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SSCCOOPPEE  
 
 
The CSIR has been subcontracted by SRK Consulting to undertake the Dredging and 
Disposal of Dredge Spoil Modelling specialist study for the Ben Schoeman Dock Berth 
Deepening Project.  The specialist study comprises a numerical modelling study to assess 
the potential transport and fate of dredged sediments and associated contaminants, the 
results of which will inform the Sediment Toxicology and Marine Ecology, the Visual 
Impact Assessment and Shoreline Stability specialist studies for the Environmental Impact 
Assessment of the proposed berth deepening project.   
 
This study addresses the relevant key issues identified during the scoping process. The 
following specific Terms of Reference apply to the study: 

·  Identify (in consultation with Transnet) likely dredging methods and options of 
transporting dredged material from the BSD to the marine disposal site; 

·  Estimate (in consultation with Transnet) the likely duration of dredging operations 
as well as seasonal and daily dredging schedules; and 

·  Locate and characterise a site at between 40m to 70m and 70m to 100m water 
depth that would be suitable for the disposal of dredge spoil using preliminary side 
scan and bathymetric survey techniques as well as sampling of sediments at the 
seabed. Report the findings in a preliminary report following the survey. 

·  Produce a model of the disposal of dredge material at the following disposal sites: 

a. Deep water (between 40m and 70m) dredge disposal; and 

b. Deep water (between 70m and 100m) dredge disposal; 

·  There has been an undertaking by Transnet to not dredge sediments exceeding 
London Convention prohibition levels.  The specialists study thus only needs to 
confirm that this is the case and that the sediment dredged are London Convention 
compliant. 

 
 
 
 

 
 
R van Ballegooyen 
Coastal Zone Decision Support Research Group           Stellenbosch, South Africa 
Natural Resources and the Environment CSIR December 2006
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EEXXEECCUUTTIIVVEE  SSUUMMMMAARRYY  
 
Introduction 

As part of a programme for improving the efficiency of the Port of Cape Town, the National 
Ports Authority of South Africa (NPA), a division of Transnet Limited (“Transnet”), 
proposes to undertake the following activities: 

·  Deepening of the Ben Schoeman dock that will include deepening the Ben 
Schoeman Dock basin from ~14m below Chart Datum (CD) to a maximum depth 
of ~ 15.5m below CD generating approximately 1 230 000 m3 of dredge material 
that will need to be disposed of either on land or to the marine environment; 

·  The proposed alteration to berths 601 to 604. 

 

Location of the Ben Schoeman Dock and berths in the Port of Ca pe Town 
 
 
Purpose of the study 
 
This Dredging and Disposal of Dredge Spoil Modelling specialist study comprises a 
modelling study to assess the potential transport and fate of sediments and associated 
contaminants.  The results of this modelling study are intended to inform the Sediment 
Toxicology and Marine Ecology, the Visual Impact Assessment and the Shoreline Stability 
specialist studies for the Environmental Impact Assessment of the proposed berth 
deepening project.  
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Characterisation of the material to be dredged 

The volume of material to be dredged and disposed of at sea is approximately 
1 230 000 m3  comprising approximately 77 % soft material (4 % gravel, 52 % sand and 
44 % mud), 16 % soft rock and 7 % hard rock.   
 
Most of trace metal concentrations in the surficial sediments to be dredged are fairly 
contaminated and lie within the “special care” category of the London Convention. Most of 
these exceedances are close to the lower end of the “special care” thresholds. The deeper 
sediments are less contaminated than the surficial sediments.  Based on the geotechnical 
cores, the contaminated surficial sediments are conservatively considered to comprise 
60% of the total sediments to be dredged, i.e. the upper 0.9 m of the sediment cores.  
Available literature suggests that the concentration of trace metals released from the 
sediments into the water column are limited and elutriation analyses undertaken as part of 
this study suggest that as little as 0.2% of the trace metal loads in the sediments are likely 
to enter the water column during dredging and dredge disposal activities.   
 
The total petroleum hydrocarbons (TPH)  and individual poly aromatic hydrocarbons 
(PAH) concentrations in the sediments are below accepted screening thresholds  
indicating minimal risks of adverse environmental effects from these compounds either in-
situ or at an offshore dredge disposal site. 
 
Description of Dredging Operations 
 
To retain flexibility in terms of utilisation of dredging equipment that may become 
available, this specialist study considers three dredging options: 

·  a combination of a cutter suction dredger and backhoe dredger; 

·  a combination of a trailing suction hopper dredger and backhoe dredger; 

·  an operation utilising one or more backhoe dredger(s). 
 
Description of the Environment 
 
Table Bay is a shallow bay with a surface area of approximately 100 km2 and depths 
reaching 35 m in the centre of the bay.  The seabed is mainly covered by thin layers of 
sand but has fairly extensive areas of exposed bedrock. 
 
The shoreline of Table Bay from Blouberg to Mouille Point comprises of 3 km of rocky 
shore (at Blouberg and at Mouille Point), approximately 13 km sandy beach (between 
Blouberg and Table Bay harbour) and 4 km of artificial shore protection and breakwaters 
comprising the Port of Cape Town.  Robben Island has a total shoreline of 9 km, of which 
some 91% is rocky. 
 
Water movement within the bay is primarily wind-driven, experiencing minor effects from 
shelf currents further offshore and with waves and swell playing an influential role in 
driving currents in the nearshore. Water movement is further influenced by tides although 
the forcing of this nature is considered minor.  In summer wind is from a predominantly 
south-easterly direction resulting in currents that tend to flow northwards that result in an 
anti-clockwise motion in the bay. Conversely, in winter winds from a north/north-westerly 
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sector predominate and drive water towards the south producing a slight clockwise motion 
in the bay.  During summer upwelling cold water (9 - 13°C) invades Table Bay from the 
Oudekraal upwelling centre, south of Table Bay, resulting in generally shoreward bottom 
flows. Temperatures can increase rapidly to >20°C during relaxation phases of the 
upwelling cycle as water flows into Table Bay from the north and north west.  Upwelling 
and solar heating in summer leads to a highly stratified water column during summer while 
in winter the water column is largely well-mixed. 
 
Important Marine Ecosystems and existing Beneficial Uses  of the region 
 
Important components of the marine ecosystem in the bay are the habitats within the bay, 
the benthos, the Table Bay pelagic communities, the Table Bay harbour communities, 
seabirds and marine mammals. 
 
Important resources and recreational fisheries in Table Bay include: 

·  Three important commercial fishing zones of abalone; 

·  White mussel (D. Serra) that are harvested recreationally for bait and human 
consumption; 

·  Commercial line fisheries for hottentot, snoek and other species including long fin 
tuna, chub mackerel and chokka. 

 
In terms of biogeography and unique biodiversity resources, the rocky shore and sandy 
beach communities (with the exception of dense white mussel beds at Bloubergstrand), 
the benthic communities and the pelagic fish and marine mammals occurring in Table Bay 
are typical of the West Coast and not unique to Table Bay.  Table Bay therefore cannot be 
classified as a locally, regionally or internationally important biodiversity resource.  The 
only strong exception to the above statement are the seabirds of the area (especially the 
African penguin and the Bank cormorant whose population size, endemism and 
conservation classification make these seabirds significant biodiversity resources). 
 
Existing beneficial uses in Table Bay include: 

·  Marine Protected and Conservation Areas (i.e. the Table Bay rock lobster 
sanctuary, the Table Mountain National Park Marine Protected Area and Robben 
Island that is a provincial nature reserve with no formal marine protected area, 
however the sea area encompassed within a 1 nautical mile radius of Robben 
Island can be considered to be environmentally sensitive because of its 
conservation importance to African penguins and Bank cormorants; 

·  Marine outfalls (Green Point pipeline and Chevron/Caltex pipeline); 

·  Used an disused sea cables with landfalls at Milnerton and Melkbosstrand and 
from Granger Bay and Murrays Harbour and the Port of Cape Town; 

·  Vessel navigation and anchorages; 

·  Recreational activities (surfing, sailing, kite-surfing, swimming, fishing, etc). 

·  Tourism (e.g. Victoria and Alfred waterfront) 

The most important and sensitive beneficial use potentially impacted upon is the seawater 
intake of the Two Oceans Aquarium that is located in the Victoria and Alfred Basin. 
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Environmental guidelines 
 
The environmental and water quality guidelines used in this study are: 

·   the South African Water Quality guidelines for the Natural Environment (DWAF, 
1995a,b) that are applied everywhere as a conservative guideline; 

·  the Australian and New Zealand water quality guidelines (ANZECC, 2000) for a 
moderately disturbed or polluted system (protection of 80% of species with a 95% 
certainty) that are assumed to apply in the harbour; 

·  water quality guidelines for suspended sediment concentrations in the water 
column for dredging activities relevant to the West Coast of southern Africa 
(EMBECON, 2004) as well as guidelines considered to be of specific relevance to 
the ecologically sensitive areas of Table Bay (Steffani et al., 2003); 

·  the Benguela Large Marine Ecosystem proposed guidelines (Taljaard, 2006) for 
trace metal concentrations in the sediments; 

·  London Convention screening “special care” and “prohibition” thresholds for trace 
metal concentrations in the sediments. 

 

Dredge disposal Site Selection and Characterisation 
 
The dredge disposal site has been selected to achieve a balance between acceptable 
environmental risk, technical risks and project risks (commercial viability, project timelines, 
etc) and consequently include consideration of: 

·  Legal requirements for disposal (i.e. compliance with London Convention dredge 
disposal site selection criteria); 

·  Potential environmental impacts (i.e. protection of ecosystems and existing 
beneficial uses); 

·  Economic and operational feasibility. 
 

Specifically the site has been chosen to: 

·  Ensure minimum ecological sensitivity of the site (achieved by selecting a site 
where the seabed composition is similar to the dredge material to be disposed of 
and the dredge material is either retained in a discrete area (if of different 
composition to the receiving environment) or allowed to disperse to facilitate 
habitat recovery; 

·  Ensure minimum impact on adjacent ecologically sensitive areas and/or beneficial 
uses by ensuring that the site is sufficiently distant from such sites for the 
prevailing environmental conditions that determine the transport and fate of 
sediments and contaminants; 

·  Ensure that the water depths at the selected sites are such that they allow for a 
large degree of containment at the site or, if desired, wider dispersal of the dredge 
spoil to facilitate habitat recovery at the site and to minimise impacts associated 
with  concentrations of contaminated sediments; 
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·  The project should be within “economical” sailing distance of the dredge area and 
be compatible with technical and project feasibility considerations such as 
available dredging equipment and the need to ensure that project timelines are not 
unduly compromised, etc. 

·  Ensure that there are minimal constraints (e.g. technical feasibility and costs) to 
characterising the proposed dredge disposal sites and subsequent monitoring of 
potential dredge and dumping impacts. 

 
The two sites selected (see Figure below) are a site in a 65 to 70 m water depth (site 1) 
and alternative site in an approximate 40 m water depth (site 2) both of which are 
approximately 6 km2 in extent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The selected sites can be characterised as follows: 

·  Bottom sediments at both sites are dominated by sand (mostly fine sand) with 
limited muds (Site 1) or almost none at all (Site 2); 

·  the bottom sediments are uncontaminated; 

·  in terms of their benthos distributions  

-  Site 1 displays a higher biomass and biomass richness, evenness and diversity 
of benthos than Site 2 that has a generally lower biomass and increased 
heterogeneity in benthic macrofaunal community structure representing the 
higher heterogeneity of habitats within Site 2; 

-  Both sites display taxon/abundance relationships indicating no pollution effects. 

 

������� �
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Transport and fate of sediment and contaminants in the marine e nvironment 
 
The transport and fate of sediments and contaminants in the marine environment were 
simulated using the Delft3D suite of software comprising the SWAN wave model and the 
three dimensional Delft3D on-line SED morphological model.  These models, between 
them, include all of the important wave-driven and wind-driven processes determining the 
transport and fate of sediments and selected contaminants.  These models have been 
calibrated against existing measured wave and current data in Table Bay. 
 
An initial total of six model scenarios of three months duration (encompassing the 
dredging operations) in summer, were simulated based on a combination of the three 
proposed dredging operations and the two proposed dredge disposal sites.   However 
these initial summer simulations suggested that the simulation of only summer scenarios 
may not be conservative for all potential impacts (e.g. potential turbidity impacts on the 
Table Mountain National Park Marine Protected Area that is likely to suffer increased 
impacts in winter due to the potentially increased sediment movement due to the higher 
wave occurring during winter combined with the southerly flows out of Table Bay 
associated with the north-westerly winds that are most common during winter).   
 
Consequently additional simulations (scenarios 7 and 8) were undertaken for the CSD and 
backhoe dredging operations (that are indicated in the summer simulations to have the 
greatest likelihood of impact on the Table Mountain National Park Marine Protected Area) 
to identify whether the winter scenario simulations  indicate an increased likelihood of 
potential impacts on the Table Mountain National Park Marine Protected Area compared 
to the summer scenarios simulated. 
 
 The scenarios are summarised in the table below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Environmental Impact Assessment 
 
The model results have been analysed and reported mostly as cumulative days of 
exceedance of the relevant water quality and sediment quality guidelines.  This is used as 
the main measure or indicator of potential environmental impact in the marine 
environment. 

Scenario 
ID 

Nature of Dredging 
Operation 

Dredge 
disposal Site 

Season 

1 CSD and Backhoe Site 1 summer 

2 CSD and Backhoe Site 2 summer 

3 TSHD and Backhoe Site 1 summer 

4 TSHD and Backhoe Site 2 summer 

5 Backhoe(s) only Site 1 summer 

6 Backhoe(s) only Site 2 summer 

7 CSD and Backhoe Site 1 winter 

8 CSD and Backhoe Site 2 winter 
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The potential environmental impacts assessed in this manner are: 

·  Visual impacts; 

·  Ecological impacts associated with elevated water column turbidity; 

·  Ecological impacts associated with the distribution of contaminated sediments and 
smothering effects; 

·  Maximum change in the sediment thickness at the dredge disposal site that could 
have  shoreline stability effects; 

·  Toxicity effects of contaminants released from the sediments; 

·  Potential impacts of elevated suspended sediment concentrations entering the Salt 
River estuary and the Diep River estuary (that implicitly includes potential impacts 
on the Milnerton Lagoon and Rietvlei); 

·  Sedimentation of previously dredged area and navigational channels. 
 
Only the visual impacts, the sedimentation of previously dredged areas and navigation 
channels and interference of dredging operations with existing shipping traffic are 
assessed in this report.  All other impacts are reported in other specialist reports (i.e. the 
Sediment Toxicology and Marine Ecology, the Visual Impact Assessment and the 
Shoreline Stability specialist studies). 
 
The potential environmental impacts assessed in this study are summarised below. 
 
Impact Description Extent Intensity Duration Consequence Probability Significance Status Confidence

Impact: Visual – eastern 
shoreline of Table Bay 

Local 
1 

Low 
1 

Short-term 
1 

Very Low 
3 

Probable VERY LOW -ve 
Medium to 

high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Probable VERY LOW -ve 

Medium to 
high 

Impact: Visual around 
Robben Island 

Local 
1 

Low 
1 

Short-term 
1 

Very Low 
3 

Probable VERY LOW -ve 
Medium to 

high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Probable VERY LOW -ve 

Medium to 
high 

Impact: Visual from 
vantage points 

Local 
1 

Low 
1 

Short-term 
1 

Very Low 
3 

Probable VERY LOW -ve 
Medium to 

high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Probable VERY LOW -ve 

Medium to 
high 

Impact: Visual at 
dumping site 

Local 
1 

Low 
1 

Short-term 
1 

Very Low 
3 

Probable VERY LOW -ve 
Medium to 

high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Probable VERY LOW -ve 

Medium to 
high 

Impact: Sedimentation 
of existing dredged 
areas and navigation 
channels 

Local 
1 

Medium 
2 

Medium-
term 

2 

Low 
5 

Probable LOW -ve 
Low to 
medium 

With mitigation 
Local 

1 
Medium 

2 

Medium-
term 

2 

Low 
5 

Probable LOW -ve 
Low to 
medium 

Impact: Interference 
with existing shipping 
traffic 

Local 
1 

Low 
1 

Short-term 
1 

Very Low 
3 

Definite VERY  LOW -ve High 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Definite VERY  LOW -ve High 
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Assumptions and limitations of the modelling study 
 
The assumptions and limitations of the study are as follows: 

·  The potential impacts are significantly influenced by the dredge project description 
and thus are relevant only to the range of technologies and dredging operations 
provided by Transnet for assessment in this specialist study; 

·  It is assumed that the requirement to spread the dredge spoil more or less evenly 
over the site can be met.  (To avoid creating dump mounds of a height significantly 
greater than the expected average sediment depth over the dump-site, each 
successive dump or grouping of daily dumps will be such that the sediment is more 
or less evenly distributed over the dredge disposal site.  The aim is to spread the 
material evenly by the end of dredging.)  If this does not occur, the sediment 
thicknesses indicated by the modelling will be exceeded locally.  The relevance of 
this is greatest for the shallow dredge disposal site (Site 2) and is addressed in 
greater detail in the Shoreline Stability specialist study (Smith, 2006); 

·  There exists considerable uncertainty in the model parameters such as critical 
shear stress of deposition, critical shear stress of erosion and re-suspension rates  
of sediments at the seabed. (We have constrained these uncertainties by 
appropriate review of the literature where effects of sand/mud mixtures, cohesive 
behaviour, etc have been considered.  Model sensitivity tests have indicated that 
the model results are sensitive to changes in the combination of sediment transport 
parameterisations used in the modelling study.  The model parameters used, 
however, are the best available and are expected to provide sufficiently robust 
results for the purposes of this study.); 

·  The potential impacts associated with contaminated sediments are sensitive to the 
assumed percentage of the trace metal load in the dredged sediments that enter 
the water column during dredging and dredge disposal activities (i.e. assumed 
remobilisation factors for trace metals). Should this percentage be significantly 
higher than assumed here (e.g. 1 to 2% of the total trace metal load in the 
sediments) it is likely that the conclusions in terms of potential impacts could 
change and possibly be of concern in and around the harbour and at the Two 
Oceans Aquarium intake.  While the remobilisation factors are based on a limited 
number of elutriation analyses (see Appendix A) that compare well with those 
inferable from other studies on contaminated sediments (e.g. Pennekamp et al., 
1996; Guevara-Riba et al., 2004), it may be prudent to undertake additional (i.e. 
more comprehensive sampling) elutriation analyses of the sediments targeted to 
be dredged prior to dredging; 

·  The limitations on model resolution places limitations on the ability to assess very 
near-field effects.  In general the model results are robust beyond a 200 m to 500 
m radius in the offshore and an approximate 100 m to 150 m radius in the port.  
Within these radii, the suspended sediment and tracer contamination effects may 
be greater than indicated by the modelling.  This limitation is typical of such 
modelling studies and is best resolved by referring to literature on the impacts in 
the immediate vicinity of dredging and dumping operations for the various 
technologies proposed or, more conservatively, by treating such a small zone in 
the immediate vicinity of the dredging and dumping operations are being a 
temporary “sacrificial zone”;  
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·  The backhoe only dredge operation simulations are deemed to provide a 
conservative outcome in terms of the thickness of sediments at the dredge 
disposal site and the area surrounding it once scaled up by a factor of 68/13 to 
allow for the full dredging and dredge disposal duration.  However this is not 
necessarily the case for the distribution of contaminated sediments around and 
away from the site, where the results for the backhoe only dredging option is 
possibly less conservative than reality due to the reasons stated above.  Similarly 
the sediment plumes and water column turbidity may be less conservative than 
reality, as not all of the sediments to be dredged from the Ben Schoeman Dock will 
have been placed in the marine environment over the shorter 13 week simulation 
period.  The results therefore are deemed sufficiently quantitative to rank the 
impacts associated with the various dredge operations (i.e. backhoe operations 
generally result in lower impacts than the other high-rate dredge operations), but 
not sufficiently quantitative to use the simulations to determine the absolute 
impacts associated with the backhoe only dredge operations over the full 68 week 
period. 

·  In general where there has been uncertainty, conservative assumptions have been 
made.  The assumption of the shortest duration possible for dredging operations is 
possibly the most conservative of these assumptions.   

 
Conclusions and recommendations 
 
While the exact nature of the relevant impacts are assessed and reported in related 
marine specialist studies of this EIA, the conclusion of this study is, in terms of minimising 
potential environmental impacts, that dredge disposal at the deeper site is preferred.  In 
general, the deeper the dredge disposal site the less the likely environmental impacts in 
Table Bay. 
 

Recommendations of this study are: 

·  Given the differences in the impacts associated with the various dredge scenarios 
and technologies, that the potential environmental impacts be re-assessed should 
the dredge technology, nature of operations and durations be significantly different 
to those assessed within this specialist study.  It should be noted that this study 
has consistently considered the “worst case” scenario for each of the dredge 
technologies considered; 

·  That the results of this study be used to inform monitoring requirements and 
specifically the Environmental Management Plan associated with dredging 
activities; 

·  That, if possible, a beneficial use be found for the rock that is to be removed from 
the port; 

·  Special care will be required to ensure that the sediment is more or less evenly 
distributed over the dredge disposal site by the end of dredging and to minimise 
the occurrence of localised “mounds”.  This requirement is particularly relevant to 
the shallow dredge disposal site (Site 2).  This requirement should be specified in 
the dredge tender documents. 
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·  That mitigation measures such as silt screens be investigated, however the 
efficacy and practicality of these methods in a working harbour are debatable.  It 
may be preferable that the Environmental Monitoring Plan and Dredge Tender 
documents include specifications as the turbidity levels not to be exceeded as the 
entrance/exit to the Ben Schoeman Dock during dredging operations.  The 
recommended levels are likely to range from 80 to 100 mg/l but will need both to 
be reasonable and at sufficiently conservative levels to mitigate specific predicted 
environmental impacts.  It is best that it be left up to the dredge operators to select 
appropriate mitigation measures to meet these specifications rather than specify 
these a priori in the Environmental Monitoring Plan. 

·  It is deemed prudent to confirm the assumed percentage of the trace metal load in 
the dredged sediments that enter the water column during dredging and dredge 
disposal activities (i.e. assumed remobilisation factors for trace metals) with 
additional elutriation analyses of the sediments targeted to be dredged prior to 
dredging; 

·  An appropriate environmental baseline for the potential impacts from dredging 
operations (e.g. water quality at the Two Oceans intake) needs to be obtained.  
Specifically it is recommended that a baseline be obtained for “indicator” trace 
metals (copper and zinc) and suspended sediments (and possibly the nutrient, 
particularly ammonium levels) and that these quantities be appropriately monitored 
at the Two Ocean Aquarium during the dredging operations. 

·  That the opportunity of the proposed dredging operation be utilised to undertake 
the field measurements necessary to better constrain uncertainties in the model 
predictions and ecological assessments.  Specifically , the survey data gained on 
the candidate dump sites in this study needs to be utilised in tracking changes 
associated with dredge spoil dumping over a realistic time span to show rates of 
benthos recovery and provide information on dumped dredge spoil behaviour. 
Opportunities for this have not been created in the past and the baseline data set 
will be an invaluable tool in understanding the effects and implications of the 
marine disposal of dredge spoil on South Africa's inner continental shelf. 
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GGLLOOSSSSAARRYY  
 
Acute toxicity: Rapid adverse effect (e.g. death) caused by a substance in a living 

organism. Can be used to define either the exposure or the response 
to an exposure (effect). 

Annex I substances; Annex I substances are defined in the London Convention to include 
organohalogen compounds, mercury and mercury compounds, 
cadmium and cadmium compounds, persistent plastic or similar 
synthetic compounds, crude oil and associated wastes, radioactive 
wastes, material for biological and chemical warfare.  Of relevance 
here are the trace metals, mercury and cadmium. The London 
Convention prohibits the dumping of wastes or other matter listed in 
Annex I. 

Annex II substances: Annex II substances include wastes containing significant amounts of 
arsenic, beryllium, chromium, copper, lead, nickel, vanadium, zinc and 
compounds of these metals, organosilicon compounds, cyanides, 
fluorides, pesticides and their by-products and any other material, 
though of a non-toxic nature, that may become harmful due to the 
quantities in which they are dumped. The dumping of wastes or other 
material listed in Annex II requires a prior special permit from the 
relevant national authority. 

Anoxia: The absence or near absence of oxygen, i.e. < 0.1 ml O2/l 

Anthropogenic: Caused by human activity. 

ANZECC The Australian and New Zealand Environment and Conservation 
Council under whose auspices the Australian and New Zealand water 
quality guidelines for Fresh and Marine Water Quality (referred to in 
this report as the ANZECC water quality guidelines) were developed.  

Bathymetry:  The sea bed “topography” derived from measurements of depths of 
water in oceans, seas, and lakes. 

Bay:  A recess in the shore or an inlet of sea between two capes or 
headlands, not as large as a gulf but larger than a cove.  

BCLME : Benguela Current Large Marine Ecosystem 

Benthic: Referring to organisms living in or on the sediments of aquatic habitats 
(lakes, rivers, ponds, etc.). 

Benthos: The sum total of organisms living in, or on, the sediments of aquatic 
habitats. 

Beach:  The zone of unconsolidated material that extends landward from the 
low water line to the place where there is marked change in material or 
physiographic form, or to the line of permanent vegetation (usually the 
effective limit of storm waters).  The seaward limit of a beach – unless 
otherwise specified – is the mean low water line.   

