine the estimated volumes of materials generated during dredging and dig out operations and the 
volumes required for reclamation activities a simple inverse distance weighting interpolation of the borehole 
profile data on rock level depth, ooze layer thickness, marine sand layer thickness water depth and dry land 
thickness was performed. Based on the contours obtained the reclamation and dredge areas were split into 
zones of uniformity based on each of these variables and the volumes of each material calculated.   

The volumes calculated for all dredged areas within the proposed layout options were based on a final dredge 
depth of -20mCD while for the common dredge area depth of -16mCD was used. All land reclamation areas 
and dry bulk berths are assumed to have a design level of +6mCD. The following volumes were calculated 
based on this methodology: 

■ Common dredge area silty ooze volume 

■ Common dredge area sand volume 

And for each proposed design layout proposal: 

■ Onshore rock to be excavated/cut 

■ Offshore rock to be dredged 

■ Onshore soft material to be excavated (sandy soils) 

■ Offshore ooze to be dredged 

■ Offshore sand to be dredged 

■ Fill material that will be saturated 

■ Fill material that will be unsaturated 

 

Based on these volumes a balance between materials could be calculated assuming the following general uses 
of each material produced: 

■ All rock would be used as unsaturated fill 

■ All sandy material (i.e. excluding ooze silt) would be used suitable as saturated fill 

■ Ooze material would not be used as fill 

An alternative balance was also determined by considering the option of stockpiling all rock materials for use as 
high quality aggregates and using only sand material for reclamation works. 

4.2 Material balance results 

4.2.1 Common dredge area 

The total volume of material that will be dredged from the common dredge area is 29.2 million m
3
 of which 19.5 

million m
3
 (66%) is sand, 9.7 million m

3
 (33%) is silty ooze and less than 1% is rock. Since the sand is at a 

relatively high density it is assumed that the volume of the sand will not diminish on bulking when used as a 
reclamation material. These results are, along with other material volume results, summarized in Table 11. 

4.2.2 Design Layout 0 

Since design Layout 0 only requires offshore dredging the excavated material volume will be relatively low (total 
dredge volume of 3.8 million m

3
. The reclamation requirements are intermediate (compared to other layouts) at 
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16.0 million m
3
. This results in a shortfall in reclamation materials that can then be made up by utilizing the 

common dredge area sands. If this is done and the 0.5 million m
3
 of rock produced is stockpiled 13.4 million m

3
 

of the waste sand will be utilized in reclamation and 6.1 million m
3
 of waste sand will remain. This layout also 

produces an additional 0.7 million m
3
 of ooze waste due to dredging. 

4.2.3 Design Layout 1 

Design layout 1 will require a large amount of onshore rock and sand excavation (approximately 29 million m
3
) 

but this will be offset by an even larger reclamation requirement of 36.7 million m
3
. Since the offshore dredging 

will produce 6.0 million m
3
 of suitable reclamation material the material volumes will balance relatively well. 

Layout 1 will therefore ultimately result in very little of the common dredge material being utilized in the 
reclamation work and therefore in a large amount of waste. 

If the entire rock volume is stockpiled for use in other applications and only sands are used as reclamation 
materials a shortfall of 17.9 million m

3
 will occur. The 19.5 million m

3
 of sand from the common dredge area can 

however be used to compensate for the shortfall and reduce the waste significantly. 

4.2.4  Design Layout 1B 

Design layout 1B, with its reduced dig-out basin and reclamation area sizes has significantly reduced onshore 
dredge volumes and fill requirements. There is a large excess shortfall in rock material (4.9 million m

2
) if rock is 

used as fill above the water level. If all rock excavated (3.5 million m
3
) is stockpiled and only sand is used as a 

fill material a shortfall of 8.9 million m
3
 of sand occurs.  Once again the sand from the entrance channel could 

easily make up the required volume of sand to complete the reclamation works. The amount of ooze that would 
need to be disposed of is only slightly lower than the amount for Layout 1. 

4.2.5 Design Layout 2 

Due to the large areas of extra dredging and greatly reduced area of reclamation in Layout 2 large amounts of 
excess material will be generated. There will be an excess volume of approximately 6.1 million m

3
 of sand if no 

rock is utilized in the reclamation works. The increased dredging area also results in more than double the 
volume of oozy silt than either of the previous designs which in combination with the excess common dredge 
areas materials will result in Layout 2 producing the largest amount of waste materials.  

 

4.2.6 Design Layout 3 

Because Layout 3 had a small areas of reclamation over the common dredge area the amount of sand 
produced from the common area (and available for  reclamation work) is reduced to 18.5 million m

3
 and the 

amount of ooze waste produced by the common area be reduced by 0.3 million m
3
 to 9.4 million m

3
. The rock 

dredge volume is not affected.  

The large ratio of reclamation volumes to dredging volumes of Layout 3 result in the lowest volumes of 
additional materials from dredging and an overall shortfall of 17.4 million m

3
 of material if the small volume of 

rock produced is stockpiled. There is therefore sufficient sand from the common dredge area to account for the 
large reclamation area sand demand and to reduce the overall sand waste to approximately 1.1 million m

3
. 

4.2.7 Design Layout 4 

Design Layout 4 is similar to Layout 1B but has slightly larger offshore dredge and slightly smaller reclamation 
volumes. The shortfall of sand reclamation material, if rock is stockpiled, is however lower at 4.8 million m

3
 and 

therefore less of the common dredge area sand will be used to make up the deficit.  

4.2.8 Shiplift design Layout 

The Shiplift Layout has significantly more dredging than reclamation area and even if all rock is stockpiled and 
excess of 2.3 million m

3
 of sand will materialise. This layout therefore results in no use of the sand from the 

common dredge area and large amounts of waste from the additional dredging.   