Bioavailable: Able to enter an organism through its cells, skin, gills or gut and 
thereby cause an impact. In contrast, contaminants which are not bio-
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available may, for example, form part of the insoluble crystalline matrix 
of a mineral and will not impact organisms. 

Biodiversity: The variety of life forms, including the plants, animals and micro-
organisms, the genes they contain and the ecosystems and ecological 
processes of which they are a part. 

Biota: The sum total of the living organisms of any designated area. 

BSD: Ben Schoeman Dock  

CMS: Centre for Marine Studies, University of Cape Town 

Community structure: All the types of taxa present in a community and their relative 
abundance. 

Community: An assemblage of organisms characterized by a distinctive 
combination of species occupying a common environment and 
interacting with one another 

Contaminant: Biological (e.g. bacterial and viral pathogens) and chemical 
introductions capable of producing an adverse response (effect) in a 
biological system, seriously injuring structure or function or producing 
death. 

DEAT/MCM: Marine and Coastal Management Directorate, Department of 
Environmental Affairs and Tourism 

Diffraction:  (of water waves).  The phenomenon by which energy is transmitted 
laterally along a wave crest.  When a part of a train of waves is 
interrupted by a barrier, such as a breakwater, the effect of diffraction 
is manifested by propagation of waves into the sheltered region within 
the barrier’s geometric shadow. 

Direction Notation: Wind and Wave Direction Notation  

 Both wind and wave directions indicate the direction from which the 
wind blows or the waves come, e.g. SSW = winds/waves originating 
from a south-south-westerly direction. 

 Current Direction Notation 

 Current directions indicate the direction towards which the current 
flows. 

Effluent: A complex waste material (e.g. liquid industrial discharge or sewage) 
that may be discharged into the environment. 

EIA: Environmental Impact Assessment 

Elutriation analyses:  Procedure for estimating the concentration of contaminants that could 
be released from sediments during dredging activities or sea dumping. 

Endemic: Biological species or taxon restricted to a particular geographic area. 

Guideline trigger values:  Concentrations (or loads) of the key performance indicators measured 
for the ecosystem, below which there exists a low risk that adverse 
biological (ecological) effects will occur. They indicate a risk of impact 
if exceeded and should ‘trigger’ some action, either further ecosystem 
specific investigations or implementation of management/remedial 
actions. 
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Habitat: The place where a population (e.g. animal, plant, micro-organism) lives 
and its surroundings, both living and non-living. 

Hopper: Tank on a dredger that receives and contains dredge spoil. 

Hopper overwash: The practice of allowing low concentration sediment slurry to flow 
overboard allowing the build up of more concentrated slurries in the 
hopper. 

Hypoxia Low oxygen levels in the water column and/or sediments, i.e. 
< 2ml O2/l 

IUCN: International Union for Conservation of Nature and Natural Resources. 

Lean Mixture overboard: Lean Mixture Overboard systems typically are used at the beginning 
and end of a dredge cycle when the majority of the material entering 
the hopper will be water with a small amount of fine material. At these 
times the majority of the material entering the hopper will be water with 
small amounts of fine sediments, which is discharged to the sea via an 
overflow system. 

Lithogenic: Having its origin in the lithosphere, i.e. of natural origin rather than 
from the influence of human activities. 

Longshore: Parallel to and near the shoreline (same as “alongshore”). 

Longshore current:   The littoral current in the breaker zone moving essentially parallel to 
the shore, usually generated by waves breaking at an angle to the 
shoreline. 

Macrofauna: Animals >1 mm. 

MDS: Multi-dimensional scaling; a statistical technique showing relationships 
between objects with attributes 

MGU:  Marine Geoscience Unit 

MPA: Marine protected area. 

NPA: National Ports Authority 

PAH: Polycyclic Aromatic Hydrocarbon. 

Peak wave period (T p): Defined as the wave period that corresponds to the wave period (or 
frequency) with the maximum wave energy as derived from the 
spectral wave energy distribution, commonly referred to as the wave 
spectrum.  

PEL: Probable Effect Level (see description of “Water Quality Screening 
Thresholds” in this glossary) 

Pollution:  The introduction of unwanted components into waters, air or soil, 
usually as result of human activity; e.g. hot water in rivers, sewage in 
the sea, oil on land. 

Population: Population is defined as the total number of individuals of a species or 
taxon. 



 Ben Schoeman Dock Berth Deepening Project: Dredging and Disposal of Dredge Spoil Modelling Study  

 

xxi 

Pore water: The water in the interstices of sediment particles in unconsolidated 
sediments such as sands and mud. 

Prohibition category These constitute substances at concentrations exceeding a level 
(Prohibition Level) that will cause significant deleterious biological 
responses.  These materials may not be dumped unless made 
acceptable for dumping through the use of management techniques or 
processes that could include treatment, such as separation of 
contaminated fractions and disposal management techniques such as 
placement on or burial in the sea floor followed by clean sediment 
capping, utilization of geo-chemical interactions and transformations of 
substances in dredged material when combined with sea water or 
bottom sediment, selection of special sites such as abiotic zones, or 
methods of containing dredged material in a stable manner. 

Rainbowing: A way of discharging a dredger by pumping the load over the bow 
through a spraying nozzle. The spray looks like a rainbow, hence the 
name 

Redox status: Reduction-oxidation status - Oxidation and reduction, complementary 
chemical reactions characterized by the loss or gain, respectively, of 
one or more electrons by an atom or molecule. Originally the term 
oxidation was used to refer to a reaction in which oxygen combined 
with an element or compound, e.g., the reaction of magnesium with 
oxygen to form magnesium oxide or the combination of carbon 
monoxide with oxygen to form carbon dioxide. Similarly, reduction 
referred to a decrease in the amount of oxygen in a substance or its 
complete removal, e.g., the reaction of cupric oxide and hydrogen to 
form copper and water. 

Refraction:  (of water waves).  The process by which the direction of a wave 
moving in shallow water at an angle to the contours is changed:  The 
part of the wave advancing in shallower water moves more slowly than 
that part still advancing in deeper water, causing the wave crest to 
tend towards alignment with the underwater bathymetry contours.  

SAMSA: South African Maritime Safety Authority 

Sediment:  Unconsolidated mineral and organic particulate material that settles to 
the bottom of aquatic environment. 

Significant wave height (H mo) 

 The significant wave height is determined from the zeroth moment of 
the wave energy spectrum. The moments of the spectrum, mn, are 
determined as follows: 

�=
2

1

)(
f

f

n
n dffSfm  

 where 
   mn =  the nth moment of the spectrum defined by S(f) 
   f =  wave frequency (Hz) 
   f1, f2  =  the spectral low and high frequency limits 
   S(f) =  wave spectral density (m2/Hz) 

 The significant wave height (H mo) is calculated from the zero th 
moment 

omo mH 4=  
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South African Water Quality guidelines 

 This refers to the South African water quality guidelines for the coastal 
and marine waters (DWAF 1995a,b) 

Special Care category: These constitute substances at concentrations lying above a lower 
limit below which there are little environmental concerns and below an 
upper limit that avoids acute or chronic effects on human health or on 
sensitive marine organisms representative of the marine ecosystem.  
Dredge material in the Special Care require a more detailed 
assessment before their suitability for dumping can be determined.  

Species  A group of organisms that resemble each other to a greater :degree 
than members of other groups and that form a reproductively isolated 
group that will not produce viable offspring if bred with members of 
another group. 

Surficial sediments: Those sediments on the seabed located at the seawater - seabed 
interface. 

Suspended material: Total mass of material suspended in a given volume of water, 
measured in mg/l. 

Suspended matter: Suspended material. 

Suspended sediment: Unconsolidated mineral and organic particulate material that is 
suspended in a given volume of water, measured in mg/l. 

Surficial The surface layers of, e.g., sediments 

Taxon (Taxa)  Any group of organisms considered to be sufficiently distinct from other 
such groups to be treated as a separate unit (e.g. species, genera, 
families). 

TEL: Threshold effect level (see description of “Water Quality Screening 
Thresholds” in this glossary). 

Thermocline a vertical gradient in sea water temperature that has a significant 
impact on vertical mixing of the water column and the vertical shear in 
currents in the ocean. 

Toxicity:  The inherent potential or capacity of a material to cause adverse 
effects in a living organism. 

TPH: Total Petroleum Hydrocarbons. 

Turbidity: Measure of the light-scattering properties of a volume of water, usually 
measured in nephelometric turbidity units. 

 
Upwelling: The process of transporting deeper, usually colder water to or towards 

the sea surface. 

Vulnerable: A taxon is vulnerable when it is not Critically Endangered or 
Endangered but is facing a high risk of extinction in the wild in the 
medium-term. 
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Water Quality Screening Thresholds: 

The terminology of Threshold Effect Level (TEL) and Probable Effect Level (PEL )is taken from 
MacDonald et al. (1996). TEL and PEL  guideline values provide a scientifically defensible basis for 
assessing the quality of soft sediments in marine and estuarine environments (Long and 
MacDonald, 1998).  TEL and PEL  are calculated from effect and no effect data and are defined as 
follows: 

    TEL:   represents a threshold value below which in situ adverse biological 
effects are considered unlikely (i.e. represents no significant hazard to 
aquatic organisms).  TEL is calculated as the square root of the 
product of the lower 15th percentile of the effect data and the 50th 
percentile of the no-effect data, 

    PEL:  represents a threshold above which in situ adverse biological effects 
are probable (i.e. a threshold value above which adverse biological 
affects usually or always occur).  PEL is calculated as the square root 
of the product of the lower 50th percentile of the effect data and the 
85th percentile of the no-effect data. 

 

 

 

 

 

 

 

 

 

 

Wave period:  (1) The time required for two successive wave crests to pass a fixed 
point. (2) The time, in seconds, required for a wave crest to traverse a 
distance equal to one wave length. 
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1. Introduction 
 
1.1 Background 

As part of a programme for improving the efficiency of the Port of Cape Town, the National 
Ports Authority of South Africa (NPA), a division of Transnet Limited (“Transnet”), 
proposes to undertake the following activities: 

·  Deepening of the Ben Schoeman dock (BSD); and 

·  Conduct alterations to berths 601, 602, 603 and 604. 

These alterations are necessary to accommodate larger container vessels that have a 
greater draught (i.e. require a greater basin depth) and beam (i.e. width). In terms of the 
Environmental Impact Assessment (EIA) Regulations promulgated under section 21 of the 
Environment Conservation Act (Act No. 73 of 1989), the proposed activities are listed and 
therefore require environmental authorisation from the relevant authority prior to 
commencement (SRK, 2006).  The proposed activity requiring authorisation will include 
the following aspects: 

·  Deepening of the Ben Schoeman Dock within the Port of Cape Town to 
accommodate larger vessels; and 

·  Conducting alterations to berths 601, 602, 603 and 604 of the Ben Schoeman 
Dock. 

 

 

Figure 1.1: Location of the Ben Schoeman Dock and berths in the Po rt of Cape 
Town (after SRK, 2006). 
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The proposed deepening of the Ben Schoeman Dock would include: 

·  Deepening the basin from ~14m below Chart Datum (CD) to a maximum depth of 
~ 15.5m below CD. The berths would be deepened in a sequential manner to 
immobilise only one berth at the time. Approximately 1,230,000 m3 of material will 
be dredged; 

·  Removal of “hard material”, constituting less than 10% of the total volume to be 
dredged, by means of multiple small parcel blasting; and 

·  Disposal of the dredged material at a suitable marine disposal site. 
 
The proposed alteration to berths 601 to 604 would include: 

·  Constructing a concrete suspended deck quay structure supported on tubular steel 
piles extending approximately 10m beyond the existing quay face (into the basin) 
at each of the four berths; and 

·  Constructing a single crane rail at a distance of 30m from the existing landside 
crane rail on the existing quay to enable the use of new super post panamax 
container gantry cranes. 

 
The CSIR has been contracted to assess the potential environmental impacts in the 
marine environment associated with the above project.  
 
 

1.2 Terms of Reference and Scope of Work 

This Dredging and Disposal of Dredge Spoil Modelling specialist study comprises a 
modelling study to assess the potential transport and fate of sediments and associated 
contaminants.  The results of this modelling study will inform the Sediment Toxicology and 
Marine Ecology specialist study, the Visual Impact Assessment specialist opinion and to a 
lesser extent the Shoreline Dynamics specialist study.   
 
The key issues identified during the scoping process that require further investigation are 
listed in Table 1.1 below.  These need to be addressed in this “Dredging and Disposal of 
Dredge Spoil Modelling” specialist study. 
 
The following specific Terms of Reference apply to the study: 

-  Identify (in consultation with Transnet) likely dredging methods and options of 
transporting dredged material from the Ben Schoeman Dock to the marine 
disposal site; 

-  Estimate (in consultation with Transnet) the likely duration of dredging 
operations as well as seasonal and daily dredging schedules; and 

-  Locate and characterise a site at between 40m to 70m and 70m to 100m of 
depth, respectively,  that would be suitable for the disposal of dredge spoil 
using preliminary side scan and bathymetric survey techniques as well as 
sampling of sediment. Report the findings in a preliminary report following the 
survey. 
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-  Produce a model of the disposal of dredge material at the following disposal 
sites: 

a. Deep water (between 40m and 70m) dredge disposal; and 

b. Deep water (between 70m and 100m) dredge disposal; 

-  There has been an undertaking by Transnet to not dredge sediments 
exceeding London Convention prohibition levels.  The specialists study thus 
only needs to confirm that this is the case and that the sediment dredged are 
London Convention compliant. 

 

Table 1.1: Key issues identified during the scoping process   

KEY ISSUES 

 
·  Identification of dredging method and  transport of dredged material from the BSD to the marine 

disposal site; 
·  Duration of dredging operations for proposed activities; seasonal and daily dredging schedule; 
·  Due to the inclusion of a deeper dredge spoil disposal option at between 70m and 100m, a suitable site 

needs to be located and  characterised for both 40m to 70m and 70m to 100m depths; 
·  Identification and assessment of impacts for alternative marine dredge disposal locations. Options to be 

assessed in the EIA have been narrowed to two deepwater sites (between 40m and 70m and between 
70m and 100m); 

·  Uncertainty regarding the frequency with which turbidity thresholds (for marine ecology) are exceeded at 
disposal site(s) in Table Bay and implications for the construction programme (i.e. would construction 
have to stop for these periods); 

·  Implications of dredge disposal to a deep water anoxic environment; 
·  Concerns regarding the disposal of the non London Convention compliant portion of the spoil material to 

a suitable land-based waste facility and the associated transport and processing requirements (e.g. 
dewatering of the spoil etc); 

·  Identification of a suitable hazardous waste facility with available capacity. 
Note: Preliminary assessment undertaken shows that the dredged spoil is London Convention compliant 
and therefore land-based disposal is not required. However, this compliance will have to be 
substantiated during the EIA process. 

 
MCM will be consulted on the identification of suitable dredge disposal sites in Table Bay and permitting 
procedures. 
 

 
 

1.3 Structure of the report 

The report provides a concise description of the project (Section 2) followed by a brief 
description of the environment both in terms of physical and biogeochemical 
processes and important marine ecosystems and beneficial uses in the region of 
interest (Section 3).  Specific environmental guidelines are then proposed (Section 4) 
to be used as the basis of interpreting the results of the modelling study.  The dredge 
disposal site selection and characterisation is described in section 5, followed by the 
detail of the modelling study (Section 6) to assess potential environmental impacts 
(Section 7).  Specific conclusions and recommendations flowing from the impacts 
assessment are provided in Section 8. 
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2. Project Description 
 
The project description, the description of dredging activities and the characteristics of the 
material to be dredged are described below. 
 

2.1 General 

Essential components of the project description are: 

·  the spatial extent of the dredging and an assessment of the quantities of sediments 
to be dredged and disposed of at the offshore disposal site; 

·  dredge material characterisation (i.e. quantity and physical and biogeochemical 
characteristics of the material to be dredged); 

·  a description of the proposed dredging operations that includes: 

-  the most likely dredge technology to be used; 

-  the associated nature and duration of dredging operations; 

-  the most likely loads of sediments and contaminants entering the marine 
environment under each of the dredging operations. 

 

2.2 Spatial Extent of the dredging: 

Ben Schoeman Dock in the Port of Cape Town is scheduled to be deepened from its 
current depth range of approximately 10 – 14 m below chart datum (CD) to -15.5 m CD to 
accommodate the new generation of larger container ships.   This will include the dredging 
of a scour trench to -17.0 m CD alongside the proposed new berths. 
 
The spatial extent of the proposed dredging is as indicated in Figure 2.1 below.  It is 
proposed that the deepening of the Ben Schoeman Dock will entail the removal by 
dredging of ~ 1 230 000 m3 of material.  A small fraction of this (< 10%) will be rock that 
may have to be fractured by multiple small parcel blasting prior to excavation. For the 
purpose the EIA specialist studies, in order to ensure that the quantity of material dredged 
does not exceed that specified in the EIA, a conservative additional 10% volume of 
material will be assumed.  This constitutes an “EIA conservative approach” that will ensure 
that any increases in quantity do not render the EIA and subsequent Record of Decision 
invalid.   
 
Specifically the dredging has been limited so as not to include the more highly 
contaminated sediments located in the southern eastern corner of the Ben Schoeman 
Dock (site BS1 B in CSIR, 2006a).  The site containing these more contaminated 
sediments (BS1 B) lies approximately 10 to 15 m outside the proposed dredging area. 
 
 

2.3 Dredge Material Characterisation 

Evaluation of the quantity of dredge material and the physical and biogeochemical 
characteristics of the dredge material for disposal is necessary to determine the nature 
and extent of potential environmental impacts.   
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2.3.1 The Quantity and Physical Characteristics of the sediments to be 

dredged 

Requirements for the physical characterisation of the sediments are given below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The sediment and subsoil conditions in the Ben Schoeman Basin were investigated 
(Protekon, 2006) by drilling 38 boreholes (BH B1 to BH B38).   The depth of the Ben 
Schoeman Basin varies between –10 m CD in the eastern part of the basin near Berth 
600, and –15m CD at eth entrance to the Ben Schoeman basin.  Surficial sediments 
comprise dark grey, very loose to loose silty sand and dark grey to black, soft sandy silt 

The physical characteristics of the sediments that need to be determined are: 

·  the amount of material to be disposed; 

·  particle size distribution; 

·  geological classification and specific gravity of the solids (and ideally the in-situ 
density of the sediments to be dredged); 

·  Ideally, the organic content of the sediments (due to its influence of properties 
such as flocculation, erodability, etc). 

Based on these characteristics it is possible to determine the need for a full 
characterisation of the chemical and/or biological properties of the sediments.  
Specifically, in terms of the London Convention and 1996 Protocol, the dredge material 
may be exempted from the full characterisation of these chemical and biological 
properties if: 

·  the dredge material is excavated from a site away from existing and historical 
sources of appreciable pollution so as to provide assurance that the sediments 
do not contain contaminants of anthropogenic origin; 

·  the dredge material is composed of predominantly sand, gravel and/or rock (as 
contaminants are typically associated with fines and muds), or 

·  the dredge material is composed of previously undisturbed geological materials. 

 
Dredge material that does not fully meet one of these criteria requires full 
characterisation to assess its potential environmental impacts.  The dredge material to 
be disposed of from the Ben Schoeman Dock does not fully meet any one of these 
criteria as: 

·  the dredge material is being excavated from the Ben Schoeman Basin which 
lies in close proximity to the City of Cape Town and adjacent to the Duncan 
Dock that receives contaminated stormwater  from the City of Cape Town. 

·  the dredge material contains a relatively large quantity of fines (~ 30%), and 

·  only a proportion of the sediments are composed of previously undisturbed 
geological materials. 
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sediments, the thickness of these sediments being typically of the order of 1 to 2m.  Very 
stiff silt and sandy silt from residual greywacke and shale of the Tygerberg Formation 
underlie these sediments. These appear to be variable across the Ben Schoeman Dock 
Basin (borehole logs, Protekon, 2006). The residual soil is generally underlain by very soft 
rock through to hard rock shale and greywacke, at depths ranging from 0.3 m and 7.05m 
below the seafloor. The contours of soft rock and hard rock levels in the basin are reported 
in the geotechnical reports for the dredging of the Ben Schoeman Basin (drawing numbers 
BDC009V Sheet C14 and C15 in Appendix A – Protekon, 2006). 
 
The surficial sediments comprise mainly sand (equivalent spherical diameter particle size 
range <2.00mm - > 0.063mm) and mud (< 0.063mm) with a small component of gravels 
(>2.00mm) by weight. Size distributions vary throughout the dock basin but the average 
composition is 43 – 50% sand, 21 – 44% mud, and 5 – 19% gravel. Subsurface sediments 
appear to be largely similar with ~52% sand, 44% mud, and generally ~4% gravel (Table 
2.2).    
 
The presence of mud, silt and clay sized particles in the surficial sediments indicates that 
areas within the Ben Schoeman Dock basin are depositional in nature. This is expected as 
harbours are designed to be quiet water areas and consequently shear stresses at the sea 
bed would be low, allowing fine material to sediment out of the water column. However, 
the apparent thickness of the surficial layer varies across the dock basin as evident in the 
borehole logs (Protekon, 2006). This may be attributable to previous dredging and 
construction activities that altered the depth distributions of the coarser material underlying 
the surficial sediments. Protekon (2006) provide circumstantial evidence for this in 
'anomalous' distributions of gravel layers as well as chipped rock fragments apparently 
resulting from dredging. Initial construction activities associated with the Ben Schoeman 
Dock occurred in the early 1970’s (Protekon 2006) and therefore the muds, silts and clays 
in the surficial sediments in the basin have probably been accumulating since this period.  
Vibrocore boreholes down the centre of the proposed dredge area showed surficial layer 
horizons at sediment depths ranging between 0.20m to 2.30m with a mean depth of 
approximately 0.90m (sd = 0.70, n = 0.70, Protekon, 2006).  
 
From the proposed dredging plan (Figure 2.1) it is estimated that the quantities of dredge 
material that will need to be removed from the Ben Schoeman Dock are as indicated in 
Table 2.1 below. 
 

Table 2.1:  Estimated quantities of material to be dredged  from the Ben 
Schoeman Basin. 

Material type 
Percentage of 

the total 
volume 

Volume (m 3) 

Soft Material   77.2     949 428 
Soft Rock   15.7     192 944 
Hard Rock     7.1       86 956 
Total 100.0  1 229 328 
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Figure 2.1: Proposed dredge area that includes a –1 7.0m (CD) scour trench alongside berths 601 through  to 604 but excludes the 
more highly contaminated sediments in the south-eas tern extremity of the Ben Schoeman Dock in the vici nity of the 
Elliott Basin. 
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In terms of the soft material to be dredged (i.e. 949 428 m3), based on the Protekon 
(2006) geotechnical report, Schoonees (2006) estimated the composition of the 
material to be dredged to be gravel 4%, sand (52%) and mud (44%). These 
Geotechnical report data have been re-analysed and the present estimate of the 
composition of the material is as indicated in Table 2.2.  This composition of 
sediments is assumed to be correct and is utilised in this study.   
 

Table 2.2:  Estimated quantities of the soft material to be  dredged from the 
Ben Schoeman Basin. 

Type of soft material 

Percentage of 
the total 

volume of 
soft material 

Volume 
(m3) 

Gravel    4   37 980 
Sand   52 493 700 
Mud (material finer than 0.063 mm)   44 417 750 

Total 100    949 430* 1 

  *1  Rounded off to the nearest 10 m3 
 
 
As noted previously, in order to ensure that the quantity of material dredged does not 
exceed that specified in the EIA, a conservative additional 10% volume of material 
will be assumed.  This constitutes an “EIA conservative approach” that will ensure 
that any increase in quantity does not render the EIA and subsequent Record of 
Decision invalid.   
 
Note also that it is assumed that all material will be disposed of at the dredge 
disposal site.  In reality, there may be a possibility that some or all of the rock and 
possibly some of the other more coarse material could be utilised for fill, however 
presently this is deemed unlikely.  The approach taken here therefore conservatively 
assumed that all material will be disposed of at the offshore dredge disposal site.  
 
For the purposes of determining the mass of sediment and rock to be dredged, an in-
situ density for all material has been assumed (see Table 2.3) and a weighted mean 
(in terms of percentage distribution of material size and type) for the sediments has 
been determined for all material (including rock) and for soft material only (excluding 
rock).   
 

The densities assumed for the soft material are relatively high due to the large 
fraction of sand as well as the fact that the muds contain a large fraction of silt (67% 
of the muds) rather than clays (33% of the muds).   The assumption of these higher 
in-situ and dry densities also constitutes a conservative scenario in terms of the mass 
of material to be disposed of at the dredge disposal sites. 
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Table 2.3:  Estimated quantities of material to be dred ged from the Ben 
Schoeman Basin, including increased dredge volumes (+10%) to  
ensure validity of the EIA project description.  Included are the 
assumed in-situ (wet) and dry density of the dredge material. 

Type of 
material 

% of 
the 

total 
volume  

Volume* 1   to 
be dredged 

  
(m3) 

Volume* 2   to 
be dredged 

+10%  
(m3) 

Assumed in- 
situ density 
of dredge 
material 
(kg/m 3) 

Assumed 
dry density 

of in-situ 
dredge 
material 
(kg/m 3) 

Soft Material 77.2 949 430 1 044 370 1 790 1 250 

Gravel    3.1     37 980    41 780 2110 1775 

Sand  41.7   512 690  543 070 2000 1590 

Mud(<63mm)  32.4   398 760  459 520 1510*3  795 

Rock 22.8 279 900 307890 2560 2590 

Soft rock 15.7   192 940 212 240 2570 2520 

Hard Rock 7.1     86 960 95 650 2650 2650 

Total   100.0 1 229 330 1 352 260 1 960 1 530 

  *1  Rounded off to the nearest 10 m3 

  *2  Includes additional 10% “safety margin” to ensure validity of the EIA project description 

 

  *3
   Conservative in that it represent a consolidation to very stiff muds (Schoonees, 1995; CEM, 1998) 

 
Once dredged, the material is loaded into hopper barges and disposed of at the 
chosen dredge-disposal site.  Assuming a specific gravity of between 2.55 and 2.75 
for the sediments and rock to be dredged and that on aggregate the hopper barges 
will contain 30% of sediments by volume, i.e. allowing for “realistic “ operation that 
include allowance for lean mixture overboard (LMOB), suggests an in-situ density of 
rock and soft material in the barge of approximately 1 500 mg/l (or 795 kg dry mass 
per m3). This value is in the upper range of normally assumed sediment content in a 
hopper (10% to 30%), however the sediments contain a significant proportion of rock 
and sand.  Also the muds contain an approximate 67% of silt that would suggests 
that this assumption is reasonable. In aggregate this means that there is an 
approximate 90% “bulking” of the in-situ dredge material when placed in the hopper, 
i.e. when determining the number of hopper barge dumps an approximate 90% 
increased volume needs to be assumed but at a proportionately reduced sediment 
concentration.  The “bulking factor” is only of relevance in determining the number 
and size of dumps from the hopper barge as we have assumed that sufficient hopper 
barges will be available to match the assumed dredge rates of the various dredgers 
and associated operations within the port. 

 
 
2.3.2 Quality of the sediments 

When referring to the quality of the sediments this includes the biogeochemical 
characteristics, including contaminants such as trace metals, hydrocarbons, 
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pesticides, etc.  The following should be considered in terms of the chemical 
characterisation of the dredge material (London Convention, 2002):   

·  major geo-chemical characteristics of the sediment including redox status; 

·  data from previous sediment chemical characterization and other tests of the 
material or other similar material in the vicinity, provided this information is still 
reliable; 

·  source and prior use of dredged materials and  potential routes by which 
contaminants could reasonably have been introduced to the sediments that 
could include the probability of contamination from agricultural and urban 
surface runoff, spills of contaminants in the area to be dredged, industrial and 
municipal waste discharges (past and present); 

·  substantial natural deposits of minerals and other natural substances. 
 
Furthermore the sediment from the proposed dredging site should represent the 
vertical and horizontal distribution and variability of properties of the materials to be 
dredged. 
 
Further information may also be useful in interpreting the results of chemical testing, 
such as grain size distribution (contaminants are usually associated with the mud 
fraction of the sediments), total organic carbon (TOC), and other normalizing 
constituents (e.g. Aliminium). 
 
In terms of the London Convention (London Convention, 2002), if the potential 
impacts of the dredge material to be dumped cannot be assessed on the basis of 
chemical and physical characterisation and available biological information, biological 
testing should be conducted.  In particular, it is important to determine whether an 
adequate scientific basis exists on the characteristics and composition of the material 
to be dumped and on the potential impacts on marine life and human health.  This 
requires that the sensitive ecosystems and beneficial uses in the region are fully 
characterised. 
 
Biological tests should be undertaken on species appropriately sensitive and 
representative of the ecosystems of the region.  The approach here however has 
been to use existing water quality guidelines to make impact assessments as these 
are generally very conservative and should be robust enough to minimise the risk of 
environmental impacts should there be compliance with the appropriate water quality 
guidelines.  The guidelines used in this assessment are the South African Water 
Quality guidelines (DWAF, 1995a,b) and water and sediment quality guidelines 
developed for the Benguela Current Large Marine Ecosystem (BCLME) (Taljaard, 
2006).  Greater detail of these guidelines are provided in Section 4 of this report. 
 

2.3.2.1 Surficial sediment contaminant distribution s 

The surficial sediment (top ~20cm) contaminant concentrations in the Port of Cape 
Town have been routinely measured since 1999 (CSIR data). In 1999, 2000, 2001 
and 2004 coverage in the Ben Schoeman Dock basin was limited to three stations 
(e.g. CSIR, 2004a). In 2005 this was extended to 10 stations (CSIR, 2005). This 
series of measurements identified high levels of contamination at the head of the 
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dock basin which was further investigated in 2006 through 11 sampling stations 
distributed mainly at the head of the basin (CSIR, 2006a). Figure 2.2 shows the 
distribution of the 2005 and 2006 sampling stations that were located within the 
proposed dredge area. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2:  Chart of the Ben Schoeman Dock in the Port of  Cape Town. The 
proposed dredge area is demarcated by the purple line (from 
Protekon drawing  BDC009V). Grey circles indicate the posit ions 
of sediment samples taken in 2005 and black squares those 
taken in 2006. The green navigation marker indicates the posi tion 
of sediment sample BS1B that contains trace metal 
contamination that exceeds the London Convention prohibition 
levels (after Lwandle, 2006a). 

 
For purposes of characterising the quality of the sediments to be dredged, only the 
most recent of the CSIR surveys (2005 and 2006) are used.  The trace metal 
concentrations measured in 2005 and 2006 are listed in Table 2.4. London 
Convention 'special care' and 'prohibition' thresholds (DEA&T, 1998) are also listed to 
show sites and trace metals that lie within these categories.  The BCLME sediment 
quality guideline values (Taljaard, 2006) are listed to show the probability of in-situ 
adverse biological effects. Table 2.5 lists hydrocarbon concentrations measured in 
the Ben Schoeman Dock basin surficial sediments in 2005 (no measurements were 
made in 2006). Table 2.5 includes screening level thresholds to show whether the 
measured levels constitute any appreciable risks of generating adverse 
environmental impacts. 
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Table 2.4 shows that individual LC Annex II trace metal concentrations that lie within 
the special care category at all sampling locations along the periphery of the basin 
but not those towards the centre of the basin (BS3 to BS5 in 2005 and BS1 H – L in 
2006). Further, cadmium and mercury, both LC Annex I contaminants, lie within the 
special care (action level) category at three and seven of the 18 sites sampled 
respectively.   In both cases (i.e. Annex I and II individual trace metal concentrations) 
most of the exceedances were close to the lower end of the defined thresholds at 
which trace metals are deemed to enter the special care category. The combined 
Annex I and II trace metal concentrations lie within the special care category in all 
cases except at sampling location BS1B which fell into the lower end of the threshold 
at which trace metal concentrations are deemed to enter the prohibition range.  This 
sampling point is actually located ~11m outside of the specified dredge area (Figure 
2.2) and is thus technically also outside of this evaluation. However, it is possible that 
sediments at this site could be disturbed during the proposed dredging which merits 
its inclusion in this assessment. 
 
All of sampling locations had trace metal concentrations that exceeded the Threshold 
Effect Level (TEL) while at two of them mercury exceeded the Probable Effect Level 
(PEL). This indicates that modifications to the soft sediment benthic community in the 
harbour basin was possible at most sample sites and probable at sites BS5 and 
BS1M. However, other extrinsic factors such as water exchange and food availability 
would probably also play roles in structuring the benthic community as would the in-
situ effects of anoxia, etc.  
 
There are essentially two possible sources that could explain the observed trace 
metal concentrations in Port of Cape Town surficial sediments: 

·  erosion of (terrestrial) clay minerals and deposition in the harbour, i.e. a 
lithogenic source, and 

·  anthropogenic sources.  

Regressions of the concentrations of the trace metals against that of aluminium (a 
proxy for clay minerals) indicate that generally a minor component of the variation in 
trace metals is explained by aluminium concentrations (0.2% - 31%). Therefore a 
natural, lithogenic origin for the trace metals is largely discountable which indicates 
anthropogenic origins as the most likely sources. The sources are urban runoff, 
carrying contaminants from the stormwater catchments into the harbour and local 
activities such as ship maintenance and repair. 
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Table 2.4: Ben Schoeman Dock dredge area surficial sediment trace metal concentrations measured by the  CSIR in 2005 and 2006 
and comparisons against the London Convention speci al care and prohibition level concentrations and th e threshold 
(TEL) and probable effect (PEL) concentrations 1 in the BCLME guidelines (Taljaard,2006). Blue indi cates exceedance of 
the special care lower threshold and red (with unde rline)  indicates exceedance of the prohibition lim it. Green indicates 
exceedance of TEL thresholds and orange exceedance of the PEL threshold.  The sample position for BS1B  is denoted 
by the green navigation marker in Figure 2.2. 

                                                 
1 The terminology of TEL and PEL is taken from MacDonald et al 1996. TEL and PEL are calculated from effect and no effect data: TEL represents a threshold value below which in situ adverse 
biological effects are considered unlikely; PEL represents a threshold above which in situ adverse biological effects are probable. 

Sample Sample Al As Cd Cr Cu Hg Fe Mn Ni Pb Zn � Annex I&II Metals 

Date ID             

2005 BS1 11918 8.2 2.2 60 79 0.7 26948 164 23 74 179 426 

2005 BS2 21318 3.3 1.2 33 58 0.5 15092 120 14 33 85 228 

2005 BS3 22317 5.6 1.2 37 41 0.7 15599 103 14 46 97 242 

2005 BS4 28950 3.0 1.4 38 28 0.6 22847 177 23 27 92 213 

2005 BS5 14124 0.5 0.6 23 2 0.9 10380 72 9 4 23 63 

2005 BS6 33947 9.0 2.3 69 69 0.6 25413 155 27 83 150 410 

2005 BS7 39354 9.0 2.0 66 73 0.7 25389 150 23 77 176 427 
2006 BS1 B 28252 10.1 1.4 74 94 <0.5 29689 172 26 87 264 557 
2006 BS1 D 22036 8.7 1.1 50 63 <0.5 23296 137 18 62 144 347 
2006 BS1 E 23352 9.3 1.2 53 66 <0.5 24736 149 20 63 141 354 
2006 BS1 G 21397 8.3 1.1 48 62 <0.5 22289 134 18 57 137 331 
2006 BS1 H 16975 6.6 0.9 36 41 <0.5 17225 111 14 43 92 234 
2006 BS1 I 24143 5.6 1.3 45 28 <0.5 24792 173 23 28 91 221 
2006 BS1 J 16875 4.3 0.9 28 23 <0.5 16938 126 15 25 68 164 
2006 BS1 K 16897 6.6 0.9 35 40 <0.5 17409 114 16 46 105 250 
2006 BS1 L 16747 6.7 1.0 34 44 <0.5 16868 114 14 43 90 232 
2006 BS1 M 24048 10.0 1.0 51 70 1.2 24885 147 20 65 145 363 
2006 BS1 N 22510 10.0 1.2 48 64 <0.5 23325 138 19 61 130 332 

LC SPECIAL CARE RANGE  30-150 1.5-10.0 50-500 50-500 0.5-5.0 - - 50-500 100-500 150-750 50-500 
LC PROHIBITION THRESHOLD  >150 >10 >500 >500 >5.0 - - >500 >500 >750 >500 

LC Annex - 2 1 2 2 1 - - 2 2 2 2 
TEL - 7.24 0.68 52.3 18.7 0.13 - - 15.9 30.2 124 - 
PEL - 41.6 4.21 160 108 0.7 - - 42.8 112 271 - 
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Table 2.5:  Hydrocarbon distributions in Ben Schoem an Dock basin surficial sediments in 2005 (modified  from CSIR 2005). 
Screening and maximum level thresholds are from DEA &T (1998) and BCLME water quality guidelines (Talja ard, 2006). 
The sample locations are shown on Figure 2.2, the L F samples were taken from outside of the harbour an d indicate 
local background concentrations. 

 
Sample Hydrocarbon 

(µg/kg) 
Screening 
Level  

Maximum 
Level  BS1 BS2 BS3 BS4 BS5 BS6 BS7 LF1 LF2 LF3 

Napthalene 34.6 391 <5 <5 17.57 <5 <5 <5 25.2 <5 <5 8.94 

Acenaphthylene 44 640 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 
Acenaphthene 6.71 88.9 <5 <5 <5 <5 <5 <5 <5 5.94 <5 17.7 

Fluorene 21.2 144 <5 <5 <5 <5 <5 <5 <5 6.19 <5 12.7 

Phenanthrene 86.7 544 33.5 7.65 26.2 <5 <5 41.0 53.3 47.9 8.33 54.11 

Anthracene 46.9 245 10.6 <5 20.9 <5 <5 6.89 <5 8.31 <5 7.71 

Fluoranthene 600 5 100 61.1 19.6 48.4 10.0 <5 76.9 <5 67.7 15.9 62.8 

Pyrene 153 1 398 69.0 25.6 55.3 <5 <5 86.6 88.3 59.6 <5 44.6 

Benz[a]anth-racene 74.8 693 19.9 <5 42.2 <5 <5 37.3 <5 18.2 <5 <5 

Chrysene 108 846 <5 9.92 <5 <5 <5 <5 <5 <5 <5 <5 
Benzo[a]pyrene 89 763 37.1 7.11 <5 6.05 5.41 <5 131 <5 <5 27.1 

Dibenz[a,h]anth-
racene 

6.22 135 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 

Total PAH 4 000 45 000 295 81 336 16 5 354 339 230 30 236 

TPH2 1 000 000 1 500 000 19 631 20 642 40 154 14 301 13 377 30 932 46 308 17 108 12 909 13 056 

TOC % - - 3.1 1.1 1.4 0.5 0.9 2.3 3.4 1.7 0.4 0.4 

PAH:TOC 4 000 45 000 94 75 244 30 6 153 99 138 71 670 

TPH:TOC Ratios 1 000 000 1 500 000 6 262 19 025 29 358 26 582 14 636 13 390 13 497 10 214 30 809 37 091 

 

                                                 
2 Screening/Action and Maximum/Prohibition levels are defined for 'oils' in DEA&T (1998) as 1 000 – 1 500µg/g and >1 500µg/g respectively. 
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Whatever the sources of the trace metals, simple linear regressions of the LC Annex II 
trace metals against the abundant iron that is present in the surficial sediments (Table 2.4) 
indicate that all but copper and zinc are reasonably well associated with this element; r2 
values ranging from 0.40 to 0.52. The two exceptions exhibit r2 values of 0.10 and 0.23 
respectively. Acid volatile sulphide (AVS) concentration measurements made by CSIR in 
2004 and 2005 indicate that some of the Ben Schoeman Dock basin surficial sediments 
are mildly anoxic. Under these circumstances it is probable that a proportion of the trace 
metals will be held within the sediments as insoluble metal sulphides. This is confirmed in 
the simultaneously extracted metal fractions (CSIR 2004a, 2005) which show that 
approximately 40% of the total trace metals may be in the sulphide form.  
 
From the above it appears that the trace metals in the Ben Schoeman Dock basin surficial 
sediments are probably anthropogenically derived. However, although trace metal 
concentrations exceed both the lower threshold at which the trace metal concentrations 
are deemed to lie within the LC special care category and the BCLME sediment quality 
guideline concentration limits (Taljaard, 2006), they are probably not biologically available 
as, due to associations with iron and/or sulphides, it is likely that they are stabilised in the 
particulate phase. Under these circumstances they exert minimal adverse effects on the 
local biota and ecological processes. 
 
As a first estimate it was assumed that that all metals in sulphide form may be released 
into the water column during dredging.  Where the data existed the ratio of the total 
simultaneously extracted metals (SEM) to the total metal in all available acid volatile 
sulphide (AVS) and SEM measurements, was calculated.  The mean of these ratios was 
0.4 (n=17), meaning that 40% of the total metals in the sediments could potentially be 
released into the water column.  However it was thought that this dissolution of trace 
metals into the water column would be short-lived (< 60 minutes) as the trace metals are 
expected to precipitate as ferric and manganous hydroxide complexes.  (Both iron and 
manganese are abundant in the harbour waters.)  This initial conservative assumption that 
the approximately 40% of the total metals existing in the simultaneously extracted metals 
(SEM) fraction of the contaminated sediments would be released into the water column 
during dredging and/or dumping was used to set up the modelling study.  However the 
modelling study was set up so that results would be scalable so that the correct 
percentage release of trace metals into the water column could be entered at the time of 
post-processing of the model results when more accurate estimates of this 
remineralisation factor were expected to be available. 
 
The uncertainty in the quantity of trace metals entering the water column during dredging 
was perceived to be a major constraint in the model prediction and thus required further 
investigation.  It was therefore decided to undertake elutriation analyses3 to try to 
determine exactly what fraction of the trace metal contaminants would enter the water 
column (see Appendix B).   
 
The results on these analyses indicated that only zinc seemed to be released in detectable 
quantities and then only between 0.05 and 0.2 % of the total trace metals within the 
sediments, the higher figure being for loosely consolidated muds (as was most likely the 

                                                 
3 Elutriation analyses are designed to determine to what extent trace metals from the sediments become 
dissolved in the water column when the sediments are disturbed, (e.g. by dredging) and the persistence of 
those dissolved trace metals in the water column in the presence of turbid waters and/or in the dredge hopper. 
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case here) with a dry density of approximately 450 kg/m3.  The effects of the potential 
release of  trace metal contaminants into the water column is thus much less than 
originally anticipated.  However it should be noted that the concentrations of dissolved zinc 
(~20 mg/l) and copper (7.7 mg/l)  in the seawater blanks for the elutriation tests were close 
to and exceeded the South African Water Quality guidelines, respectively.  The implication 
is that, if the South African water quality guidelines are to be complied with, there is little 
scope for increasing the dissolved metal concentrations in the water column due to 
dredging activities.  However a more complete set of measurements (CSIR, 2006b) of 
dissolved trace metals in the water column (Table 4.2 in Section 4) indicate that the 
dissolved trace metal concentrations in the water column in general are moderate and do 
not exceed (or even approach) the South Africa Water Quality guidelines. 
 
The model results have been conservatively scaled by assuming that 0.2% of the trace 
metals enter the water column.  For the spatial assessments in the modelling a scaling by 
0.2% provided limited evidence of impact so a more conservative 0.5% was used to 
provide more information and also illustrate the “safety margin” inherent in the assumed 
remineralisation factor.  
 
Table 2.5 shows that the concentrations of the individual PAH compounds in the surficial 
sediments were low except for acenapthene which exceeded the screening level threshold 
(equivalent to the special care thresholds in Table 2.5) at sample location LF3. This 
sample was taken from outside of the harbour and is thus outside of the proposed dredge 
area. Further, total PAH concentrations in all cases were well within the defined screening 
threshold. 
 
Similar to PAH total aliphatic and petroleum hydrocarbon (TPH) concentrations were 
consistently below the screening level thresholds indicating minimal risks of adverse 
environmental effects from these compounds either in situ or at an offshore dump site.  
 

2.3.2.2 Trace metal distributions in subsurface sed iments 

Trace metal concentrations in sediments taken from various depths in vibrocore samples 
collected by Protekon are listed in Table 2.6. The bulk of the individual trace metal 
concentrations fall below the thresholds of the special care category for the LC Annex II 
metals, and the equivalent action levels for the Annex I trace metals, cadmium and 
mercury. There are three exceptions to this; sediments from borehole B6 lie within the 
special care category for cadmium, chromium, nickel and zinc, the sediments of borehole 
B28 lying within the special care category for zinc and the sediments of borehole Q4 B28 
lying within the special care category for nickel concentrations. All of these boreholes were 
located at the head of the Ben Schoeman Dock Basin (Protekon 2006). Two of the 
sampled sediments were at the top of the cores, essentially confirm the distributions 
reported for the surficial sediments above. The nickel exceedance of the lower threshold of 
the special care category in the Q4 borehole is an exception to this as the sample was 
drawn from 1.0 – 1.7m beneath the sediment surface. The sediments lying above this (0.0 
– 1.0m) in the Q4 borehole did not exceed the lower threshold of the special care category 
for trace metals. Despite the apparent anomaly in borehole Q4 and although there are 
limited data it is apparent that the trace metal concentrations in the deeper sediments are 
lower than those of the surficial sediments. This is consistent with a modern anthropogenic 
source for the observed contamination in the surficial layers. 
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For the purposes of the modelling study we have assumed trace contaminant loads of total 
metals of 300 mg/kg in the upper 0.9 m and 170 mg/kg below that.  We have assumed 
that an approximate average of 1.5 to 1.7 m of sediment is to be removed over the whole  
dredge area.  The vertically averaged mean total metal concentration assumed is 
approximately 250 mg/kg. 
 
 

Table 2.6: London Convention (LC) Annex 1 and Annex 2 trace meta l 
concentrations in sediments drawn from vibrocore borehole cores 
taken from the Ben Schoeman Dock basin. Blue indicates e xceedance 
of special care threshold. 

 
Al As Cd Cr Cu Hg Ni Pb Zn 

Sample 
Id 

Sample 
Depth in m 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg 

in 
mg/kg  

B1 0.4 - 0.55 21087 7.4 0.8 36.2 28.4 <0.5 16.9 34.2 83.4 

B6 0.00 – 5.35 56094 22.0 2.3 59.9 67.8 <0.5 66.0 71.3 158.0 

B7 0.70 - 1.15 11176 4.8 0.5 22.2 16.5 <0.5 9.3 22.5 50.9 

B7 2.7 - 3.15 9527 3.4 <0.5 15.1 5.8 <0.5 6.9 10.9 25.6 

B8 0.50 - 0.72 18154 1.4 0.6 24.5 10.6 <0.5 18.7 12.6 91.7 

B8 0.72 - 1.4 17780 1.9 0.5 24.0 14.0 <0.5 17.1 11.6 95.3 

B9 0.3 - 0.67 31694 2.5 1.1 32.5 23.9 <0.5 27.5 22.3 87.1 

B25 0.85 - 1.5 26694 5.1 0.9 24.3 17.3 <0.5 25.8 16.1 50.4 

B28 0.0 - 0.6 18151 8.5 0.9 34.5 37.5 <0.5 16.0 48.1 185.0 

B29 0.0 - 0.4 14714 7.1 0.7 31.7 42.2 <0.5 13.3 48.4 120.0 

B30 0.5 - 0.95 35099 3.8 1.3 40.5 37.0 <0.5 44.9 40.7 96.7 

B31 0.9 - 1.35 7159 4.0 <0.5 14.3 12.2 <0.5 5.6 15.0 35.4 

B31 1.9 - 2.35 17775 5.7 0.7 30.0 4.9 <0.5 13.3 13.4 35.2 

B31 2.9 - 3.35 18088 6.5 0.7 28.7 4.4 <0.5 13.5 14.1 29.7 

B32 0.0 - 0.90 25599 10.8 1.0 42.6 39.2 <0.5 22.3 49.1 121.0 

B32 1.2 - 2.3 40510 13.7 1.5 39.0 17.7 <0.5 39.7 18.8 81.7 

Q4 0.0 – 1.0 27469 1.3 0.9 35.4 7.3 <0.5 20.6 12.7 59.5 

Q4 1.0 – 1.7 30394 14.3 1.1 7.3 45.8 <0.5 89.4 14.0 33.5 

Q7 0.0 - 1.9 31911 5.5 1.1 38.6 19.8 <0.5 29.0 16.3 69.0 

Q9 0.0 - 6.5 22704 6.4 0.7 28.6 6.7 <0.5 23.1 13.5 59.6 

LC Special Care  range N/A 30-150 1.5-10.0 50-500 50-500 0.5-5.0 50-500 100-500 150-750 

LC Prohibition Level 
threshold N/A >150 >10.0 >500 >500 >5.0 >500 >500 >750 

TEL  7.24 0.68 52.3 18.7 0.13 15.9 30.2 124 

PEL  41.6 4.21 160 108 0.7 42.8 112 271 
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2.4 Description of Dredge Operations 

2.4.1 Proposed dredge techniques 

The exact nature of the dredging techniques to be used and the dredging operation 
remains uncertain due to the likely availability of dredge equipment.   For this reason we 
have assumed three possible dredge operations.  Within each of these dredge operations 
we have made assumptions as to the likely nature of the dredge rates, dredge disposal 
rates and loading of sediments and associated contaminants to the marine environment. 
 
The most likely dredge techniques to be used are: 

1. A combination of a Cutter Suction Dredger (CSD) and Backhoe (BHD) dredger 
where the operations will include: 

-  Drilling and blasting of rock with an unconfined compressive strength of greater 
than 50 MPa; 

-  Removal of the 'soft' material, rock with unconfined compressive strength of 
less than 50 MPa and treated rock using a cutter suction dredger; 

-  Spoil will be removed to the offshore disposal site using hopper barges. 

2. Combination of Trailing Suction Hopper Dredger (TSHD) and Backhoe Dredger 
where the operations will include: 

-  Removal of all 'soft' material using a Trailing Suction Hopper Dredger (TSHD);  

-  Drilling and blasting of rock with an unconfined compressive strength of greater 
than 10 MPa; 

-  Removal of the rock with unconfined compressive strength of less than 10 MPa 
and treated rock using a back hoe dredger; 

-  Spoil from the BHD will be removed to the offshore disposal site using hopper 
barges for the backhoe dredger.  The TSHD uses a hopper incorporated within 
the dredger and consequently will need to travel to the dredge disposal site to 
disposed of the dredge material. 