 



 

 
 

   
   
   

Table 11. Volumes associated with each proposed layout 

Layout 

Volume (million m
3
) 

Offshore Onshore Reclamation/fill Balance 

Rock 
dredging 

Sand 
dredging 

Ooze 
dredging 

Sand 
removal 

Rock 
cutting 

Saturated Unsaturated Saturated fill* Unsaturated fill
#
 

Common 
dredge 
area 

<0.1 19.5 9.7 NA NA NA NA NA NA 

0 0.5 2.6 0.7 0 0 7.6 8.4 5.0 7.9 

1 1.5 4.6 0.9 14.2 15.3 18.8 17.9 0.08 1.0 

1B 1.3 3.7 0.8 3.6 2.2 7.8 8.4 0.5 4.9 

2 6.0 8.6 2.3 0 0 0.8 1.6 -7.7 -4.4 

3 0.2 1.9 0.6 0 0 9.3 10.0 7.3 9.8 

4 1.8 5.5 1.1 3.6 2.2 7.0 6.9 -2.1 2.9 

SHIP 2.2 2.9 0.6 0.6 0.3 0.1 1.0 -3.3 -1.5 

*Difference between saturated fill requirement and offshore sand and onshore sand (negative values show an excess of material available) 
#
Difference between unsaturated fill requirements and offshore rock and onshore rock (negative values show an excess of material available) 
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4.3 Design Layout material balances 

The overall material balances associated with each design layout are summarized in Table 12. Layout 2 
produces the largest amount of ooze and sand waste but does produce significantly more rock that can be 
used as a high quality aggregate in layer and pavement works. The Shiplift Layout also produced large 
amounts of additional waste sands but one of the lowest ooze volumes.  

Although Layout 1 produced one of the lowest amounts of waste sand an extreme volume of 16.8 m
3
 amount of 

rock is produced by the large dig-out channel and it is unlikely that the design will be cost effective when 
compared to the other design layout costs.  

Of the remaining, similar layouts, Layout 3 is superior in ooze produced and waste sand created. This is 
primarily due to the lack of any onshore dig-out areas in this layout. Layout 0 is similar but due to the slightly 
smaller reclamation area/larger dredge area significantly larger amounts of waste sand remain. Layout 1B and 
Layout 4 both produce intermediate volumes of ooze, rock and waste sand. 

Table 12. Material volumes produced by each proposed design layout 

Layout 

Volume (million m
3
) 

Dredged 
ooze 

Stockpiled 
rock 

Reclamation sand 

Required after use of local dredged sand* Resultant waste sand 

0 0.7 0.5 13.4 6.1 

1 0.9 16.8 17.9 1.6 

1B 0.8 3.5 8.9 10.6 

2 2.3 6.0 -6.1 25.6 

3 0.6 0.2 17.4 1.1 

4 1.1 4.0 4.8 14.7 

SHIP 0.6 2.5 -2.3 21.8 

*Balance of sand obtained from additional dredging in each layout design and total reclamation volumes. Negative values indicate no sand 
from common dredge areas can be utilized. 

  



 

 

 

   
   
   

5 Conclusions and recommendations 
Based on these results the construction of reclamation areas over the existing sediment profiles is considered 
to be feasible. Due to the fact that significant amounts of dredging will be occurring in the adjacent tanker berth 
areas a cost analysis may indicate that dredging of the bulk dry berth reclamation zones ooze silt layers will not 
result in significant extra costs. This will however, not remove all consolidation settlements and will result in 
additional waste as the ooze is not suitable for reclamation works. It is therefore recommended that reclamation 
work be performed on the existing profiles without additional dredging and that this be performed as rapidly as 
possible to allow differential settlements to develop before placement of the overlying rigid paved layers. 
Reclamation works should be completed using a combination of the onshore sands and marine sands dredged 
from the entrance channel, common tanker berth areas and the dry bulk berth dredge areas. 

The variability in strength of the rock underlying the sands both onshore and offshore will result in dredging 
conditions varying from very easy to very difficult. The costs of rock dredging will therefore be orders of 
magnitude higher than the costs for sand dredging. It is therefore recommended that a design option with 
limited rock dredging be considered. Since the rock depth becomes shallower from west to east this would 
translate into a design where reclamation zones are extended offshore to allow berth areas to be dredged 
further west. 

Design Layout 1 significantly increases the risk of excessive differential settlements and will have significant 
costs associated with the large volume of rock excavation required in the dig-out channel which extends into 
areas where the rock depth is -6 to -10mCD. Compared to the other design layouts it is therefore considered to 
not be feasible from a geotechnical perspective. Although Layout 2 is expected to have limited differential 
settlements it produced the most waste sand and also requires high volumes of rock dredging. Layout 2 is 
therefore also not considered to be geotechnically feasible.  

The differential settlements associated with the remaining proposed layout designs are all similar and the 
geotechnical feasibility of each of these layouts can therefore only be distinguished from each other based on 
the volumes of waste material produced and rock dredging required by each. The Shiplift layout is therefore the 
least favourable due to the additional volume of sand waste it produces. Layouts 1B and 4 are considered to be 
equally feasible but Layout 3 and Layout 0 clearly stand out as the most feasible due to the excellent balance 
between dredging and reclamation volumes and the low rock dredging volumes. Layout 0 produces slightly 
more rock and more waste sand and therefore Layout 3 is the best layout from a geotechnical point of view. 
Layout 3 does however produce limited volumes of rock which will result in a need for aggregate importation for 
layer and pavement works. 

It is therefore concluded that, of the proposed layouts, Layout 3 is the most geotechnically suitable design. It 
may however be worth considering alternative design layouts that exploit the fact that the rock depth appears to 
remain below the -15mCD level in a direction south and south west of the tanker berth areas.   
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