3. Backhoe dredger(s) only where the operations will include: 

-  Removal of all 'soft' material using a back hoe dredger;  

-  Drilling and blasting of rock with an unconfined compressive strength of greater 
than 10 MPa; 

-  Removal of the rock with unconfined compressive strength of less than 10 MPa 
and treated rock using a back hoe dredger; 

-  Spoil will be removed to the offshore disposal site using hopper barges. 

For all of the dredging operations there will be a requirement to dredge a scour trench 
adjacent to the quay wall where:��

·  Rock with an unconfined compressive strength of greater than 10 MPa will require 
drilling and blasting (Szendrei et al, 2006);��

·  All dredging will be by back hoe dredger. However, it is noted that some soft 
material could be dredged using land based grab;��
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·  Spoil will be removed to the offshore disposal site using hopper barges. 

(Szendrei et al., 2006) suggest that the most practical method to remove the rock would 
be using a backhoe dredger.  A description of the various dredgers and their 
characteristics are given in Appendix C. 
 
In terms of defining the dredge operations and associated environmental effects there are 
a number of critical parameters that need to be defined.  These include: 

·  The effective dredge rates  (i.e. volumes of in-situ sediment per week); 

·  The assumed sediment  size distribution  within these sediments; 

·  The nature of the overspill  and other sediment/contaminant  loading  at the 
point of dredging; 

·  The hopper barge size  and assumed quantity (in-situ density)  of sediments  in 
each hopper barge load.  This determine the size and frequency of the dumps at 
the dump-site; 

·  The nature of the dumping operation  (instantaneous dump). 

Note:  Dredging activities will be discontinuous operations, e.g. dredging next to the berths 
(approximately within 20 m of the berths) is planned to be completed and handed over in 
sections as there is a requirement to keep 3 out of the 4 berths operational throughout the 
construction period.  This means that dredging of the next berth cannot be started prior to 
completion of the dredging of the previous berth. 
 
In terms of designing modelling scenarios “worst case” scenarios that nevertheless remain 
realistic, have been defined. A generally conservative approach would be to assume the 
expected “effective” dredge rate as provided by Transnet that is a maximum average 
weekly dredge volume rate that includes down-time, etc.  This provides a realistic scenario 
in terms of general loading of sediments in the port and at the offshore dump-site from the 
dredging operations both on an approximate event-scale (for environmental conditions in 
the marine environment) and/or on a weekly basis. 
 
Assuming a 24 hours a day and 7 days a week operation with no down-time would lead in 
all cases to a significantly more rapid dredging rate than indicated by these “effective” 
dredge rates supplied by Transnet.  Such a significantly increased dredge rate is not 
considered to be realistic as this would result in overly conservative results in terms of 
sediment and contaminant loadings within the port and at the offshore dump-site, however 
it would not be conservative in terms of the duration of operations.  In designing 
conservative dredge scenarios we have assumed that the acute effects of high loading of 
sediments and contaminants is likely to result in greater ecological impacts than the 
chronic effects of sediment and contaminant loading from significantly longer dredge 
operations.  Underlying this assumption is that any down-time would remove the sediment 
and contaminant loadings due to dredging activities and thus reduce sediment and 
contaminant levels fairly rapidly through natural dispersion within the respective 
environments.  This is likely to be more the case for sediment loadings than for toxic 
contaminants within the water column.  Where there is a concern around chronic effects 
these will necessarily then need to be assessed based on interpretations of the modelling 
results for the defined conservative scenarios. 
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In defining conservative scenarios in terms of acute impacts significant factors are: 

·  The maximum dredge rate within the port and associated sediment and 
contaminant loadings. 

·  The maximum size per dump and rate of such dumping.  The greater the loading 
the greater will be the impacts in the water column and at the seabed. 

 
Given that the nature of the down-time cannot be accurately determined, we have 
assumed that the effective rate of dredging is a mean dredging rate for the period (i.e. we 
have assumed no major spurts of activity).  While this is not necessarily conservative as 
dredge rates may increase by up to 50% over shorter periods, in terms of setting up 
modelling scenarios, this is compensated for by the fact that we are assuming a shorter 
duration, more intense operation than is likely in reality and that we have been 
conservative in assuming sediment and contaminant loadings. 
 
Of perhaps greater significance is whether lean mixture overboard (LMOB) is deemed to 
be acceptable or not.  Should lean mixture overboard be allowed, this will increase the 
impacts within the port and beneficial uses in the port and surrounds.  The sediment 
concentrations in the hopper barge will then be increased which will result in significant 
cost savings.  Allowing lean mixture overboard will significantly increase the actual 
quantity of sediment discharged per hopper load.  This, together with assuming larger 
hopper sizes, is likely to result in a conservative scenario at the offshore dump-site, 
however increased density within the hopper is likely to result in greater entrainment of 
fines in the material being dumped as it falls to the bottom and less loading of fines in the 
water column.  In keeping with devising conservative environmental scenarios, we have 
assumed lean mixture overboard will be allowed. 
 
A conservative assumption is that the hopper barges will have capacities in the order of 
2000 m3 to 4000 m 3 (as would be likely due to the distances to be sailed and the likely 
prevailing weather conditions that would be encountered in this region) and contain 30% 
of sediments by volume  as this results in increased loads of sediments per barge and 
consequently a more concentrated suspended sediment concentration loading at any 
particular time that sediments are disposed of from the hopper barges. These hopper 
barge sizes are consistent with hopper barge sizes assumed for previous studies in the 
region (CSIR, 2003b).  
 
Lower assumed densities in the hopper barge (for example, resulting from limitations on 
the LMOB allowed) may result in a less concentrated dumping of sediments due to a 
reduced entrainment of finer sediment with the bulk of the material being dumped and a 
consequent increase in water column turbidity at the offshore dump-site (i.e. a more 
conservative scenario in terms of potential water column impacts offshore). However 
modelling results for the Sakhalin Energy Project indicate that the assumption of larger 
hopper barges indeed constitute a conservative scenario in terms of suspended sediment 
concentrations in the water column (Sakhalin Energy, 2005). 
 
In assessing the impacts we have strived to provide conservative but not overly 
conservative scenarios.  Given the many uncertainties in the dredging operations the 
focus is on the most likely dredge operations and associated effects.   Where potential 
areas of concern are raised, these will need to be dealt with in the Environmental 
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Monitoring Plan (EMP) and associated restrictions on the nature of the dredging 
operations.  The intention is to develop scenarios that are sufficiently conservative in terms 
of assessing environmental impacts but that do not place unnecessarily restrictive or 
onerous (and costly) requirements on the dredging contractors. 
 
 
2.4.2 Option 1:  Cutter Suction Dredger (CSD) and B ackhoe Dredger (BHD) 

2.4.2.1 Description of operation 

In this option a combination of a cutter suction dredger and backhoe is proposed, the 
cutter suction dredger removing the bulk of the material in the Ben Schoeman Dock and 
the backhoe being used in the more difficult to access areas and to dredge berths 601 to 
604 (Figure 2.3). 
 

2.4.2.2 Dredging rates 

Indicative dredging operations have been supplied by Transnet (email: 17 November 
2006).  These suggest a CSD dredging operation of an approximate continuous 11 weeks 
continuous duration sometime during the assumed 136 week total duration of the dredging 
operations.  The amount of material removed and the timing of this dredging within the 
total duration of the dredging operations is necessarily flexible.  The BHD dredging 
operation is planned to be somewhat intermittent as at all times three of the four berths to 
be deepened (Berth 601 to 604) will need to remain in operation. 
 
In developing worst case modelling scenarios we have assumed that both the CSD and 
BHD dredging operations will occur concurrently .  The dredging operations providing 
the “worst case” modelling scenario are as indicated in Table 2.7 below.  Note that it was 
planned that 1 100 000 m3 of material (in-situ volume) would be removed by the CSD, 
however in keeping with our conservative approach and to ensure validity of the EIA in the 
face of potentially changing dredge quantities, we have added an approximate 10% to the 
proposed volumes to be dredged (thus extending the dredge period to 12 weeks).  
Similarly we have added 10% to the volumes to be dredged at the berth locations 601 to 
604. 
 
Two backhoe dredge rates have been assumed, namely a higher rate of 20 000 m3 per 
week and a lower rate of 10 000 m3 per week.  This implies two possible dredge 
operations as indicated in Table 2.7 below.  For the purposes of the modelling, the higher 
backhoe dredge rate is considered to provide the most conservative dredging scenario. 
 
It is assumed that enough barges are available to keep up with the CSD and backhoe 
dredging operations and that different barges will be used for the two dredging operations 
(i.e. the two dredging operations are fully independent of one another). 
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Figure 2.3: Indicative dredging operations with CSD (dredge r ate = 100 000 m 3 per 
week) and a) BHD (dredge rate = 20 000 m 3 per week) or b) BHD 
(dredge rate = 10 000 m 3 per week). 

a

b 

a 
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Table 2.7: Estimated dredge volumes and durations for a combine d CSD and 
backhoe dredging operation. 

 

Method 
Volume to be 

dredged (m 3) *1  
Dredging 
duration 

Dredge Rate 
(m3/week) 

Dredge 
Schedule 

Higher Dredge Rate Scenario 
CSD 1 210 000 12 weeks ~ 100 000 Week 1 to 12 
BHD 143 000 8 weeks ~ 20 000 Week 1 to 8 
Lower Dredge Rate Scenario 
CSD 1 210 000 12 weeks ~ 100 000 Week 1 to 12 
BHD 143 000 16 weeks ~ 10 000 Week 1 to 16 

*1  in-situ volumes that include an additional 10% “safety margin” to ensure validity of the EIA project description. 

 
 

2.4.2.3 Dredge disposal rates 

Assuming: 

·  the volumes indicated above; 

·  the bulking of the dredge material as discussed above (30% material in barge = dry 
density of 795 kg/m3); 

·  hopper barges that may range in size between 2 000 m3 and 4 000m3, 

suggest that for CSD dredge operation a total of 672 hopper barge loads (8 per day) will 
be required and that for the backhoe dredge operation that 112 hopper barge loads (2 per 
day) will be dumped.  We have assumed slightly smaller hopper barge capacities (nominal 
2 500 m3) for the backhoe operations than the CSD dredge operations (nominal 3 500 m3).  
To avoid creating dump mounds of a height significantly greater than the expected 
average sediment depth over the dump-site, each successive dump or grouping of daily 
dumps will be such that the sediment is more or less evenly distributed over the dredge 
disposal site.  The aim is to spread the material evenly by the end of dredging. 
 
At the dumpsite, most of the material will be transferred to the seabed by convective 
descent of the sediment mass.  Kirby and Land (1991) state that less than 5% of the 
material dumped will stay in suspension.  For the modelling, it has been conservatively 
assumed that 10% of the fine sediment (i.e. mud) will initially enter the water column as 
suspended load, while 90% will be deposited on the seabed.  The material deposited on 
the seabed may subsequently be re-suspended during strong wave or current events and 
transported away from the dumpsite as a turbid plume.   
 

2.4.2.4  Sediment loading at the site of dredging 

Kirby and Land (1991) and Pennekamp and Quaak (1990) provide values for the amount 
of sediment that is lost by suspension from the immediate vicinity of the dredger (Sd).  For 
a cutter suction dredger, Sd ranges from 3 to 6 kg dry material per m3 dredged.  Here we 
assume the higher value of 6 kg/m3 to ensure a conservative approach for the EIA.  
 
In addition, should the dredging operation permit lean mixture overboard, then an 
additional  10 kg/m3 for the lean mixture released overboard during filling of the hopper 
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needs to be added to that typically generated by a CSD (CSIR, 2004b).  In the modelling 
undertaken here the turbidity loading (Sd) at the site of dredging is a total of 16kg/m3 (i.e. a 
maximum of 6 kg dry material per m3 dredged at the CSD head and an additional 10 kg 
dry material per m3 dredged for the lean mixture released overboard during the filling of 
the hopper).  For the CSD option this translates into an approximate sediment loading of 
2,67 kg/s as has been assumed for previous such modelling studies (e.g. CSIR, 2004b). 
 
According to Kirby and Land (1991) typical values for Sd (the amount of sediment which is 
lost by suspension from the immediate vicinity of the dredger in kg dry material per m3 

dredged) for a backhoe dredger (without a silt screen) are: 

Large bucket=12 kg/m3; Medium bucket = 17 kg/m3; Small bucket = 25 kg/m3 

Here we assume a medium backhoe and a turbidity loading of 0.5 kg/s to be 
representative of the BHD operation. 
 
2.4.3 Option  2:  Trailing Suction Hopper Dredger ( TSHD) and Backhoe 

Dredger (BHD) 

2.4.3.1 Description of operation 

In this option a combination of a trailing suction hopper dredger and backhoe is proposed, 
the trailing suction hopper dredger removing the bulk of the material in mostly the outer 
area of Ben Schoeman Dock and the backhoe being used in the more difficult to access 
areas, the inner area of the Ben Schoeman dock and to dredge berths 601 to 604 (see 
Figure 2.4). 
 

2.4.3.2 Dredging rates 

Indicative dredging operations by Transnet (email: 17 November 2006) suggest a TSHD 
dredging operation of an approximate continuous 10 weeks duration sometime during the 
assumed 136 week total duration of the dredging operations.  The 136 week window for 
dredging operations is required to ensure the operational of 3 out of the 4 berths  
throughout the full operation. (This means that dredging of the next berth cannot be 
started prior to completion of the dredging of the previous berth.)  It is expected that the 
CSD dredging operations, in reality, will occur within this time period and not necessarily in 
the first 12 weeks.   The amount of material removed and the timing of this dredging within 
the total duration of the dredging operations is necessarily flexible.  The BHD dredging 
operation is planned to be somewhat intermittent as at all times three of the four berths to 
be deepened (Berth 601 to 604) will need to remain in operation. 
 
In developing worst case modelling scenarios we have assumed that both the TSHD and 
BHD dredging operations will occur concurrently .  The dredging operations providing 
the “worst case” modelling scenario are as indicated in Table 2.8 below.  Note that it was 
planned that 950 000 m3 of material (in-situ volume) would be removed by the TSHD, 
however in keeping with our conservative approach and to ensure validity of the EIA in the 
face of potentially changing dredge quantities, we have added an approximate 10% to the 
proposed volumes to be dredged.  Similarly we have added 10% to the volumes to be 
dredged at the berth locations 601 to 604 as well as the backhoe dredging operations in 
the inner areas of the Ben Schoeman Dock where it is proposed that 280 000 m3 needs to 
be dredged. 
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Figure 2.4:  Indicative dredging operations with TSHD (dredge rate = 100 000 m 3 per 
week) and a) BHD (dredge rate = 20 000 m 3 per week) or b) BHD 
(dredge rate = 10 000m 3 per week). 

b 

a 
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Two backhoe dredging rates have been assumed, namely a higher rate of 20 000 m3 per 
week and a lower rate of 10 000 m3 per week. This implies two possible dredge operations 
as indicated in Table 2.8 below.  For the purposes of the modelling study, the higher 
backhoe dredge rate is considered to provide the most conservative dredging scenario. 
 

Table 2.8: Estimated dredge volumes and durations for a combined TSHD and 
backhoe dredging operation. 

 

Method 
Volume to be 

dredged (m 3) *1  
Dredging 
duration 

Dredge Rate 
(m3/week) 

Dredge 
Schedule 

Higher Dredge Rate Scenario 
TSHD 1 045 000 10 weeks ~ 100 000 Week 1 to 10 
BHD 308 000 16 weeks ~ 20 000 Week 1 to 16 
Lower Dredge Rate Scenario 
TSHD 1 045 000 10 weeks ~ 100 000 Week 1 to 10 
BHD 308 000 32 weeks ~ 10 000 Week 1 to 32 

*1  In-situ volumes that include an additional 10% “safety margin” to ensure validity of the EIA project description. 

 
It is assumed that enough barges are available to keep up with the TSHD and backhoe 
dredging operations and that different barges will be used for the two dredging operations 
(i.e. the two dredging operations are fully independent of one another). 
 

2.4.3.3 Dredge disposal rates 

Since the TSHD conducts both the dredging and the dumping operation, definition of the 
dredging cycle is required.  Based on a previous study (CSIR, 2003) on the cycle time for 
a TSHD (i.e. scaling up from this study), the following cycles are defined for the 40 m 
depth dump site (10 km distance) and for the 70 m depth dump site (15 km distance).  A 
5000 m3 TSHD is considered the only viable option due to the impact of a large TSHD on 
the shipping operations within BSD.  The amount of material removed and the timing of 
this dredging within the total duration of the dredging operations is necessarily flexible but 
equates to an approximate effective dredging rate of 100 000 m3 per week. 
 
Typical cycle times when using a trailing suction hopper dredger with a nominal  5 000 m3 
hopper (but loading only to a 30% mixture of sediment) @ 10 km distance (~40m depth) 

Dredging activity 
Time 

(hours) 

Sail to dredging area 10 km 0.60 
Loading 0.88  

Sail to disposal site 10 km 0.80 
Discharging: (split bottom) 0.25  

Total cycle time 2.53 
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Typical cycle times when using a trailing suction hopper dredger with a nominal  5 000 m3 
hopper (but loading only to a 30% mixture of sediment) @ 15 km distance (~65 to 70 m 
depth) 

Dredging activity 
Time 

(hours) 

Sail to dredging area 14 km 0.71 
Loading 0.88  

Sail to disposal site 14 km 0.95 
Discharging: (split bottom) 0.25  

Total cycle time 2.79 

 
Allowing for downtime (i.e. an effective 100 to 140 hours per 168 hour week) we have 
assumed that the TSHD takes 6 trips per day to dump material at the dredge disposal site 
(i.e. a total of 420 dumps during dredging operations). 
 
For a nominal hopper barge size of 2 500 to 3 000 m3, approximately 2 trips will be made 
per day (i.e. 224 dumps during the backhoe dredging operations) to support the backhoe 
dredging operations. 
 
The TSHD operation and the BHD operation will start together and will operate 
concurrently at first.  The longer BHD operation will continue after the TSHD operation is 
finished. 
 
To avoid creating dump mounds of a height significantly greater than the expected 
average sediment depth over the dump-site, each successive dump or grouping of daily 
dumps will be such that the sediment is more or less evenly distributed over the dredge 
disposal site.  The aim is to spread the material evenly by the end of dredging. 
 
As noted above, for the modelling study it is assumed that 10% of the fine sediment will 
initially enter the water column as suspended load, while 90% will be deposited on the 
seabed.   
 

2.4.3.4  Sediment loading at the site of dredging 

For a trailing suction hopper dredger, Sd ranges from 1 to 7 kg dry material per m3 dredged 
(Kirby and Land, 1991 and Pennekamp and Quaak, 1998).  A value of 7 kg/m3, i.e. a value 
slightly higher than for the cutter suction dredger, has been assumed for the modelling 
study (e.g. CSIR, 1999, 2000b).  Added to this is an additional 10 kg dry material per m3 
dredged for the lean mixture released overboard during the filling of the hopper.  An in-situ 
sediment density of 1530 kg/m3 has been assumed in determining the rate of sediment 
loading in kg/s.  For the TSHD this rate is 2.94 kg/s.  As before, we assume a sediment 
loading of 17 kg/m3 for the backhoe dredging operations, resulting in a turbidity loading of 
0.5 kg/s for the BHD operation. 
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2.4.4 Option  3:  Backhoe Dredger(s)  (BHD) only op tion. 

Here the dredging in the Ben Schoeman basin will be undertaken over an extended period 
using backhoe dredgers only.  This will take approximately 68 weeks to complete the 
dredging of 1 230 000 m3 of sediment (Figure 2.5). 
 

2.4.4.2 Dredging rates 

Two backhoe dredge rates have been assumed, namely a higher rate of 20 000 m3 per 
week and a lower rate of 10 000 m3 per week. This implies two possible dredge operations 
as indicated in Table 2.9 below.  For the purposes of the modelling, the higher backhoe 
dredge rate is considered to provide the most conservative dredging scenario. 

Table 2.9: Estimated dredge volumes and durations for a combine d CSD and 
backhoe dredging operation. 

 

Method 
Volume to be 

dredged (m 3) *1  
Dredging 
duration 

Dredge Rate 
(m3/week) 

Dredge Schedule 

Higher Dredge Rate Scenario 

BHD 1 353 000 68 weeks ~ 20 000 

Week 1 to 64 
continuous plus 4 weeks 

to suite maintaining 
operational berths 

Lower Dredge Rate Scenario 

BHD 1 353 000 136 weeks ~ 10 000 

Week 1 to 132  
continuous plus 4 weeks 

to suite maintaining 
operational berths 

*1  In-situ volumes that include an additional 10% “safety margin” to ensure validity of the EIA project description. 

 
It is assumed that enough hopper barges for dredge disposal are available to keep up with 
the backhoe dredging operations. 
 

2.4.4.3 Dredge disposal rates 

For a nominal hopper barge size of 2 500 to 3 000 m3, approximately 2 trips will be made 
per day (i.e. 952 dumps during the backhoe dredging operations) to support the backhoe 
dredging operations.  To avoid creating dump mounds of a height significantly greater than 
the expected average sediment depth over the dump-site, each successive dump or 
grouping of daily dumps will be such that the sediment is more or less evenly distributed 
over the dredge disposal site.  The aim is to spread the material evenly by the end of 
dredging.  As noted above, for the modelling study it is assumed that 10% of the fine 
sediment will initially enter the water column as suspended load, while 90% will be 
deposited on the seabed.   
 

2.4.4.4  Sediment loading at the site of dredging 

As before we assume a sediment loading of 17 kg/m3 for the backhoe dredging operations, 
resulting in a turbidity loading of 0.5 kg/s for the BHD operation. 
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Figure 2.5:  Indicative dredging operations with a Backhoe dr edger only with  a) 
BHD (dredge rate = 20 000m 3 per week) or b) BHD (dredge 
rate = 10 000m 3 per week). 

 

b 

a 
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3. Description of the Environment 
 

3.1 Natural Environment 

3.1.1 Physical features 

Table Bay is a shallow bay located along the south-western coastline of South Africa, with 
an area of approximately 100 km2 and depth reaching 35 m in the centre of the bay and 
increasing to approximately 70 to 80m outside of a line between Mouille Point and the 
western shores of Robben Island.  It is a log spiral bay anchored by rocky headlands at 
Mouille Point in the south and Blouberg in the north and contains Robben Island and the 
important Port of Cape Town. 
 
The seabed is mainly covered by thin layers of sand but has fairly extensive areas of 
exposed bed rock (Woodborne, 1983).  The eastern nearshore region between Blouberg 
and the harbour is generally comprised of fine sand with a tongue of fine sediments 
extending from the nearshore zone seaward to a depth of approximately 25 m between 
Table View and Rietvlei (Figure 3.1).  Smaller pockets of fine sand are found at the bay 
entrance and on the eastern shore of Robben Island. The remaining areas of Table Bay 
are covered by medium sand (Woodborne, 1983; Monteiro, 1997).  The major sources of 
the sand in Table Bay are seasonal (mainly winter) inputs from the Diep and Salt rivers 
and local erosion of Malmesbury shales (Quick and Roberts, 1993) with little appreciable 
sediment supply to the bay from longshore transport from the south. Sediment is 
transported out of Table Bay by local wave and storm driven transport with an estimated 
overall residence time for surficial sediments of estimated at 2-3 years (Monteiro, 1997). 
 
The shoreline of Table Bay (Figure 3.2) from Blouberg to Mouille Point) comprises of 3 km 
of rocky shore (at Blouberg and at Mouille Point), approximately 13 km sandy beach 
(between Blouberg and Table Bay harbour) and 4 km of artificial shore protection and 
breakwaters comprising the Port of Cape Town (CMS, 1998). Robben Island has a total 
shoreline of 9 km, of which some 91% is rocky (CMS, 1998). 
 
3.1.2 Oceanography 

Table Bay is located within the southern Benguela upwelling system and its circulation and 
water properties are characteristic of this region. Water movement within the bay is 
primarily wind-driven, experiencing minor effects from shelf currents further offshore and 
with waves and swell playing an influential role in driving currents in the nearshore. Water 
movement is further influenced by tides although the forcing of this nature is considered 
minor.  
 
Two main systems of water movement have been described by Quick and Roberts (1993), 
namely wind-driven flows in the greater bay and wave-driven flows in the nearshore.  The 
wind-driven currents, described in detail by Van Ieperen (1971), differ from summer to 
winter according to the predominant wind directions. 
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Figure 3.1: Sediment and bedrock distribution in Table Bay (afte r Lwandle, 2006a 
as adapted from  Woodborne, 1983) 
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Figure 3.2: Distribution of rocky shores, sandy beaches, kel p beds, seabird 
colonies and seal populations in Table Bay (after Lwandle, 20 06a). 
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bay. Summer is dominated by strong south-easterly winds, therefore northerly, anti-
clockwise flows occur during the summer months. During summer upwelling, cold water 
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(9° - 13°C) invades Table Bay from the Oudekraal upwelling centre, south of Table Bay, 
resulting in generally shoreward bottom flows. Temperatures can increase rapidly to 
>20°C during relaxation phases of the upwelling cycle as water flows into Table Bay from 
the north and north west (Monteiro, 1997).  Upwelling and solar heating in summer leads 
to a highly stratified water column during summer. 
 
Storms during the winter months bring frequent strong north-westerly wind events to the 
area causing clockwise flow within the central part of the bay. Winter seawater 
temperatures are more uniform than those of summer and fall in the narrow range of 14 - 
16°C. This is a result of no upwelling and strong mixing driven by storms. 
 
Typical wind-driven surface current velocities are between 20 and 30 cm/s (Quick and 
Roberts, 1993) with bottom velocities much reduced to less than 5 cm/s. Such velocities 
would indicate long residence times of water within the bay with average flushing periods 
of 4 days being stated by Quick and Roberts (1993). This particularly applies to the bottom 
waters where van Ieperen (1971, cited in Quick and Roberts, 1993) noted that currents 
were undetectable in 80% of the measurements made over an annual cycle. This 
contrasts with recent estimates of comparatively short residence times for surficial 
sediments in Table Bay, suggesting that the main drivers for sediment turnover are 
episodic winter storms (cf Hill et al., 1994), which probably also completely flushes the 
waters of the bay.  Nearshore currents are wave driven; waves approach the coast 
obliquely (predominantly 200° - 260°) generating a generally northerly longshore current. 
 
The temperature and salinity of Table Bay was investigated by Van Ieperen (1971). 
Salinity ranged between 34.7 and 35.3 ppt with very little difference in values between 
stations across the bay. Two rivers, the Diep and Salt River, flow into Table Bay, which 
would result in lowering of salinity directly in the vicinity of discharge into the bay. When 
either of the rivers experience increased flow, the area of decreased salinity is expected to 
increase.  
 

3.2 Important Marine Ecosystems and Beneficial Uses  

Carter et al. (2003) and Steffani et al. (2003) have provided environmental descriptions for 
Table Bay and the Port of Cape Town based on the available information for the region.  
This has been supplemented by site specific information on the proposed dredge areas in 
the Ben Schoeman Dock basin and two candidate dredge spoil dump sites in outer Table 
Bay (Lwandle, 2006a). 
 

3.2.1 Important Marine Ecosystems 

The natural environment has been extensively described in Lwandle, (2006), the major 
features of this environment being illustrated in Figure 3.2 above.  In their description 
Lwandle (2006a) discuss the following: 

·  The habitats within the bay; 

·  The benthos; 

·  The Table Bay pelagic communities; 

·  The Table Bay harbour communities;  

·  The seabirds and the marine mammals. 
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Important resources and commercial and recreational fisheries in Table Bay include: 

·  Abalone  - three commercial fishing zones exist on the West Coast: one from Cape 
Point to Mouille Point (zone E), one from Blouberg to Cape Columbine (zone G) 
and one at Robben Island (zone F). Most abalones are found on rocky reefs 
shallower than 10 m and are closely associated with kelp beds.  

·  Rock lobster  - the whole of the Table Bay area is a rock lobster sanctuary. Neither 
commercial nor recreational fisheries are therefore taking place there. No actual 
data on poaching exist, but in comparison to other areas poaching seems to be low 
(DEAT/MCM observations).  The rock lobster resource in Table Bay does not seem 
to be significantly different or better than those of the surrounding areas.  
Furthermore, the Table Bay sanctuary does not appear to contribute more eggs 
per area to the total egg production in the West Coast region than other areas, 
including other sanctuaries.  

·  White mussel  - D. serra is harvested recreationally for bait and consumption and 
is thus an important resource species in the area. A large population of D. serra 
occurs at Bloubergstrand (Big Bay) just north of the rocky shores at Blouberg. D. 
serra also occurs at the northern end of Milnerton Beach. No data exist for white 
mussel populations along the southern stretch of Milnerton Beach, but it is likely 
that this species does not occur there or only occurs in very low numbers, since the 
grain size at this beach is too coarse. 

·  Commercial linefisheries - The Table Bay region supports commercial 
linefisheries for hottentot (Pachymetopon blochii), snoek (Thyrsites atun) and other 
species including long fin tuna (Thunnus alalunga), chub mackerel (Scomber 
japonicus) and chokka (Loligo vulgaris reynaudii). Catches are dominated by snoek 
and, to a lesser extent, long fin tuna with hottentot being a minor contributor by 
mass. The number of boats involved in the fishery is relatively large with up to 100 
boats on the water at any one time during snoek 'runs'. The area around Robben 
Island is important for this species. Hottentot are most regularly fished in deeper 
reefs 3.5 – 5.5km offshore located south of Mouille Point.  

In terms of biogeography and unique biodiversity resources, the following observations 
can be made (Lwandle, 2006a): 

·  The rocky shore and sandy beach communities in Table Bay seemingly are typical 
for the West Coast and not unique to Table Bay, the only exception to this - though 
not in terms of species uniqueness but rather in terms of high density and thus 
importance - being the white mussel (D. serra) population at Bloubergstrand (Big 
Bay), which is the densest population of this species at the West Coast  

·  The benthic communities in Table Bay are typical for the West Coast, are not 
unique to Table Bay and cannot be classified as locally, regionally or internationally 
important biodiversity resources.  

·  This rationale also applies to the pelagic fish and marine mammals occurring in 
Table Bay as these are widespread on the South African west (and south) coast. 
Further Table Bay itself does not appear to be critically important either as a 
foraging or breeding area for these fauna.  
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·  The resident seabird community is a strong exception to the above, especially the 
endemic African Penguin and Bank Cormorant. It is estimated that in 2005 >60% 
of the global population of penguins were foraging in continental shelf waters in 
and adjacent to Table Bay; these birds coming from the breeding sites at Dassen 
and Robben Islands (data from Crawford, 2006).  Robben Island is also an 
important breeding site for Bank Cormorants as it represents the third largest 
breeding colony currently in existence. Both of these species have undergone 
severe declines in population size over the last century and are currently classified 
as Vulnerable under the IUCN criteria (Crawford et al.,  1998). However, as pointed 
out above there is justification to reclassify penguins to Endangered. Due to their 
population size, endemism and conservation classification these seabirds 
represent internationally significant biodiversity resources. 

 
3.2.2 Existing beneficial uses 

In assessing potential dredging operations and selecting an appropriate dredge disposal 
site, existing beneficial uses in the region need to be considered.  In the case of Table Bay 
these include: 

·  Marine protected and Conservation Areas that include: 

-  The whole of the Table Bay area is a rock lobster sanctuary. Neither 
commercial nor recreational rock lobster fisheries are therefore taking place 
there. 

-  The Table Mountain National Park Marine Protected Area (MPA) that has an 
associated marine protected area the northern boundary of which extends from 
Mouille Point westward 14 km offshore and then southwards to Cape Point. 

-  Robben Island that is a provincial nature reserve but has no formal marine 
protected area associated with it. For practical purposes the sea area 
encompassed within a radius of 1.83km (1 nautical mile) around the Island can 
be considered to be environmentally sensitive because of its conservation 
importance to African Penguins and Bank Cormorants. 

·  Marine outfalls that include: 

-  the Green Point pipeline; 

-  the Chevron/Caltex pipeline; 

·  Used and disused sea cables (Schoonees, 2006) with landfalls at: 

-   Milnerton and Melkbosstrand and  

-  from Granger Bay and Murrays Harbour and the Port of Cape Town; 

·  Vessel navigation areas and anchorages; 

·  Recreational activities 

Perhaps the most important and sensitive beneficial use is the seawater intake to the 
Two Oceans Aquarium .  In undertaking the dredging it is important that neither the 
suspended sediment concentrations nor dissolved trace metal concentrations in the water 
column exceed those acceptable for maintaining the Two Ocean Aquarium ecosystems. 
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4. Environmental Guidelines 
 

Water quality guidelines relevant to this study are: 

·  The South African Water Quality Guidelines for the Natural Environment that are 
utilized to determine the maximum upper limits for dissolved trace metals in the 
water column as well as an initial guideline for suspended sediments in the water 
column (DWAF, 1995a,b) 

·  the ANZECC (2000) water quality guidelines for a moderately to highly disturbed or 
polluted system (protection of 80% of species with a 95% certainty) that are 
assumed to apply to the water column in the harbour; 

·  Water Quality guidelines for suspended sediment concentrations in the water 
column from dredging activities relevant to West Coast of southern Africa 
(EMBECON, 2004); 

·  The BCLME recommended water quality guidelines for trace metal concentrations 
in the sediments (Taljaard, 2006). 

 

4.1 Water Column Guidelines 

The South African Water Quality guidelines of relevance to water column parameters in 
this assessment are indicated in Table 4.1 below. 
 

Table 4.1: Water Column: Recommended South African wate r quality guidelines 
or target values for the protection of marine ecosystems 

�	
����
�
�� ����������
���
The following target values apply to marine waters outside a specific sacrificial zone: 

Colour/turbidity/clarity 

Should not be more than 35 Hazen units above ambient 
concentrations (colour) 
 
Should not reduce the depth of the euphotic zone by more than 10 % 
of ambient levels measured at a suitable control site (turbidity) 

Suspended solids Should not be increased by more than 10 % of ambient 
concentrations.  This is largely based on aesthetic impacts. 

Dissolved oxygen Dissolved oxygen should not fall below 5 mg/�  (99 % of the time) and 
below 6 mg/�  (95 % of the time) 

Ammonium, Nitrate, 
Nitrite, Phosphate, 
Silicate 
 

Waters should not contain concentrations of dissolved nutrients that 
are capable of causing excessive or nuisance growth of algae or other 
aquatic plants or reducing dissolved oxygen concentrations below  the 
target range indicated for Dissolved oxygen (see above) 

Ammonia 20 µg N per litre (as NH3) or 600 µg N per litre (as NH3 plus NH4
+) 

Arsenic (As) 12 µg/�  
Cadmium (Cd) 4 µg/�  
Chromium (Cr) 8 µg/�  
Copper (Cu) 5 µg/�  
Lead (Pb) 12 µg/�  
Mercury (Hg) 0.3 µg/�  
Nickel  (Ni) 25 µg/�  
Zinc (Zn) 25 µg/�  
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The background levels of dissolved trace metal concentrations in the harbour and 
surrounds are elevated compared to what would normally be expected in a natural 
ecosystem.  This is not surprising as it is a working harbour that receives storm water from 
the surrounding urban areas.  For this reason more appropriate water quality guidelines for 
the harbour waters are those proposed in the ANZECC water quality guidelines for 
moderately to highly disturbed systems (i.e. protection of 80% of the species with a 95% 
certainty – Table 3.4.1 in AZECC, 2000).  The full justification for the use of these 
guidelines is given in Lwandle (2006a).  These guidelines are listed in Table 4.2 below. 

 

Table 4.2:  ANZECC (2000) water quality guidelines of rel evance to the Port of 
Cape Town ( i.e. a moderately to highly disturbed ecosystem) 

�	
����
�
�� ����������
���

Cadmium (Cd) 36 µg/�  
Chromium (Cr) 85 µg/�  
Copper (Cu) 8 µg/�  
Lead (Pb) 12 µg/�  
Nickel  (Ni) 560 µg/�  
Zinc (Zn) 43 µg/�  

 
 
The South African Water Quality guidelines for suspended solids (i.e. the suspended 
solids should not be increased by more than 10 % of ambient concentrations) is not 
believed to be appropriate here.  More site-specific guidelines targeting dredging 
operations have been developed for South African west coast systems (EMBECON, 2004) 
and from more detailed studies undertaken for Table Bay (Steffani et al., 2003).  Proposed 
guidelines for suspended solids in the water column from these studies are: 

·  Steffani et al. (2003) identified ecologically sensitive areas in and around Table 
Bay. These sensitive areas are the kelp beds found close to the shoreline around 
Robben Island, as well as the kelp beds of the Cape Point National Park. They also 
established guideline suspended sediment concentration levels for these 
ecologically sensitive areas: 

-  < 20 mg/l, low risk, monthly average goal; 

-  20 - 80 mg/l, medium risk, permissible for short periods, that is, 2 days to 3 
days; 

-  > 80 mg/l, unacceptable high risk, requires mitigation action. 

·  In a subsequent EMBECON (2004) the available scientific literature on the effects 
of varying suspended sediment concentrations on a range of biota was reviewed 
and showed that total suspended sediment concentrations <100mg/l represented 
limited risks for biota .   

·  For sediments with comparable levels of contamination to those in the Ben 
Schoeman Dock basin, Lwandle (2006a) refer to Geffard et al. (2002) data that 
indicate that significant toxicity effects (chronic deformations in 20% of oyster 
embryos after 24 hour exposures, i.e. 24hr EC20); may be generated at 2000 mg/l 
suspended sediment . This is a high concentration and is not predicted to occur 
outside of the immediate dredge area but nevertheless is adopted as one of the 
water quality guidelines for suspended sediments in this assessment. 
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The application of water quality guidelines generally require that the background (or 
ambient) suspended sediment concentrations are known, however usually the ambient 
suspended sediment concentrations are unknown.  In addition, ambient suspended solids 
concentrations vary considerably over time, as well as spatially over the study area (see 
Figure 4.1). Short-term events such as storms can increase the suspended sediment 
concentration by two orders of magnitude for short periods as can river inflows.  
Nearshore organisms therefore experience and survive large fluctuations in suspended 
sediment concentrations (CSIR, 1998).  
 
 

 
 
 

Figure 4.1: Discoloration of the water in Table Bay due to river inflows from the 
Salt River and the Diep River. 

 
The background suspended sediment concentrations are largely unknown in Table Bay 
but can be assumed largely to lie within the west coast mean range of 1 to 14mg/l (CSIR 
1992, 1995a).  A recent study (CSIR, 2003b) suggested a larger range of suspended 
sediment concentrations in Table Bay of between 1 mg/l and 44 mg/l.  Generally, in 
deeper water lower ambient concentrations can be expected whilst significantly higher 
concentrations usually occur over sandy seabeds as is the case in Table Bay. 
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Considerably higher suspended sediment concentrations can occur during storms. 
Extensive measurements at a number of locations in Table Bay are required to improve 
these estimates. 
 
The limited number of suspended sediment concentrations within the harbour (CSIR, 
unpublished data) indicate relatively high suspended sediment concentrations compared 
to the admittedly sparse measurements made in west coast waters.  The mean suspended 
sediment concentration measured in the harbour is 30mg/l (compared to the expected 
west coast mean range of 1 - 14mg/l) with a minimum of < 1 mg/l and a maximum of > 
80 mg/l being observed.  Secchi disc measurements suggest suspended sediment 
concentrations of the order of 50 mg/l in the harbour (Lwandle, 2006a).  Further, there are 
no apparent gradients in the CSIR data for the harbour either between the measurement 
sites or between sample depths (Lwandle, 2006a). It therefore appears that the particulate 
material is more or less uniformly distributed throughout the harbour system.   The 
inference is that both the biofouling community on the harbour walls and benthos in the 
sediment have accommodated this variability. 
 
The background concentration of dissolved metals (and suspended sediment 
concentrations in both Table Bay (and offshore) and the harbour (and environs) are listed 
in Table 4.3 below. 
 

Table 4.3: Background values of water column constituents. 

 

Constituent 

Background 
concentration in 
Table Bay and 
surrounds* 1 

(mg/l) 

Background 
concentration in the  

Port of Cape Town and 
its immediate 

environs* 2 
(mg/l) 

Trace Metals 

Arsenic (As) 0.002 300 - 

Cadmium (Cd) 0.000 108 0.000 66 

Chromium (Cr) 0.000 071 0.002 98 

Copper (Cu) 0.000 899 0.001 52 

Mercury (Hg) 0.000 055 - 

Nickel (Ni) 0.000 563 0.001 33 

Lead (Pb) 0.000 150 0.000 74 

Zinc (Zn) 0.006 590 0.007 05 

Suspended Sediments 

Suspended Sediments 1 to 14 mg/l *3 30mg/l ± 15mg/l 
 
*1 South African Water Quality guidelines for the Natural Environment (DWAF, 1995a,b). 

*2 CSIR, unpublished data from surveys funded by the National Ports Authority, Port of Cape Town. 

*3 Considered to represent the range of median suspended sediment concentrations 
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The modelling results have been set-up to simulate the transport and fate of a generic 
dissolved contaminant (trace metal) in the water column comprising the total metal 
concentration (i.e. sum of all trace metals) deemed to enter the water column.  Based on 
the elutriation tests (appendix A) we have assumed that no more than 0.2% of the total 
metals enter the water column on a more or less persistent basis.  The trace metal 
concentrations in the model have been transformed into achievable dilutions of 
contaminant in the water column. The achievable dilution (AD) in the model simulations is 
calculated as  
 
 
 

To assess compliance of individual trace metals against the relevant water quality 
guidelines, the required dilutions of any specific trace metal to ensure compliance with its 
associated water quality guideline has been determined for both South African Water 
Quality guidelines (DWAF, 1995a,b) and the ANZECC (2000) water quality guidelines.  
The required dilutions to ensure compliance are dependant on the assumed background 
trace metal concentrations as these determine how “effective” the dilution process is in 
lowering trace metal concentrations in the water column.  The required dilutions for 
compliance with the relevant water quality guidelines are calculated as follows: 
 
 
 
 
 

To obtain estimates of the concentration of individual trace metals entering the water 
column at source, we have assessed the ratio of an individual trace metal concentration to 
that of the total metal concentrations in the sediments (Table 4.4) and have assumed that 
the proportions of individual trace metals entering the water column are similar to these 
ratios.  The data used are the CSIR 2005 and 2006 survey data.  The ratios are 
remarkably consistent.  To be conservative we have used the 90%tile value of this ratio 
rather than the mean or median to estimate individual loads of trace metals entering the 
marine environment as this implies higher loads of trace metal concentration per individual 
constituent. 
 
Table 4.4: Ratio of individual trace metal concentrations to  the total trace metal 

concentrations in the sediments of Ben Schoeman Dock.  
 
 As Cd Cr Cu Hg Ni Pb Zn 

Mean 2.27 0.46 16.5 16.7 0.27 6.9 16.5 40.5 
Median 2.51 0.43 15.0 17.1 0.21 6.0 17.9 40.0 
Std dev 0.59 0.17 5.3 4.4 0.30 2.5 3.3 2.6 
No of samples 18 18 18 18 18 18 18 18 
90%tile 2.8 0.61 18.6 19.2 0.31 10.5 18.6 42.4 

 
 
The required dilutions for individual trace metals to ensure compliance with the South 
African Water quality guidelines are given in Table 4.5 for both the offshore regions (i.e. 
relatively pristine ecosystem) and for the harbour area (disturbed ecosystem).  Similar 
required dilutions to ensure compliance with the ANZECC water quality guidelines in the 
harbour are listed in Table 4.6. 
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Table 4.5: Required dilution of trace metals to ensure com pliance with the South 
African Water quality guidelines (DWAF, 1995a,b). 

 

Trace Metal 
 

Ratio of 90%tile trace 
metal concentration 
of specified trace 

metal  to total metal 
concentration 

(%) 

Concentration 
at discharge 

 
 (mg/l) 

Background 
concentration 
offshore (mg/l) 

Required 
dilution 
offshore 

 

Background 
concentration 

in harbour 
(mg/l) 

Required 
dilution in 

harbour and  
surrounds 

As 2.8 0.021 0.002300 2 - - 
Cd 0.6 0.005 0.000108 2 0.000 66 2 
Cr 18.6 0.138 0.000071 18 0.002 98 27 

Cu 19.2 0.143 0.000899 35 0.001 52 41 

Hg 0.3 0.002 0.000055 10 - - 

Ni 10.5 0.078 0.000563 4 0.001 33 4 

Pb 18.6 0.139 0.000150 12 0.000 74 13 

Zn 42.4 0.316 0.006590 17 0.007 05 18 

 
 

Table 4.6: Required dilution of trace metals to ensure compli ance with the 
ANZECC quality guidelines (ANZECC, 2000).  

 

Trace Metal 

Ratio of 90%tile trace 
metal concentration 
of specified trace 

metal  to total metal 
concentration 

(%) 

Concentration 
at discharge  

 
(mg/l) 

Background 
concentration 
offshore (mg/l) 

Required 
dilution 
offshore 

 

Background 
concentration 

in harbour 
(mg/l) 

Required 
dilution in 

harbour and 
surrounds 

As 2.8 0.021 0.002300 - - - 

Cd 0.6 0.005 0.000108 1 0.000 66 1 

Cr 18.6 0.138 0.000071 2 0.002 98 2 

Cu 19.2 0.143 0.000899 21 0.001 52 22 

Hg 0.3 0.002 0.000055 - - - 

Ni 10.5 0.078 0.000563 1 0.001 33 1 

Pb 18.6 0.139 0.000150 12 0.000 74 13 

Zn 42.4 0.316 0.006590 9 0.007 05 9 

 
 
Note that although the required dilutions have been calculated for all background levels for 
both the South African water quality guidelines and the ANZECC guidelines, only the 
required dilutions in the highlighted columns are considered relevant (i.e. the required 
dilution to ensure compliance with the South African water quality guidelines in the 
offshore region and the required dilution to ensure compliance with ANZECC water quality 
guidelines in the harbour and its surrounds. 
 
In terms of visual impacts, it is the visibility of sediment plumes that are of concern.  
Although no water quality guideline exists in this regard, the question is at what suspended 
sediment concentrations do sediment plumes become visible.  The visibility of plumes 
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depend on a number of variables such as the nature of the sediments in the plume, 
background suspended sediment concentrations in the water column, sea state, light 
conditions and the vantage point from which the plumes are being viewed. 
 
The sediments being disposed of from the Ben Schoeman Dock are a dark coloured mud 
that would more likely be less visible than plumes comprising lighter sediments (i.e. would 
be more like the discoloration of the nearshore waters due to inflows from the Salt River 
than those from the Diep River in Figure 4.1).  Furthermore, inspection of a number of 
aerial photographs taken on different occasions revealed that plumes would regularly be 
observed along the shores of Table Bay (CSIR, 2003) if not in the harbour and further 
offshore.  Plume would also be rendered less visible by the vantage point.  Figure 4.2 is 
the same scene as in Figure 4.1 but from a simulated viewpoint of the top Cable Station 
on Table Mountain.  From such an oblique angle the plumes become significantly less 
visible both in the bay and the harbour. 
 
 
 

 
 

Figure 4.2: Oblique view of the surface water of Table Bay fr om a simulated 
vantage point on Table Mountain for the same period as in Figure 4 .1. 
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Figure 4.3: Sediment plume in Hong Kong (from Evans, 1994). 
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However Evans (1994) noted that sediment plumes appear (visually) to be worse than 
they actually are in reality.  For example, he showed an image of a pronounced plume 
around a dredger, however within 100 m of the dredger the concentrations varied between 
only 75 mg/l and 150 mg/l (Figure 4.3). 
 
 

At Elizabeth Bay in Namibia highly visible nearshore plumes had concentrations of 
between 10 mg/l to 54 mg/l, while  more recent studies of sediment discharged from 
marine dredging operations on the West Coast of southern Africa CSIR, 2006c) indicated 
that plumes became visible at suspended sediment concentrations of between 9 and 13 
mg/l with a significantly more visible plume occurring at a concentration of 23 mg/l.   Thus, 
consistent with previous studies of Table Bay (CSIR, 2003; Schoonees, 2006), we assume 
that plumes will become visible in the bay at elevated suspended sediment concentrations 
of 10mg/l or higher.  Consistent with this assumption, we have chosen a suspended 
threshold of approximately 40 mg/l to represent the visibility threshold for plumes within 
the confines of the harbour.  Given that the background turbidity is not simulated in the 
model results, we have chosen a threshold of +10 mg/l in the model results (i.e. 
background of 30 mg/l + 10 mg/l threshold) to be indicative of plume visibility in the 
harbour. 
 
 

4.2 Sediment Quality Guidelines 

In principle, no parameter should accumulate in the environment to such an extent that it 
adversely affects marine ecosystem functioning.  As the South African water quality 
guidelines (DWAF, 1995a,b) currently do not recommend target values for trace metals in 
sediments, the guidelines used here are: 

·  the suggested levels of ANNEX I and ANNEX II substances under the London 
Convention, particularly aimed at dredge dumping at sea; 

·  the target values proposed in the BCLME report (Taljaard, 2006a).  The target 
values recommended for the BCLME region were derived from guidelines originally 
developed by the National Oceanic and Atmospheric Administration in the United 
States (NOAA, 1999) and later refined by MacDonald et al. (1996).  These same 
guidelines (or slight variations thereof) were also adopted as interim target values 
by Australia and New Zealand (ANCEZZ, 2000) and Canada (CCME, 1995). 

 
Sediment guidelines of relevance in this regard are summarised in Table 4.7 below. 
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Table 4.7: Sediments: Recommended water quality guidelines or  target values 
for the protection of marine ecosystems in southern Afri ca. 

London Convention Target 
Value 

(mg/kg dry weight) 

BCLME 
Target Value 

(mg/kg dry weight) Constituent 

Special Care Prohibition TEL** PEL** 
Annex I  

  Cadmium (Cd) 1.5 – 10.0 > 10.0 0.68 4.21 

  Mercury(Hg) 0.5 – 5.0 > 5.0 0.13 0.70 

  Combined levels of Annex I metal 
  (i.e. Cd and Hg) 

1.0 – 5.0 > 5.0 - - 

Annex II  

  Arsenic (As) 30 – 150 > 150 7.24 41.6 

  Chromium (Cr) 50 – 500 > 500 52.3 160.0 

  Copper (Cu) 50 – 500 > 500 18.7 108.0 

  Lead (Pb) 100 – 500 > 500 30.2 112.0 

  Nickel (Ni) 50 – 500 > 500 15.9 42.8 

  Zinc (Zn) 150 - 750 > 750 124.0 271.0 

Combined levels of Annex II metals 
 (i.e. As, Cr, Cu, Pb, Ni & Zn) 

50 – 500 > 500   

Oils* 1000 – 1500 > 1500 - - 

Cyanides - 0.1 - - 

Organohalogens 0.05 – 0.1 > 0.1 - - 

* Screening and maximum level thresholds are from DEA&T (1998) and Taljaard (2006). 

** The terminology of TEL and PEL is taken from MacDonald et al. (1996). TEL and PEL are 
calculated from effect and no effect data: TEL represents a threshold value below which in situ 
adverse biological effects are considered unlikely; PEL represents a threshold above which in situ 
adverse biological effects are probable.  These thresholds are described in greater detail in the 
Glossary of this report and are motivated in Taljaard (2006). 
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5. Dredge Disposal Site Selection and Characterisat ion 
 
Appropriate dredge disposal sites need to be identified.  Site selection criteria are detailed 
below, based on which certain sites have been screened out, and others identified. The 
two dredge disposal sites, identified as being the most appropriate based on existing 
knowledge at the time of site selection, have been characterised in sufficient detail to 
provide the information required to undertake an assessment of potential ecological 
impacts of dredge disposal at these sites and to provide the requisite ecological baseline 
for the monitoring of future impacts as required in terms of LC for permitting processed. 
 

5.1 Site Selection Criteria 

In selecting a site for dredge disposal a balance is sought between the potential 
environmental risks, technical risks and the project risk  (e.g. commercial viability, 
project time-scales, etc). The site selection criteria that need to be considered thus 
include: 

·  Legal requirements for disposal;  

·  Potential environmental impacts (protection of ecosystems and existing beneficial 
uses); 

·  Economic and Operational feasibility (e.g. project timescales, technical feasibility 
and commercial considerations). 

The site selection has been undertaken in terms of the London Convention Dredged 
Material Assessment Framework that constitutes an adequate framework/process 
provided that South Africa’s existing international obligations, policies and legislation are 
taken into account, as has been done here. 
 
 
 
 
 
 
 
 
 
 
 
 
 

There exist specific guidelines for the dredge disposal site selection and assessment of 
dredged material in terms of the London Convention and 1996 Protocol.  These are 
listed as: 

·  Environmental considerations 

-  physical, chemical and biological characteristics of the water-column and 
the seabed; 

-  location of amenities, values and other uses of the sea in the area under 
consideration; 

-  assessment of the constituent fluxes associated with dumping in relation to 
existing fluxes of substances in the marine environment; 

·  Economic and Operational feasibility. 

These are compatible with the selection criteria listed at the beginning of this section. 
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The site selection for the disposal of dredge material from the Ben Schoeman Dock berth 
deepening project is described below, the assumption being that the dredge material (for 
various technical, environmental and commercial reasons) is not suitable for other 
potential beneficial uses such as being used for fill or beach nourishment, etc, as 
confirmed in previous studies (Schoonees, 2006, CSIR, 2006d).   
 
Typically site selection needs to be undertaken using the information available at the 
time of site selection  both in terms of the project description  (i.e. estimates of the 
quantity and quality of material to be disposed at the site, likely dredge technologies to be 
used, project time-scales) and in terms of the environmental information available  to 
undertake the site selection (i.e. existing field measurements and published literature).  
Where deficient such information typically will need to be supplemented by field 
measurements/studies. 
 

The primary consideration in selecting a dredge disposal site is necessarily that of 
minimising environmental risks, but within reasonable operational and economic 
constraints.  These include risks in terms of 

·  protection of natural environment (biodiversity and ecosystem function/health) 

·  other beneficial or designated uses in the region of interest (these include 
navigational risks, aesthetics, tourism, recreation, fisheries and specific industrial 
uses). 

As stated previously there should be due consideration of alternative yet viable beneficial 
uses of the dredge material as well as the availability of viable alternative land-based 
methods of treatment, disposal or elimination. 
 

5.1.1 Protection of natural environment 

In terms of protecting the natural environment the information required in selecting 
dump-site  should include: 

·  The nature of the seabed, including its topography, geo-chemical and geological 
characteristics (sediment grain-size, etc), its biological composition and activity and 
prior dumping affecting the area.   

·  The physical nature of the water column, including temperature, depth, possible 
existence of thermoclines and their variability, wind-driven and tidal currents, wave 
turbulence and stirring effects, suspended sediment concentrations, etc. 

·  The chemical and biological nature of the water column, including pH, salinity, 
dissolved oxygen at the surface and bottom, chemical and biogeochemical oxygen 
demand, nutrients and primary productivity  

In terms of the natural environment, dredge disposal site selection criteria  should 
include: 

·  Ecological sensitivity of the site: To minimise ecological impacts , in principle, 
where feasible: 

a. sediment derived from dredging should be disposed of at a site where 
seabed sediment composition is similar to that of the sediment to be 
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disposed of (thus reducing the sensitivity of the receiving environment to 
the material being disposed of at the dredge disposal site), and; 

b. the dredge material disposed of at the dredge disposal site should either 
retained in a discrete area (if of different composition to the receiving 
environment) or allowed to disperse to facilitate habitat recovery. 

Here the principle has been followed that sediments should not be disposed of in 
rocky areas or over reefs.  For this reason, areas where the seabed comprises 
loose sediments, preferably fines, have been targeted in selecting suitable sites.  A 
further criterion is that the dredge disposal site should be chosen to limit impacts 
on  biodiversity and/or rare and endangered species 

·  Dispersive nature of the site:   Based on the seabed topography and sediment 
grain sizes and other characteristics, together with a knowledge of the wave and 
wind-driven turbulence and flows, one is able to assess the potential mobility and 
subsequent distribution of dredge material dumped at the site which is an important 
factor in site selection.  Depending on the contaminant status of the sediments it 
may be desirable to isolate the dredge material in a particular site or alternatively 
the dredge site may be chosen to allow dispersal of the sediments widely (aiding 
recovery at the dredge disposal site).  In shallow water depths, the potential for the 
remobilisation and dispersal of disposed sediment at the seabed through wave and 
current activity is potentially greater than in deeper water depths. In deeper water, 
fine sediment dispersal can be increased at the time of dumping as the material 
falls through the water column.   A further factor in whether the dredge material is 
dispersed from the site, is the nature of the dredge disposal at the site (e.g. 
instantaneous dump versus purposeful slow release over a distance) which may be 
a significant factor in determining the initial sediment dispersal. 

·  Minimising impacts in ecologically sensitive areas :  Dredge spoil should be 
disposed of at a site that is “downdrift” of ecologically sensitive areas to limit 
impacts of any dispersed material from dredging and dredge disposal activities.   

·  Avoidance of shoreline stability impacts :  Should the dump-site be located in 
too shallow waters or should the quantity of material to be disposed of be such that 
there are changes in water depth of sufficient magnitude to result in significant 
changes to the waves, there may be shoreline stability impacts (e.g. coastal 
erosion).  These need to be avoided.  While these effects undoubtedly do have an 
impact on ecology, by far the greatest impacts will be on coastal infrastructure 
should these impacts arise. 

·  Existing dredge disposal sites and associated impacts : Should there be 
existing dump-sites or sites where historical dumping activities have occurred, it 
may be preferable to select such potentially impacted sites for further disposal 
activities. 

·  Ability to characterise the site and monitor potential dredge impacts :  Ideally 
the site should be located in such a manner that it is feasible (within resources and 
facilities available, budgets and project timelines) to characterise the dredge 
disposal site.  The characterisation of the site and monitoring of environmental 
effects may be technically compromised in deeper water depths and more remote 
dredge disposal sites (i.e. due to the difficulty of sampling at depth and the costs of 
doing so).   
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5.1.2 Existing beneficial uses 

In selecting the dump-site, existing beneficial uses in the region need to be considered.  
These are listed in Section 3.2.2 of this report. 

In addition the dredge material could have beneficial uses such as being used for fill or 
beach nourishment and these need to be considered where appropriate. 
 

5.1.3 Economic, Technical and Operational feasibili ty. 

The economic, technical and operational feasibility includes issues such as: 

·  The technical feasibility  of the dredge operation proposed.  Given limitations on 
the availability of dredge equipment, options in this regard need to remain flexible, 
i.e. the site selection and associated assessments should ideally not be restricted 
to specific dredge technologies; 

·  Project timescales : Some of the sites proposed may require surveys and/or 
studies that would compromise project timelines, as would extended dredging 
operations if required/proposed to minimise potential environmental impacts; 

·  Commercial considerations :  The site selection and dredge activities should be 
such that there is a balance between risks to the environment and commercial 
costs and risks, i.e. the dredge disposal sites need to be an “economical” sailing 
distance from the dredge disposal sites. 

 

5.2 Selection of appropriate sites for dredge dispo sal  

Based on the above considerations as well as previous studies a number of sites were 
selected for screening.   
 

5.2.1 Screening of previously  proposed dredge disp osal sites 

Previous studies (Schoonees, 2006) considered four possible dredge disposal sites:  

·  Option 1:  A nominal deep water site (> 40 m water depth).  At Cape Town the 
40 m contour is approximately 7 km from the harbour entrance; 

·  Option 2:  A nearshore disposal site in between 15 and 20 m water depth (Site 3 in 
Figure 5.1); 

·  Option 3:  A shallow water dredge disposal site in between 5 and 8 m water depth 
(Site 4 in Figure 5.1); 

·  Option 4:  Pumping of spoil onto a wetted beach or rainbowing it into the surf zone 
in the “corner”, the “corner” being where the revetment adjacent to the container 
terminal meets the beach immediately north-eastwards of the revetment (Site 5 in 
Figure 5.1). 

Only the first two options were deemed to be potentially viable as the visual and ecological 
impacts of the latter two nearshore sites are deemed to be medium to high.  In addition 
there are concerns that it would prove difficult to assess with confidence the potential 
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health aspects of dredge disposal close to recreation areas and also that the aesthetic 
impacts of the disposal of dredge material (visual impacts of turbid plumes and colour of 
sediments potentially deposited on the shoreline) are likely to be unacceptable, particularly 
along the eastern shoreline of Table Bay.  Option 2 also was deemed to have a 
significantly elevated risk in terms of the above impacts, compared to Option 1.  It was 
therefore decided to investigate only the offshore option, namely two offshore sites, one in 
nominally a 40m water depth where the sediment mobility (particularly of the mud fraction) 
is high and a deeper site in a 70 m to 100 m water depth where the sediment mobility 
would be much lower (Sites 1 and 2 in Figure 5.1). 
 
One further alternative is the “official” dredge disposal site identified for the Ports of Cape 
Town and Saldanha in CSIR (1991) that is located in a water depth of 3 500 m at 33°30’S; 
15°30’E some 150 nautical miles (or approximately 275 km) offshore of the Port of Cape 
Town.  The use of this site has been rejected as being unnecessarily conservative and not 
a viable alternative to the two sites proposed below for the following reasons: 

·  Use of this site would result in excessive dredging costs as it would take 
approximately a full day for each hopper barge to sail out to the site and dump its 
load.  This would necessitate the use of 6 to 8 times more resource in terms of 
hopper barges.  Furthermore, the use of this site would certainly preclude an 
trailing suction hopper dredger option, the option that would provide the shortest 
duration dredging operation. 

·  The use of this site is also likely to result in a significantly large dispersal of the 
muds into the water column during disposal due to the manner in which sediments 
travel through the water column towards the seabed (i.e. dynamic collapse in the 
water column of the fines in the sediment as the dredge material falls towards the 
seafloor, resulting in the wide dispersal of the muds in the mid water column). 

·  Site characterisation, if required, would also be problematic due to the equipment 
required, the costs involved and the impact that these activities would have on the 
proposed project schedule.   

·  Similarly, any monitoring activities, if required, would be logistically more difficult 
and costly.    

 
5.2.2 Selection of the presently proposed dredge di sposal sites 

A significant constraint in terms of the selection of a disposal site is that only limited data 
exist on the nature of the seabed (although more recently further surveys have been 
undertaken).  Based on the best data available at the time of site selection, namely a high 
resolution bathymetry chart of Table Bay and its immediate environs extending westward 
to approximately 18° 20’ E (Figure 2, Woodborne , 1982), two proposed dredge disposal 
sites were selected.  The first is in a 65 m to 75 m water depth extending beyond the 
western extremity of the original bathymetric chart (Site 1 in Figure 5.1 ) and the second a 
shallow site in a 40 m water depth (Site 2 in Figure 5.1). The areas selected were those 
with less fragmented contours, where it was assumed that there existed a sandy bottom 
as opposed to a rocky bottom and reefs. 
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Figure 5.1:  Possible dredge disposal sites for material fro m the Ben Schoeman 
Berth Deepening project.  Note that only sites 1 and 2 a re considered 
in detail in this study (Figure adapted from Lwandle, 2006b) . 

 
Subsequent to the initial site selection that informed the field surveys, a high resolution 
bathymetry chart was obtained (Figure 5.2) that extended further westwards (UCT Marine 
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Geoscience, 1983).  This chart confirmed that the deeper site  selected (Site 1 in Figure 
5.2) indeed was likely to be covered in sediment rather than rock.  The chart also 
confirmed that the deeper site, if moved or extended further westward into deeper water, 
would encounter a rocky bottom.  Only a move in a northwesterly direction would be likely 
to ensure a disposal site with a sandy bottom.  The shallower site (Site 2 in Figure 5.2 ) 
constituted a small patch of sand surrounded by rocky reefs. 
 
The primary selection criterion used to select the two presently proposed dredge disposal 
sites is that, where feasible, sediment derived from dredging should be disposed of at a 
site where seabed sediment composition is similar and mate rial is either retained in 
a discrete area  (if of different composition to the receiving environment) or be allowed to 
disperse to facilitate habitat recovery .  The principle followed is that sediments should 
not be disposed of in rocky areas or over reefs.  For this reason we have targeted area 
where the seabed comprises loose sediments, preferably fines.  A further criterion is that 
the dredge disposal site should be chosen to limit impacts on biodiversity and/or rare and 
endangered species.   The above philosophy of disposing the dredge material on the 
seabed where the sediment composition is similar, is consistent with minimising these 
impacts.  Other criteria included: 

·  That the two sites selected would have significantly different characteristics in 
terms of sediment mobility , the deeper site retaining sediments more effectively 
(i.e. limiting the distribution of the fines and their associated contaminants and also 
limiting water column turbidity).  The choice of an even deeper site would reduce 
the mobility of sediments further.  (It is estimated that a water depth of 120 m or 
more would be required to ensure almost no movement of the mud fraction and its 
associated trace metal contaminants under major storm conditions). 

It is expected that the sediment mobility would be much higher at the 40 m site and 
that the fine sediments and muds (and associated trace metal contaminants) would 
be widely dispersed but possibly generating too high levels of turbidity (in terms of 
both aesthetic and ecological impacts) when doing so.   

Further, it is expected that very little of the contaminants will enter the water 
column at the dumpsite, i.e. become bio-available. The elutriation tests as 
undertaken in the specialist studies confirm this to be the case.  The trace metals 
seemingly will largely remain bound to the sediments during dredging, in the 
hopper and after disposal.  This implies that although the contamination of the 
sediments exists that very little of the trace metals will be bioavailable at and 
surrounding the dump-site and will remain associated with the fine sediments as 
they are dispersed.)  It is not clear whether containment of the contaminated 
sediments to the dump-site is desirable, as under conditions of limited 
bioavailability of the trace metals in the sediments, it may be better to disperse the 
contaminated sediments.  It is considered that dispersed muds are very unlikely to 
accumulate for any significant duration anywhere in Table Bay due to the prevailing 
wave and current regime.  Any accumulation of fines, if it was to occur, is 
considered likely only in the more quiescent regions of the bay, namely on the 
eastern side of Robin Island and in the SE corner of the bay near the Salt River 
mouth.  The model results provide an indication of the extent to which this occurs 
from both the dredging activities and the sediments being remobilised from the 
dredge disposal sites. 
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Figure 5.2:   Bathymetry chart with high resolution  1 m contour intervals (UCT Marine Geoscience, 1983 ). The red blocks indicate 

the proposed dredge disposal sites.  The blue dashe d outline indicate the extent of the original lower  resolution 
bathymetry chart upon which the site selection was based prior to the surveys to characterize the dump -sites. 
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The site needed to be located far away from existing sensitive sites .  The two 
sites chosen are located away from all ecologically sensitive areas, except for the 
Table Mountain Marine Protected Area that is located just south of the deeper 
dumpsite (Site 1).  Further, it is difficult to locate the dredge disposal site 
“downdrift” of sensitive sites as the hydrodynamic regime of the bay is such there is 
a reversal of flow between seasons.  Under summer season dredge disposal 
scenarios there is a general northward flow and anti-clockwise circulation in Table 
Bay.  In summer the water column is stratified and upwelling draws cold bottom 
water across the disposal sites and into Table Bay.  There are thus likely to be 
greater sediment impacts in Table Bay.  The wave conditions in summer are less 
harsh than in winter resulting in less sediments being stirred up compared to 
winter, however it is expected that due to the water column stratification that 
prevails in summer that those sediments entering the water column will remain 
trapped close to the bottom and will persist for longer in the bay before being 
flushed (as the bottom currents in summer are expected to be weaker than those in 
winter when the water column is more well-mixed).  In winter upwelling is limited 
and downwelling is expected to be more prevalent.  The water column is largely 
mixed and flows are often clockwise in the bay and south to south-west across the 
proposed dump-sites thus limiting sediment movement into Table Bay and 
associated impacts.  However sediment entering the water column at the disposal 
site then has a greater chance of moving southwards towards the Table Mountain 
Marine Protected Area. The higher waves and increased storminess in winter are 
likely to stir up more sediments into the water column which are however are more 
likely to be mixed throughout the water column rather than remain trapped near the 
bottom as is expected in summer.  This results in generally reduced suspended 
sediment concentrations near the seabed in winter.  Due to the high wave stresses 
that generally prevail in winter it is expected that few if any of the muds stirred up 
into the water column will settle in the bay but will rather be flushed fairly rapidly 
from the bay.   

·  The sites were selected so as to avoid potential shoreline stability impacts.   
Should the dump-site be located in too shallow waters or should the quantity of 
material to be disposed of be such that there are changes in water depth of 
sufficient magnitude to result in significant changes to the waves, there may be 
shoreline stability impacts (e.g. coastal erosion).  By selecting deeper sites (> 40 m 
water depth) and by ensuring a disposal site of sufficient extent to avoid 
excessively large bed changes (> 0.3 to 0.4m) the intention was to avoid any such 
potential changes in shoreline stability. The shoreline stability screening study 
indicated that shoreline stability effects could be avoided provided that there is 
adherence with strict limitations on the nature of the dumping at the shallower site. 

·  Whilst not a major consideration the deeper dredge disposal site (Site 1) is located 
within the existing ammunition dumping ground.  In terms of it being a pre-existing 
dumping ground this has no significance in terms precedent (pers. comm., Yazied 
Peterson, DEAT).  Its location however may be considered to pose a marginal  risk 
in terms of ongoing monitoring activities (sampling of sediments) after dredge 
disposal. 

·  The ability to characterise the site and monitor potential dre dge impacts is 
considered very important .  The two sites are accessible and are in water depths 
that make this feasible without requiring specialised vessels and equipment with 
the associated potential limitations in availability of these platforms/equipment and 
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the associated high costs of monitoring.  The deeper and further offshore the site, 
the greater the likelihood of being limited in terms of vessels (sampling platforms) 
and equipment and also the greater the likelihood of significantly higher costs and 
limitations on the temporal and spatial resolution of the monitoring.  Even for the 
dredge disposal site characterisation, there existed significant difficulty in 
scheduling the field surveys within the limitations of available survey platforms and 
“weather windows” in which the surveys could be undertaken. 

The proposed dredge disposal sites meet the need for the overall dredge disposal 
activities to be economically, technically and operationally  feasible .  The deeper and 
further offshore the site, the longer the likely duration of the dredge operations and the 
higher the costs.  Should the dredge disposal site be located sufficiently far offshore it may 
be that the project timelines and even the financial feasibility of the project may be 
compromised.  For this reason there would have to be a strong justification should it be 
required that the dredge disposal is moved further offshore and into deeper waters. 
 
 

5.3 Site Characterisation 

The dredge disposal site characterisation is contained in the Specialist Study on Sediment 
Toxicology and Marine Ecology.   Those characteristics of specific relevance to this 
modelling study are provided below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3:  Approximate positions of the sediment properties and benthos 

sampling sites in Block 1 (Site 1) and 2 (Site 2) in rel ation to gross 
sediment and seafloor features on the side scan record.  Dark areas in 
the side scan records indicate various grades of rock.  
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The two candidate sites (Site 1 and Site 2) are shown in Figure 5.2. (The final dredge 
disposal sites selected for assessment in the sediment and water quality modelling are 
indicated as dotted red lines and represent the locations best meeting the criteria outlined 
above.  Note that the sampling was designed to characterise the dredge disposal site and 
surrounds while the actual sites selected were selected to minimise dumping on rocky 
area.  In the case of site 1 the intention also was to locate the site as far away from the 
boundaries of the Table Mountain National Park Marine Protected Area boundary.).  Side 
scan sonar and single beam bathymetric surveys were conducted on these sites on 31 
August 2006. The results are reported in MGU (2006). The analogue side scan record 
from these surveys was used to select suitable grab sampling sites to determine sediment 
properties and benthic macrofaunal community structure. Sample sites were selected 
according to gross sediment types, i.e. visible on the side scan record and, in the 
shallower site at least, the absence of rock. The geographic positions of the sample sites 
are shown on Figure 5.2 and Figure 5.3 shows the approximate site locations overlain on 
the side scan record. Data from this survey was to be used to identify the respective 
suitability of the candidate sites for harbour dredge spoil disposal and to provide a pre-
impact quantitative baseline against which future changes associated with dredge spoil 
disposal could be compared. 
 
The full characterisation of the dredge disposal site in provided in the Sediment Toxicology 
and Marine Ecology specialist study (Lwandle, 2006b). 
 
 
5.3.1 Sediment particle size distributions 

The sediment texture in Site 1 was predominantly sand with an admixture of mud and 
variations amongst the samples was low (Figure 5.4). The Site 2 sediments were also 
predominantly sand but here mud was all but absent.  There was a higher proportion of 
gravel sized particles and variability amongst the sample sites was high (Figure 5.5). This 
variability is also evident in the side scan sonar records (Figure 5.3). 
 
Figure 5.5 shows the relative distributions of particle sizes in the sand component of the 
sediments in the two dredge disposal sites. Site 1 is again seen to be more or less uniform 
and is dominated by the fine sand fraction (>63 - <125µm). This size fraction also 
dominated sample sites C and D in Site 2 but the balance of the sample sites had higher 
proportions of coarser sands.  The gravel sized component of the sediments sampled at 
the Site 2 sample sites B and F predominantly comprised coarse shell fragments. 
 
The sediment texture and granulometry indicate that Site 1 is a more or less uniform 
sedimentary environment whereas Site 2 is heterogeneous. Further, Site 2 also has rock 
outcrops, evident from Figure 5.3 and failed grab samples at sample site A, that adds 
variability to the location. 
 
Bedforms in the form of ripples on the seabed in SIte 2, suggest a fairly high degree of 
mobility of the sediments. 
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Figure 5.4: Sediment texture distributions at the two candidat e dredge spoil 
dump sites 4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5: Particle size distributions in the sand frac tion of the sediments 
sampled in Sites 1 and 2. Equivalent sediment textures ar e 1000-
2000µm = very coarse sand, 500-1000µm = coarse sand, 25 0-500µm = 
medium sand, 125-250µm = fine sand and 63-125µm = very f ine sand.  

                                                 
4 No sediments were retrieved from sample site A in Block 2 as the seafloor at this site was rock. 
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5.3.2 Sediment contaminant distributions 

London Convention Annex I and Annex II trace metal concentrations measured in Sites 1 
and 2 are listed in Table 5.1a and 5.1b along with the respective special care and 
prohibition thresholds and BCLME (CSIR, 2006) sediment quality guidelines. All of the 
measured trace metal concentrations were low and well within the listed thresholds. This is 
an unsurprising result given the location of the respective sites in outer Table Bay which is 
remote from anthropogenic sources of contaminants.  
 
Comparisons of Tables 5.1a and 5.1b indicates that Site 1 samples had higher trace metal 
concentrations than those of Site 2 (single factor ANOVA comparing total Annex II trace 
metals between blocks, p <0.001). Linear regression between the total Annex 2 trace 
metals and aluminium concentrations indicate a strong relationship (r2 = 0.85) and the 
observed difference is attributed  to the presence of clay minerals in the relatively larger 
mud fraction on Site 1 versus Site 2. The trace metals measured in the two sites therefore 
appear to be lithogenic in origin and are probably representative of uncontaminated 
background concentrations in the geological setting of Table Bay. 
 
 
5.3.3 Benthos Distributions 

The benthos are fully described in Lwandle (2006b).  The key features of the benthos 
distributions at the two sites include: 

·  Site 1 displays a higher biomass and biomass richness, evenness and diversity of 
benthos than Site 2 that has a generally lower biomass and increased 
heterogeneity in benthic macrofaunal community structure representing the higher 
heterogeneity of habitats within Site 2; 

·  Both sites display taxon/abundance relationships indicating no pollution effects. 
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Table 5.1a:  London Convention Annex 1 and 2 trace metal concentr ations (mg/kg) 
in samples drawn from Site 1 

 

Sample Al As Cd Cr Cu Hg Ni Pb Zn 

Total Ann 
2 Trace 
Metals 

1A-1 1632.9 1.8 <0.5 9.0 3.0 <0.5 2.1 <5.0 7.1 23.0 

1A-2 1032.6 <1.0 <0.5 5.7 3.4 <0.5 4.5 <5.0 5.5 19.1 

1A-3 2057.8 1.7 <0.5 10.3 5.5 <0.5 3.0 <5.0 9.6 30.2 

1A-4 1883.2 1.4 <0.5 9.2 4.9 <0.5 2.4 <5.0 8.9 26.7 

1A-5 2070.6 1.7 <0.5 9.5 5.4 <0.5 2.8 <5.0 10.1 29.5 

1B-1 2477.6 2.3 <0.5 10.3 5.4 <0.5 3.1 <5.0 10.2 31.3 

1B-2 1729.0 1.6 <0.5 8.1 3.9 <0.5 1.9 <5.0 6.0 21.4 

1B-3 2196.8 2.3 <0.5 9.5 5.0 <0.5 2.4 <5.0 8.5 27.7 

1B-4 2306.2 1.2 <0.5 9.5 4.9 <0.5 2.6 <5.0 8.5 26.6 

1B-5 2265.9 1.9 <0.5 10.9 5.1 <0.5 2.9 <5.0 9.2 30.1 

1C-1 2162.7 1.9 <0.5 10.2 5.4 <0.5 3.0 <5.0 9.5 30.0 

1C-2 2257.8 2.0 <0.5 10.2 5.4 <0.5 3.0 <5.0 9.5 30.2 

1C-3 2585.1 1.9 <0.5 11.5 5.6 <0.5 3.5 <5.0 9.5 32.1 

1C-4 2364.5 1.9 <0.5 10.9 5.7 <0.5 3.3 <5.0 11.1 33.0 

1C-5 2141.5 2.0 <0.5 10.4 5.3 <0.5 3.1 <5.0 9.0 29.7 

1D-1 2326.5 2.2 <0.5 10.9 5.3 <0.5 2.9 <5.0 8.3 29.7 

1D-2 1576.2 1.4 <0.5 9.0 4.2 <0.5 1.9 <5.0 7.0 23.5 

1D-3 3168.4 2.4 <0.5 14.4 6.6 <0.5 4.7 5.2 13.0 46.2 

1D-4 1358.7 1.2 <0.5 8.5 3.8 <0.5 1.7 <5.0 5.5 20.8 

1D-5 1504.8 1.3 <0.5 9.9 4.4 <0.5 2.0 <5.0 6.6 24.1 

1E-1 3056.4 2.4 <0.5 14.1 6.4 <0.5 4.5 <5.0 12.6 40.0 

1E-2 2754.9 2.0 <0.5 12.6 5.6 <0.5 3.6 <5.0 10.1 33.9 

1E-3 2532.4 2.4 <0.5 12.5 5.8 <0.5 3.6 <5.0 10.6 34.9 

1E-4 2806.3 2.5 <0.5 13.2 5.9 <0.5 3.8 <5.0 12.0 37.4 

1E-5 2413.9 2.1 <0.5 12.5 5.4 <0.5 4.4 <5.0 9.3 33.7 

1F-1 2577.7 2.2 <0.5 12.9 5.7 <0.5 3.6 <5.0 9.8 34.1 

1F-2 3002.5 2.7 <0.5 13.8 6.2 <0.5 4.4 <5.0 13.1 40.2 

1F-3 2734.0 2.7 <0.5 13.5 6.0 <0.5 3.8 <5.0 10.8 36.8 

1F-4 2295.5 2.2 <0.5 12.2 5.4 <0.5 3.4 <5.0 9.5 32.7 

Means 2251 2.0 <0.5 10.9 5.2 <0.5 3.2 <5.0 9.3 30.6 

SD 515 0.4 - 2.0 0.8 - 0.8 - 2.0 6.2 
LC Special care 
range  30-150 1.5-10.0 30-500 50-500 0.5-5.0 50-500 100-500 150-750 50-500 
LC Prohibition 
threshold  >150 >10.0 >500 >500 >5.0 >500 >500 >750 >500 

LC Annex 2 1 2 2 1 2 2 2 - 

TEL 7.24 0.68 52.3 18.7 0.13 15.9 30.2 124 - 

PEL 41.6 4.21 160 108 0.7 42.8 112 271 - 
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Table 5.1b:  London Convention Annex 1 and 2 trace metal concentra tions (mg/kg) 
in samples drawn from Site 2 

 

Sample Al As Cd Cr Cu Hg Ni Pb Zn 

Total 
Ann 2 
Trace 
Metals 

2B-1 1792.0 1.4 <0.5 6.2 3.9 <0.5 1.6 <5.0 5.7 18.7 

2B-2 2496.4 1.3 <0.5 6.0 4.2 <0.5 2.0 7.7 7.9 29.2 

2B-3 1379.1 <1.0 <0.5 4.0 2.2 <0.5 1.3 <5.0 4.8 12.2 

2B-4 3140.0 2.3 <0.5 11.5 10.1 <0.5 3.9 5.2 12.6 45.6 

2B-5 2622.9 1.7 <0.5 10.0 5.2 <0.5 2.8 <5.0 9.0 28.8 

2C-1 1942.1 2.4 <0.5 9.3 3.6 <0.5 2.1 <5.0 8.4 25.7 

2C-2 1947.9 2.4 <0.5 9.4 3.2 <0.5 1.8 <5.0 5.5 22.3 

2C-3 1957.5 2.0 <0.5 8.5 3.0 <0.5 1.4 <5.0 5.6 20.4 

2C-4 1837.1 2.1 <0.5 8.8 3.5 <0.5 1.7 <5.0 5.0 21.1 

2C-5 1933.7 2.4 <0.5 8.3 3.6 <0.5 2.2 6.7 6.0 29.2 

2D-1 2200.0 1.9 <0.5 9.8 3.4 <0.5 1.9 <5.0 5.5 22.5 

2D-2 1281.0 1.9 <0.5 6.2 1.9 <0.5 1.1 <5.0 4.6 15.7 

2D-3 1372.2 2.5 <0.5 6.5 1.9 <0.5 1.1 <5.0 6.4 18.3 

2D-4 1290.4 1.9 <0.5 6.8 1.7 <0.5 <1.0 <5.0 5.8 16.1 

2D-5 1271.2 2.0 <0.5 6.4 1.6 <0.5 <1.0 <5.0 5.5 15.5 

2E-1 1074.2 <1.0 <0.5 4.3 <1.0 <0.5 <1.0 <5.0 3.4 7.7 

2E-2 1261.7 1.6 <0.5 6.4 1.1 <0.5 <1.0 <5.0 4.2 13.4 

2E-3 1021.1 <1.0 <0.5 4.8 <1.0 <0.5 <1.0 <5.0 3.1 7.8 

2E-4 1031.3 <1.0 <0.5 4.3 <1.0 <0.5 <1.0 <5.0 2.3 6.6 

2E-5 1268.1 <1.0 <0.5 4.0 <1.0 <0.5 <1.0 <5.0 3.6 7.6 

2F-1 1426.5 <1.0 <0.5 3.0 <1.0 <0.5 <1.0 <5.0 4.7 7.7 

2F-3 1005.2 <1.0 <0.5 2.5 <1.0 <0.5 <1.0 6.2 2.6 11.3 

2F-4 2111.3 1.3 <0.5 3.6 <1.0 <0.5 1.1 5.8 4.5 16.3 

2F-5 1811.3 1.1 <0.5 3.9 <1.0 <0.5 1.0 7.0 5.3 18.3 

Means 1686 1.9 <0.5 6.4 3.4 <0.5 1.8 6.4 5.5 18.3 

SD 561 0.4 - 2.5 2.1 - 0.8 0.8 2.2 9.1 
LC Special care 
range  30-150 1.5-10.0 30-500 50-500 0.5-5.0 50-500 100-500 150-750 50-500 
LC Prohibition 
threshold  >150 >10.0 >500 >500 >5.0 >500 >500 >750 >500 

LC Annex 2 1 2 2 1 2 2 2 - 

TEL 7.24 0.68 52.3 18.7 0.13 15.9 30.2 124 - 

PEL 41.6 4.21 160 108 0.7 42.8 112 271 - 
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6. Simulation of fate of sediment and contaminants in 
the marine environment 

 

6.1 Introduction 

In this chapter the fate of the dredged material released into the water column during 
dredging in the harbour and during discharge at the different sites is assessed. Due to the 
complexity of the physical processes involved, the sophisticated Delft3D computer 
modelling suite has been set up for Table Bay and applied to simulate the waves, three-
dimensional currents, derived turbulence quantities and the processes of relevance to the 
deposition, re-suspension and transport of the different sediment fractions released by the 
dredging.  
 
For the three month modelling periods (winter and summer) a time series of wave 
conditions have been used, giving a time series of 81 wave conditions for summer and a 
similar amount for winter.. For the sediment modelling, three different fractions have been 
considered, namely rock and gravel, sand and mud. The Delft3D modelling suit can 
distinguish between cohesive and non-cohesive sediment fractions. The outputs are the 
concentrations of suspended sediments in the water column and the thickness of the 
sediment layer that is deposited on the seabed.  For the modelling of contaminants a 
conservative tracer has been used to represent the dissolved trace metal concentrations in 
the water column. 
 

6.2 Hydrodynamic simulations 

6.2.1 Waves 

6.2.1.1 Description of the model 

Wave predictions are required to calculate the wave-driven flows and turbulence effects 
that re-suspend the sediments from the seabed. The wave refraction predictions were 
obtained by using the numerical model SWAN (Simulating Waves Nearshore). The wave 
refraction model SWAN was executed within the DELFT3D-WAVE environment which 
provides a convenient interface for pre- and post-processing of the results. The SWAN 
model is based on the discrete spectral action balance equation and is fully spectral in all 
directions and frequency, implying that short-crested random wave fields propagating 
simultaneously from widely different sources can be accommodated, e.g. a swell with 
superimposed wind sea. 
 
The SWAN model can account for refractive propagation due to currents and depth. The 
model also represents explicitly the processes of wave generation by wind, dissipation by 
whitecapping, bottom friction and depth-limited wave breaking and non-linear wave-wave 
interactions (quadruplets and triads) explicitly with state-of-the-art formulations. Wave 
blocking by currents is also explicitly represented in the model. Diffraction (i.e. the lateral 
transfer of energy along the wave crest) is not explicitly modelled in SWAN, but diffraction 
effects can be simulated by applying directional spreading of the waves. Wave reflection 
can be modelled by specifying the location and reflection coefficient of a linear obstacle, 
e.g. a breakwater. In the present application, the processes simulated were: wave 
refraction, shoaling, bottom friction, reflection and breaking. Local wind-wave generation 
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within Table Bay was not modelled since wind-waves were assumed to be included in the 
boundary specifications.  In the application of SWAN, the first step was to synthesize an 
offshore wave climate. Once the offshore wave climate was determined, this climate was 
simulated in the model and the resulting wave shear stresses and wave energy dissipation 
were, amongst others, used by the Delft3D-FLOW module.  
 

6.2.1.2 Offshore wave climate 

The offshore wave conditions for the SWAN refraction model were determined from 
hindcast data obtained from OCEANOR. For the summer period (1 December 1994 to 28 
February 1995) the hindcast wave time series consists of 360 wave conditions at six-
hourly intervals. For the winter period (1 June 1994 to 31 August 1994) there are a similar 
number of wave conditions in the OCEANOR data set.  To reduce the number of 
conditions for modelling purposes, the wave time series was decimated according to the 
approach outlined in van Ballegooyen et al. (2004) and Diedericks et al. (2004). Using 
Fast Fourier Transform (FFT) filtering techniques, the offshore wave time series was 
decimated by identifying significant points of inflection in each of the time series of wave 
height, wave period and wave direction. The priority was to firstly retain sufficient 
significant wave height (Hmo) and wave period (Tp) information, so as to almost exactly 
reproduce the undecimated wave times series, while retaining as much of the mean wave 
direction (� m) as possible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.1a: Hindcast wave data (blue) and decimated wave time series (red) used 
in the model simulations for summer. 
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An iterative approach was taken whereby the sensitivity of the algorithm could be 
increased for each of the time series until a balance was found between the number of 
output times (i.e. the number of wave conditions to be included in the decimated offshore 
wave times series) and the loss of information in the decimated time series.  
 
Since wave parameters frequently co-vary, this process resulted in only 81 wave 
conditions derived from the original time series of 360 conditions (representative of the 
three months). It is evident from Figures 6.1a and b that the decimated time series for both 
summer and winter are representative of the original time series. The wave conditions 
were implemented in the modelling in such a manner that the Delft3D-FLOW module 
linearly interpolated between time steps in the wave series. 
 

 

Figure 6.1b: Scaled hindcast wave data (blue) and decimated wav e time series 
(red) used in the model simulations for winter. 

 
Exceedance analyses of the OCEANOR wave data indicate that the 1994 winter period 
and 1995 summer period are fairly representative of the long term climatic wave conditions 
Figure 6.2a and b), despite being on the high side of the climatic wave heights during both 
seasons.   
 
However analyses of wave data measured in an approximate 80 m water depth and 
approximately 7 km offshore of the Slangkop lighthouse near Kommetjie indicate that, 
whilst the summer 1995 conditions (Figure 6.3a) seemed to be fairly representative on the 
long-term wave climate, the wave conditions measured off Slangkop in winter 1994 
(Figure6.3b) were the worst on record.  This was the period when the crane-barge 
BOS400 ran aground at Llandudno (i.e. on 26 June 1994.) 
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Figure 6.2a: Exceedance distribution of the wave height  for the OCEANOR 
hindcast data for summer. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6.2b: Exceedance distribution of the wave height  for t he OCEANOR 
hindcast data for winter. 
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Figure 6.3a: Exceedance distribution of the wave height for the  wave data 
measured offshore of Slangkop lighthouse during  summer. 

 
 

Figure 6.3b: Exceedance distribution of the wave height for the wave data 
measured offshore of Slangkop lighthouse during  winter. 
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In addition, the OCEANOR wave data seem to overestimate the wave heights compared 
to the measured wave data off Slangkop, particularly for the extreme wave conditions in 
winter.  The extreme wave height in summer are over predicted by approximately 0.5 m 
while those in winter are over predicted by more than one metre.  While we used the 
summer OCEANOR predicted wave data as supplied, the winter wave heights were 
scaled so that they were more representative of the measured data at Slangkop. 
 
The wave time series used in the modelling is conservative in that we used the summer 
OCEANOR data as supplied (includes an estimated over prediction of up to 0.5 m) and 
scaled the winter wave heights to those measured offshore of the Slangkop lighthouse that 
were the highest on record).  This clearly constitutes an approach where that would result 
in predicted impacts due to re-suspension of sediments from the dredge disposal site that 
are conservative.   
 

6.2.1.3 Model set-up and calibration 

The model domain is shown in Figure 6.4. Two nested grids within a main large grid were 
used for the wave calculations and the relevant information was written to the curvilinear 
grid used by the Delft3D-FLOW module. The largest computational grid (the entire shaded 
area in Figure 6.4) extends offshore to depths of more than 200 metres to ensure that the 
input wave conditions are in water depths where refraction has not yet occurred. The 
lateral boundaries are also located far from the region of interest to prevent inaccuracies in 
boundary conditions to affect the calculations in the area of interest. A grid with a 
resolution of 100 metres by 100 metres was used in the area of the dump sites to resolve 
the bathymetry which was also on an approximate 100 meter grid scale. A fine grid with a 
25 metre by 25 metre grid was used in the area of the harbour.  

Table 6.1: Wave model parameters 

Parameter Value 
Directional sector  0° - 360° 
No. directions in directional space  36 
Lowest frequency 0.035 Hz 
Highest frequency 0.5 Hz 
No. frequency bins 24 
Spectrum Jonswap 
Spectral peak enhancement factor 2.0 
Width energy distribution 18.2 - 1.66xTp  for Tp < 9.3 s 

1.09xTp - 7.6  for Tp > 9.3 s 
Depth induced breaking Battjes and Janssen 
Alfa 1 
Gamma 0.73 
Bottom friction Madsen 
Friction coefficient 0.2 
Non-linear triad interactions Activated 
Wind growth No 
Whitecapping Activated 
Quadruplets No 
Frequency shift Activated 

Reflection  Activated 
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Figure 6.4: Domain of the wave model showing the extent of t he nested grids. 
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The large grid was the same as that used by previous studies in Table Bay CSIR 
(2003a,b). Although the bathymetry was updated, especially for the areas around the 
dump sites, and two finer grids were added, it was considered that the calibrations of CSIR 
(2003a and 2003b) were sufficiently accurate to be used for the present modelling study. 
Therefore, the model parameters of CSIR (2003a,b) were used and are summarised in 
Table 6.1. 
 
The harbour walls were considered to be reflective. Appropriate reflection coefficients, Cr, 
for each of the 81 wave conditions were derived using the following expression from 
WL|Delft Hydraulics (1990): 
 

Cr = 0.071 P-0.082 cot� -0.62 sop
-0.46 

 
P = permeability factor = 0.4 for armour stone with a filter layer and core 
�  = structure angle assumed to be 33.7°, i.e. a slope of 1:1.5 
sop = wave steepness = 2� Hmo/gTp

2 with Hmo measured in front of the structure 
 
The small local wave heights (due to refraction) and long wave periods result in low wave 
steepness and associated high reflection coefficients (between 0.8 and 1.0).   
 

6.2.1.4 Wave refraction results 

Wave refraction simulations were performed for all 81 wave conditions representing the 
offshore wave climate. Figures 6.5 to 6.6 show examples of the wave refraction results for 
a wave event with the highest significant wave height for December occurring on the 6th 
December 1994, namely Hmo = 5.0 m, Tp = 12.8 s and direction approximately WSW 
(250° True North). 
 
 
6.2.2 Currents 

6.2.2.1 Introduction 

At the core of the Delft3D modelling framework is the Delft3D-FLOW module that performs 
the hydrodynamic computations and the simultaneous calculations of the transport of 
salinity and heat. In addition, it also calculates the transport of cohesive and non-cohesive 
sediments as well as possible morphological changes. The module that combines 
sediment (and tracer) concentration calculations with the bedload transport and 
morphology, Delft3D-Online-SED, is described in section 6.3. One of the advantages of 
using the online sediment approach is that the three-dimensional hydrodynamic processes 
and the adaptation of non-equilibrium sediment concentration profiles are automatically 
accounted for in the suspended sediment calculations.  
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Figure 6.5: Modelled wave refraction on the large grid. Off shore wave condition: 
Hmo = 5.0 m, Tp = 12.8 s and Direction = 250 o N. 
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Figure 6.6: Modelled wave refraction on the medium grid. Offshor e wave 
condition: H mo = 5.0 m, Tp = 12.8 s and Direction = 250 o N. 
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6.2.2.2 Description of the model  

Delft3D-FLOW (WL|Delft Hydraulics, 2005) is a three-dimensional hydrodynamic model 
that includes formulations and equations that take into account the following processes: 

·   tidal forcing 

·  wind forcing 

·  wave forcing 

·  baroclinic currents and vertical mixing induced by changes in water temperature 
resulting from both advection of warmer/cooler water into the bay as well as local 
insolation effects 

·  the effect of the earth’s rotation (Coriolis force). 

 
The system of equations in Delft3D-FLOW comprise the horizontal momentum equations, 
the continuity equation, the equation of state and the advection-diffusion equation for heat, 
salt and other conservative tracers which are solved using the Alternating Direct Implicit 
scheme. Vertical turbulence is modelled using the k-�  turbulence closure model. The 
computation grid is an irregularly-spaced, orthogonal, curvilinear grid in the horizontal and 
a sigma coordinate grid in the vertical. The equations and their numerical implementation 
are described in detail in WL|Delft Hydraulics (2005) and a very clear exposition is also 
presented by Lesser et al.  (2004). 
 
A heat flux model is incorporated to account for air-sea interactions. The incoming solar 
and atmospheric radiation is prescribed, while the terms related to heat loss (evaporation, 
back radiation and convective heat flux) are computed by the model. 
 

6.2.2.3 Model set-up  

The model set-up is based on a previous CSIR model set-up within Table Bay (CSIR, 
2003b). For the present application, the model grid has been refined to less than 
200 metres in the vicinity of the harbour and dumping locations, as shown in Figures 6.7 
and 6.8. The model bathymetry was obtained from South African Naval hydrographic 
charts supplemented by recent bathymetric surveys performed by CSIR and the Council 
for Geoscience and is plotted in Figure 6.9. In the vertical direction, five equidistant layers 
were employed.  
 
The model simulations comprised a three month summer period and a three month winter 
period for the anticipated worst case dredge scenario in terms of the bulk of the predicted 
environmental impacts. The selection of this period was based on the availability of 
measured current data for calibrating the model as well as wave information and 
atmospheric data to drive the model. This resulted in the periods 1 December 1994 to 28 
February 1995 and 1 June o 31 August 1994 being simulated 
 
The predicted tide  for Cape Town using eight tidal constituents was applied on all three 
open boundaries of the model, assuming no phase lags. The tidal levels specified along 
the boundaries were adapted to compensate for time-varying wind setup and Coriolis tilt 
effects.  
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Figure 6.7: Computational grid for the hydrodynamic model.   
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Figure 6.8: Detail of the computational grid for the hydrodynami c model.  
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Figure 6.9: Detail of the bathymetry of the hydrodynamic mo del. Current meter 
stations A to E are also indicated.  
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The wind  used in the simulations was based on hourly wind data measured at Cape Town 
International Airport. The effect of topographic features such as Table Mountain were 
accounted for by spatially varying the wind field as a function of wind direction and season, 
based on literature (e.g. Jury, 1980, 1987) data from other wind stations in the area and 
airplane drift measurements. The applied wind time-series are plotted in Figure 6.10a and 
6.10b. It was also indicated in CSIR (2003b) that the winds during this simulation period 
are representative of longer term conditions. 
 
The model also includes baroclinic effects  (currents and vertical mixing) induced by 
changes in water temperature resulting from both advection of warmer/cooler water into 
the bay as well as local insolation effects. The inputs for the heat flux model are the 
relative humidity, air temperature and net solar radiation. These data were input at hourly 
intervals using data measured at Cape Town International Airport. 
 
The advection of warmer/cooler water into the bay is controlled by the temperature profile 
specified on the open boundaries. Based on available measurements, the stationary 
seawater temperature profile in Table 6.2 was applied at the open boundaries for the 
duration of the model simulations. 
 

 
 

Figure 6.10a: Tide and wind input for the summer hydrodynamic simulations.  
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Figure 6.10b: Tide and wind input for the summer hydrodynamic s imulations.  

 
 
 
 

Table 6.2: Temperature profile applied on model open boundaries . 

 
Depth 
(m) 

Temperature  
(°C) 

0 15.0 

30 12.0 

70 10.0 

200 9.0 
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Additional input parameters for the hydrodynamic model are tabulated below (Table 6.3): 
 

Table 6.3: Hydrodynamic model parameters 

Parameter Value 

Wind drag coefficient (Cd)  1.1E-3 + 5.5E-5 x Vwind 

Horizontal eddy viscosity  1 m2/s 

Background vertical eddy viscosity 0.0005 m2/s 

Horizontal eddy diffusivity 1 m2/s 

Background vertical eddy diffusivity 0 m2/s 

Bed friction (Chézy coefficient) 65 m0.5/s 

Correction for sigma coordinates On 

Horizontal Forester filter On 

Vertical Forester filter Off 

Time step  2 minutes 

 
 

6.2.2.3 Calibration  

The model was calibrated by comparing the model results to currents and water 
temperatures measured by the Institute for Maritime Technology (IMT) in 1994 and 1995 
at the 5 locations marked A to E in Figure 6.9. The calibration results shown in 
Figures 6.11a to 6.11d (summer) indicate that the model is reliably simulating the overall 
tidal and wind-driven circulation, as well as the intrusion and retreat of cold water 
associated with summer upwelling and relaxation of upwelling. Differences between the 
modelled and measured data may be ascribed to penetration into the bay of features 
generated outside the model domain, as well as localised effects such as wind eddies not 
accounted for in the model forcing.  
 
Figures 6.12a to 6.12d (winter) indicate that the model is reliably simulation the winter 
wind and wave-driven flows.  The calibration at Site D (not shown) is poor.  The reason for 
this is uncertain but it may be due to boundary effects.  Whilst not ideal, this is not a major 
concern as Location D lies towards the periphery of the model where the results are of 
lesser consequence.  The overall accuracy of the model is considered adequate for this 
application. 
 
Examples of the simulated surface and seabed currents and temperatures for a north 
westerly wind and a south easterly wind are shown in Figures 6.13 to 6.16. Note the three-
dimensional circulation with strong surface currents and onshore-directed bottom currents 
associated with upwelling.  
 
The calculation of concentrations of sediments (both cohesive and non-cohesive) were 
performed simultaneously with the hydrodynamic calculations by using the Delft3D-Online-
SED sediment component of Delft3D-FLOW. This online sediment module is discussed in 
Section 6.3 below.  
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Figure 6.11a: Hydrodynamic calibration at Station B for the summer simulation. 
Measured (red) compared to modelled (blue). Total depth = 24 m, 
instrument depth = 10 m. 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 6.11b: Hydrodynamic calibration at Station C for t he summer simulation. 
Measured (red) compared to modelled (blue). Total depth = 24 m, 
instrument depth = 10 m. 
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Figure 6.11c: Hydrodynamic calibration at Station D for the summer simulation. 
Measured (red) compared to modelled (blue). Water depth = 19 m, 
instrument depth = 9 m. 
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compared to modelled (blue). Water depth = 18 m, instrument dept h = 
11 m. 
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Figure 6.12a: Hydrodynamic calibration at Station A for the winter simulation. 
Measured (red) compared to modelled (blue). Total depth = 24 m, 
instrument depth = 10 m. 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Figure 6.12b: Hydrodynamic calibration at Station B for wi nter simulation. Measured 
(red) compared to modelled (blue). Total depth = 24 m, ins trument 
depth = 10 m. 
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Figure 6.12c: Hydrodynamic calibration at Station C for the winter simulation. 
Measured (red) compared to modelled (blue). Water depth = 19 m, 
instrument depth = 9 m. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6.12d: Hydrodynamic calibration at Station E for the w inter simulation. 
Measured (red) compared to modelled (blue). Water depth = 18 m, 
instrument depth = 11 m. 
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Figure 6.13: Example of simulated surface currents and te mperature on the 
2  January 1995 during a 12 m/s north westerly wind. 
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Figure 6.14: Example of simulated bottom currents and temperat ure on the 
2 January 1995 during a 12 m/s north westerly wind. 
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Figure 6.15: Example of simulated surface currents and te mperature on the 
8 January 1995 during a 15 m/s south easterly wind. 
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Figure 6.16: Example of simulated bottom currents and temperat ure on the 
8 January 1995 during a 15 m/s south easterly wind. 
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6.3 Sediment transport 

6.3.1 Introduction 

The Delft3D-Online-SED morphological model (WL|Delft Hydraulics, 2005) integrates the 
results of the Delft3D-WAVE and Delft3D-FLOW models to determine sediment 
concentrations, sediment transport rates (suspended and bedload) and morphology of 
cohesive and non-cohesive sediments. In the present study the model was applied in fully 
three-dimensional-horizontal mode, but the feature to dynamically update the bed during 
simulation was not used.  
 
6.3.2 Description of the model 

A very clear and logical discussion of Delft3D-Online-SED is presented by Lesser et al. 
(2004). Additional information regarding the transport of cohesive sediments is presented 
by Van Ledden et al. (2004). The Delft3D-Online-SED morphological model forms part of 
the Delft3D-FLOW model and the local velocities and eddy diffusivities are based on the 
results of the hydrodynamic computations. Computationally, the three-dimensional 
transport of sediments is computed in a similar manner as the transport of any other 
conservative constituent such as heat and salinity. However, there are some critical 
differences between sediment and other constituents such as the exchange of sediment 
between the bed and the flow and the settling velocity of sediment under the action of 
gravity. The sediment also has an effect on the local mixture density and may cause 
turbulence damping. In the Delft3D-Online-SED module these processes are described by 
different formulations depending on whether one is modeling cohesive or non-cohesive 
fractions.  
 
Some of the processes and features of the Delft3D-Online-SED are: 

·  Cohesive and non-cohesive sediment fractions may be modelled separately and/or 
simultaneously.  

·  Suspended and bed load transport of non-cohesive sediments are computed using 
Van Rijn's (1993) approach. 

·  The standard Delft3D-FLOW advection-diffusion solver is used for the transport of 
the suspended sediment. 

·  The bed-load is adjusted for bed slope effects. 

·  For cohesive sediment fractions (e.g. mud) the fluxes between the water phase 
and the bed are calculated from the well-known Partheniades-Krone formulations 
(Partheniades, 1965).  

·  Settling velocities are adapted due to hindered settling.  

·  The effect of flocculation of the cohesive sediment on the settling velocity is taken 
into account.  

 
Limitations of the present model implementation are that the extra turbulent mixing due to 
waves is not included in the suspended sediment transport calculations but only in the 
enhanced bed shear stresses. Furthermore, for the calculation of the deposited sediment 
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thickness, the contribution from each fraction is considered independently from the other 
fractions.  
 
6.3.3 Model set-up 

The model grid for the calculation is the same as the three-dimensional hydrodynamic 
grid. The non-cohesive sediments that were considered consisted of rock and gravel as 
one fraction and sand as another fraction. The relevant input parameters are presented in 
the table 6.4 below. 
 
One cohesive sediment fraction representing mud was included in the model. 
 

Table 6.4: Input parameters for non-cohesive fractions. 

 
Parameters for sediment model Rock and gravel  Sand 
Median grain size (D50) 2 mm (maximum) 0.2 mm 
Van Rijn’s reference height factor 1.0 1.0 
Ripple height factor 2.0 2.0 
Longshore bed gradient factor 1.0 1.0 
Transverse bed gradient factor 1.5 1.5 
Current-related reference concentration factor 0.8 0.8 
Current-related transport vector magnitude factor 0.8 0.8 
Wave-related suspended transport vector 1.0 1.0 
Wave-related bedload transport factor 1.0 1.0 
Minimum depth for sediment calculations 1.0 m 1.0 m 
Dry cell erosion factor 0.0 0.0 

 
 
The settling-deposition-resuspension behaviour of the material is characterised by the 
settling velocity, the critical shear stress for deposition, the critical shear stress for 
resuspension and the resuspension rate. While settling velocities can be measured 
relatively easily, the remaining parameters are significantly more difficult to measure 
experimentally.   
 
 In determining the sediment parameters listed in Table 6.5, provision was made for the 
different influences of silt and clay on the behaviour of the mud. The critical shear stress 
for erosion of muds increase (up to a factor of 2) with the addition of sand and reaches a 
maximum for approximately 50% sand (Mitchener and Torfs, 1996; Dankers, 2000) as is 
the case for the size distributions in the material to be dredged in the Ben Schoeman 
Dock.  The addition of sand to muds also may dramatically reduce the erosion rate from 
the seabed (Mitchener and Torfs, 1996). 
 
During dumping of large volumes of dredged material, the bottom layers of the cohesive 
sediments may initially settle on the bed and will only be suspended after the surface mud 
has eroded.  To simulate this process the critical shear stress for sedimentation selected is 
high. 
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The remainder of the sediment parameters have been based on those reported in the 
literature (Van Ledden et al., 2004; Dankers, 2000; Torfs et al,1996; Mitchener and Torfs, 
1996; WL|Delft Hydraulics, 2005; CSIR, 1995, 2000). Specifically, the critical bed shear 
stress for erosion follows from Van Ledden et al. (2004) and the concept that the dumped 
mud is unconsolidated and relatively loosely packed. 
 
The erosion parameter has been calculated by considering the shear stresses where the 
erosion rate exactly balances the deposition rate for various sediment fall rates and critical 
bed shear stress for erosion parameters. This balance occurs when the shear stress is 
given by  

Escrit MCw /+= tt  

where  
�   is the shear stress at the seabed (Pa) 
� crit  is the critical shear stress for erosion (Pa) 
ws  is the settling velocity (m/s) 
C  is the sediment concentration (kg/m3) and 
ME  is the erosion rate. 

 
By using the specified value of the settling velocity and critical shear stress for erosion 
selected above and by considering different sediment concentrations near the seabed, the 
erosion parameter has been selected so that net erosion from the seabed occurs for 
bottom shear stresses of 0.3 to 0.7 Pa for low suspended sediment concentrations near 
the seabed (~ 10 mg/l) and > 2 Pa for suspended concentrations of approximately 50 mg/l 
at the seabed. 
 
Preliminary sensitivity tests based on one month model simulations indicated that the 
model results are relatively sensitive to the selected ME values.  The relevant model 
parameters selected are tabulated below.  These parameters lie within those generally 
accepted for model studies such as this one, i.e. ME  = 10-6 to 10-4 kg/m2/s  and 
Tcrit (erosion) = 0.1 to 0.3 Pa for unconsolidated and relatively loose muds in sand/mud 
mixtures. 
 

Table 6.5: Input parameters for cohesive sediment fractions.  

 
Parameter for sediment model Value 
Settling velocity 0.5 mm/s 
Critical bed shear stress for sedimentation 1000 Pa 
Critical bed shear stress for erosion  0.2 Pa 
Erosion parameter 0.00001 kg/m2/s 
Initial sediment thickness 0.0 m 

 
The material that is deposited on the bottom will begin to consolidate, which is the process 
whereby the deposited grains are compacted under the influence of gravity, leading to the 
expulsion of the pore water and the increase in density of the material and a reduction in 
the deposition thickness. In order to compute the deposition thickness in the model, a 
typical consolidation condition after one month has been assumed. This is characterised 
by a porosity of 90%, a wet density of 1188 kg/m3 and a dry density of 265 kg/m3 (Van 
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Rijn, 1989).   The sand and gravel fractions were assumed to have dry weights of 1460 
and 1775 kg/m3 and porosities of 45 % and 33 %, respectively. 
 

6.4 Model Scenarios  

The scenarios modelled include the assessment of three dredging operations, namely 
dredging operations comprising: 

1. a combination of a Cutter Suction Dredger (CSD) and backhoe dredger (BHD); 

2. a combination of a Trailing Suction Hopper Dredger (TSHD) and backhoe dredger 
(BHD); 

3. backhoe dredger(s). 

For each of these scenarios both the deeper (65 to 75 m dredge disposal site – Site 1) and 
the shallower (40 m – Site 2) dredge disposal sites are assessed.  The scenarios are 
summarised in Table 6.6 below. 
 

Table 6.6: Modelling Scenarios 

Scenario 
ID 

Nature of  
Dredging Operation 

Dredge 
disposal Site 

Season 

1 CSD and Backhoe Site 1 summer 

2 CSD and Backhoe Site 2 summer 

3 TSHD and Backhoe Site 1 summer 

4 TSHD and Backhoe Site 2 summer 

5 Backhoe only* Site 1 summer 

6 Backhoe only* Site 2 summer 

7 CSD and Backhoe Site 1 winter 

8 CSD and Backhoe Site 2 winter 
 

* Despite the fact that the backhoe simulation covers only part of the planned dredging operations, 
the backhoe operation does not change over the full period of 68 weeks so the model simulation 
are run for a similar three month period and the results “scaled up” to represent the full dredging 
operation.  This is achieved by assuming that the suspended sediment concentrations are 
representative of a longer period and by multiplying the sediment thickness at the seabed by a 
factor of  approximately 5.2 (68 weeks/13 weeks).  The latter factor results in a conservative 
outcome in terms of the sediment thickness at the seabed at the dredge disposal site as the 
sediments are likely to be dispersed to a greater extent than indicated. (The bottom sediments 
would continue to be re-distributed over the 68 week period of dredge material disposal.  This is 
not taken into account in the scaling up method proposed above.)  However in terms of the 
distribution of contaminated sediments around and away from the site, the results for the 
backhoe only dredging option is possibly less conservative than reality due to the reasons stated 
above.  Similarly the sediment plumes and water column turbidity may be less conservative than 
reality as not all of the sediments have been placed in the marine environment over the shorter 
simulation period.  The results therefore are deemed sufficiently quantitative to rank the impacts 
associated with the various dredge operations (i.e. backhoe operations generally result in lower 
impacts than the other high-rate dredge operations), but not sufficiently quantitative to use the 
simulations to determine the absolute impacts associated with the backhoe only dredge 
operations. 

 
Initially each model scenario (scenarios 1 to 6) comprised a 3 month simulation for a 
summer period during which all dredging activities have been completed except for the 
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backhoe dredger(s) only option (option 3) which has a planned duration of some 68 weeks 
for assumed dredge rates of 20 000 m3 per week (or 136 weeks for lower assumed dredge 
rates of 10 000 m3 per week).  The period chosen for simulation is December 1994 to 
February 1995 as there exists concurrent data sets and flow calibration data for this 
period.  This initial modelling was been undertaken for the summer season as it was 
deemed to be conservative in terms of most impacts.  During summer there is a general 
northward flow and anti-clockwise circulation in Table Bay, the water column is stratified 
and upwelling draws cold bottom water across the disposal sites and into Table Bay thus 
increasing the possibility of turbidity and aesthetic impacts within the bay and along the 
shoreline.  The stratified water column in summer results in weaker currents near the 
seabed.  Those sediments entering the water column will remain trapped close to the 
bottom and will persist for longer in the bay before being flushed as the bottom currents in 
summer are weaker than would be the case in winter when the water column is more well-
mixed. The stratified water column in the harbour also mean that the mobility of 
suspended sediment and trace metal contaminants that are largely discharged into the 
surface layer is greater and more likely to enter other regions of the harbour and the bay. 
 
However the initial summer simulations suggested that the simulation of only summer 
scenarios may not be conservative for all potential impacts (i.e. potential turbidity impacts 
on the Table Mountain National Park Marine Protected Area that is likely to suffer 
increased impacts in winter due to the potentially increased sediment movement due to 
the higher wave occurring during winter combined with the southerly flows out of Table 
Bay associated with the north-westerly winds that are most common during winter).  
Consequently additional simulations (scenarios 7 and 8) have been undertaken for the 
CSD and backhoe dredging operations (that are indicated in the summer simulations to 
have the greatest likelihood of impact on the Table Mountain National Park Marine 
Protected Area) to identify whether the winter scenario simulations indicate an increased 
likelihood of potential impacts on the Table Mountain National Park Marine Protected Area 
compared to the summer scenarios simulated. 
 
In winter the higher wave conditions are likely to stir up more sediments into the water 
column thus potentially increasing the suspended sediment concentrations in the water 
column, however the well-mixed water column reduces the suspended sediment 
concentration at any fixed layer as the suspended sediment are more likely to be 
distributed throughout the water column. Furthermore, these sediments are likely to be 
more readily flushed out of the bay in the bottom waters due to the generally higher bottom 
flows and downwelling characteristics of winter that result in the bottom currents having a 
limited onshore component. The well-mixed water column in the harbour is likely to result 
in the harbour being less well flushed in winter, possibly exacerbating the build-up of 
turbidity and contaminants.  Presently, under the summer scenarios there seems to be no 
constraint in this regard.  However the most significant impact that may be missed by not 
simulating winter scenarios is the fact that the southerly currents prevailing along the 
coastline are likely to transport sediment plumes from the dredge disposal sites more 
readily into the Table Mountain National Park Marine Protected Area. 
 
The simulation of other seasons (i.e. autumn and spring) are considered superfluous as 
the summer and winter periods are considered to adequately represent the extremes of 
physical processes affected the transport and fate of dredge material (see above).    
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6.5 Model Results 

The model results are intended to inform assessments on the potential environmental 
impacts as described below. 
 
6.5.1 Potential Environmental Impacts and associate d Metrics for the 

Modelling Study 

The detail of the potential ecological impacts and impacts on the existing beneficial uses 
are mostly described in the Sediment Toxicology and Marine Ecology specialist study 
(Lwandle, 2006a).  The ecological impacts are schematised in Figure 6.17 below. 

Figure 6.17: Schematisation of the effects that dredging a nd dredge disposal 
activities may have on ecosystems (after Dankers, 2002 ). 

 
The potential impacts on the shoreline stability are described in the Shoreline Dynamics 
specialist study (Smith, 2006).  The visual impacts specific to the marine environment are 
assessed in this report and are intended to inform the Visual Impact Assessment specialist 
study where all potential visual (aesthetic) impacts are summarised.  Furthermore, 
potential impacts associated with the dredge spoil being re-suspended and being 
deposited in existing navigation channels and potential impacts of dredging operations on 
existing shipping traffic are addressed here.  All other potential environmental impacts in 
the marine environment have been assessed in the relevant specialist reports.  The 
modelling report primarily serves to inform the impact assessments in the relevant 
specialist reports referred to above. 
 

6.5.1.1 Visual Impacts:   

In terms of visual impacts, it is the visibility of sediment plumes that are of concern.  The 
plumes may be visible at the dredge disposal site and will be visible around the dredger in 
the harbour.  Should sediments from the dredge disposal site be re-distributed into Table 
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Bay and recreational areas (e.g. the shallow waters along the coast between Mouille Point 
and Tableview), there may be a general increase in turbidity of the water column (which 
will be difficult to discern from the background) or perhaps the development of plumes 
associated with the re-suspension of sediment that will have settled in the bay over time 
during storm events. 
 
In Section 4 a conservative guideline of 10 mg/l elevation in suspended sediments in the 
upper water column has been assumed for a threshold above which plumes are likely to 
be visible in the marine environment.  Extending the conservative approach we have 
assessed the number of days that the suspended solid concentration in the surface waters 
exceeds 10 mg/l.  As the model results do not include background turbidity, in reality we 
are assuming  that plumes become visible when the suspended sediment concentrations 
are increased by  10  mg/l or more above background levels.  The same threshold is 
assumed for both offshore waters (background suspended sediment concentration = 1 to 
14 mg/l) and the harbour and surrounds (background suspended sediment concentration 
30 mg/l).   The model results thus are presented as contours of the number of days that 
the suspended sediment concentrations in the surface waters are increased by 10 mg/l or 
more above background levels (e.g. Figures B.1.1 and B.1.2 in Appendix B). 
 

6.5.1.2 Ecological impacts associated with elevated  turbidity 

A number of environmental thresholds exist (see Section 4.1) for assessing ecological 
impacts. The two selected for presentation are: 

·   the 20 mg/l sediment concentration guideline suggested by Steffani et al. (2003) 
that represent a conservative lower threshold below which impacts are not 
expected to occur in ecologically sensitive areas in and around Table Bay such as 
the kelp beds found close to the shoreline around Robben Island and the kelp beds 
of the Cape Point National Park. This < 20 mg/l threshold is a low risk, monthly 
average goal for these regions;   

·  a < 100mg/l target value for suspended sediment concentrations in the water 
column that, based on a literature review (EMBECON, 2004), represents limited 
risks for biota. 

For the assessment of potential ecological impacts, the model results are presented as 
contours of the number of days that the 20 mg/l guideline is exceeded in the surface layer 
(e.g. Figure B.1.3b in Appendix B) and near the bottom (Figures B.1.5 in Appendix B).  
The exceedance of this guideline in the surface waters represents potential impacts of 
concern in terms of light in the water column and associated effects on primary 
productivity, while in the deeper waters this indicates the lower threshold for effects should 
this exceedance occur for a continuous 2 to 3 days or more (see Section 4.1: Water 
column guidelines). The exceedance of the 100 mg/l guideline (e.g. Figure B1.4 in 
Appendix B) for even short periods of time indicate that ecological impacts are likely where 
this occurs.  To be able to assess turbidity effects at the Two Oceans Aquarium intake a 
plot of exceedance of the 20mg/l guideline is produced for the mid-water column (e.g. 
Figure B.1.3a in Appendix B), the layer in the model that best represents the depth of the 
intake supplying seawater to the Two Oceans Aquarium. 
 
To better assess potential impacts along the northern boundary of the Table Mountain 
National Park Marine Protected Area, time series plots of the suspended sediment 
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concentrations in the lower layer of the model are presented (e.g. Figure B1.7) that are 
considered to be representative of conditions nearer the seabed.  This allows for a more 
explicit interrogation on the nature of the exceedance of the 20 mg/l guideline (i.e. how 
long is the guideline value exceeded during each “turbidity event”).  The locations at which 
these simulated time series have been extracted from the modelling are indicated in 
Figure 6.18 below. 

 

Figure 6.18: Locations at which the time series have been e xtracted to assess 
potential impacts on the Table Mountain National Park MPA.  
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 6.5.1.3 Ecological impacts associated with distrib ution of 
contaminated sediments and smothering effects 

To assess the potential ecological impacts associated with distribution of contaminated 
sediments and smothering effects, the model results are presented as the near maximum 
(95 % exceedance value) thickness of sediments deposited at the seabed and the mean 
thickness of sediment deposited at the seabed, both offshore and in the harbour (e.g. 
Figure B1.8 and B1.9, respectively in Appendix B).  The 95% exceedance value indicates 
the maximum “footprint of sediment re-mobilised from the dredge disposal site, while the 
mean sediment thickness represents the more persistent “footprint” of the sediments re-
mobilised from the dredge disposal site (i.e. excludes more temporary deposition of 
sediments around the dredge disposal site).  The limitation of the latter metric (i.e. the 
mean) is that, should  deposition occur during the latter half of the simulation, it will largely 
be discounted. 
 

6.5.1.4 Maximum change in depth at the dredge dispo sal site 

The maximum change in water depth at the dredge disposal site is of relevance to 
potential shoreline stability effects.  The 95% exceedance contours of these depth 
changes (i.e. sediment thickness) inform the Shoreline Stability specialist study  (Smith, 
2006) that is intended to assess whether the depth changes are likely to result in changes 
in shoreline stability (e.g. Figure B1.8 in Appendix B).  The bulk of the changes in the 
seabed are due to the muds due to the assumption of relatively high porosities of the 
muds when dumped at the dredge disposal site.  This also implies that, as the muds are 
re-suspended from the site (to the extent that this occurs), the sediment deposition 
thickness will decrease relatively rapidly compared to the mass of sediments removed 
from the dredge disposal site. 
 

6.5.1.5 Toxicity effects of contaminants released f rom the sediments  

The toxicity effects from potential contaminants released into the water column were 
simulated using appropriate loads and a conservative tracer in the model.  The metrics 
used to assess potential impacts on the natural ecosystems as well as beneficial uses in 
the region of interest include: 

·  Contours of days of exceedance of the South African Water quality guidelines over 
the whole region of interest both at the surface and near the seabed (e.g. Figures 
B1.10 and B1.11, respectively, in Appendix B); 

·  Contours of days of exceedance of the South African Water quality guidelines in 
the harbour both at the surface and near the seabed (Figure B1.12 and B1.13).  
(This is a very conservative approach as the South African water quality guidelines 
are not appropriate for such a disturbed system); 

·  Contours of days of exceedance of the ANZECC Water quality guidelines (for a 
95% certainty of protecting at least 80% of the species) in the harbour both at the 
surface and near the bottom (Figure B1.14 and B1.15, respectively, in 
Appendix B). 
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Time series plots (e.g. Figure B1.16 in Appendix B) are also presented of: 

·  dissolved copper and zinc in the water column (at the surface and the depth of the 
intake) at the location of the Two Oceans Aquarium seawater intake.  

·  dissolved copper and zinc in the water column (at the surface and the depth of the 
intake) in the middle of the entrance to the Port of Cape Town. 

The above metrics are used to assess potential ecological impacts and impacts on 
existing beneficial uses in the Port of Cape Town and its surrounds. 
 
The required dilutions in the model to comply with the relevant water quality guidelines are 
the most demanding for dissolved copper (Cu), i.e. the ratio of the trace metal load 
entering the marine environment from the sediments to the relevant water quality guideline 
for target values are greatest for dissolved copper.  The implication is that if the target 
values are complied with for dissolved copper, there will be compliance with the water 
quality guidelines for all other metals.   
 
It should be recalled that we have assumed that 0.2% of the trace metals in the sediments 
are released into the water column.  However, the sediment concentrations in the 
sediments samples used in the elutriation analyses are lower than some of those reported 
in the Ben Schoeman Dock.  For this reason, we have reported the modelling results as 
contours of the total number of days where the trace metal concentrations exceed the 
relevant water quality target values assuming that 0.5% of the trace metal load in the 
sediments enter the water column (i.e. a safety margin factor of 2.5 has been included).   
 
The specific times series plots of likely concentrations of dissolved copper at the Two 
Oceans Aquarium seawater intake and at the mouth of the Ben Schoeman Dock, however 
as plotted assuming 0.2% of the trace metals in the sediments are re-mobilised.  The 
model results indicate that even if we were to assume that 0.5% of the trace metal load in 
the sediments enter the water column, the dilution of these loads is such that they return 
close to background levels in the harbour and thus are predicted to not exceed the SA 
Water quality guideline values at the seawater intake to the Two Oceans Aquarium. 
 
It should be noted that the potential impacts associated with contaminated sediments are 
sensitive to the assumed percentage of the trace metal load in the sediments that enter 
the water column, particularly if the percentage of trace metals remobilised are 
significantly higher than assumed here (e.g. at assumed percentages exceeding 1 to 2% it 
is likely that the conclusions in terms of potential impacts would change and possibly be of 
concern in and around the harbour and at the Two Oceans Aquarium intake).   Presently 
the background (or ambient) dissolved copper concentrations at times exceed the SA 
Water Quality guidelines but only at very specific areas in the port and most probably not 
at the Two Oceans seawater intake.  (No known measurement sexist to confirm this.) 
 

6.5.1.6 Potential for sediments to enter the Diep a nd Salt River 
estuaries.  

Of potential concern is that the disposal of the dredge material results in elevated 
suspended sediment concentrations in the water column that could enter the Diep and Salt 
River estuaries.  These potential impacts are assessed by referring to the predicted 
exceedance of 10 m g/l and 20 mg/l thresholds in both the surface and bottom layers.  In 
the shallow surf-zone the suspended sediments in the surface layers largely mirror those 
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near the bottom thus for brevity only the exceedances of the 10 mg/l for the surface waters 
in presented here. 
 

6.5.1.7 Sedimentation of previously dredge areas an d navigational 
channels  

Also of potential concern is that dredge material re-suspended from the dredge disposal 
sites reaches existing dredged areas and navigational channels.  In the model simulations 
it is assumed that the bulk of the simulated deposition thicknesses reported are due to the 
settling of muds in the more quiescent regions of the bay and not an indication of 
substantial movement of sand.  It is not possible to estimate long-term changes based on 
these short simulations, however it can be said with certainty that the likelihood of 
substantial movement of materials other than the muds is greatly reduced for Site 1 (65  to 
75m water depth) compared to Site 2 (approximate 40m water depth). 
 
6.5.2 Summary of model results 

The key figures of the model results relevant to analyzing the various impacts is provided 
in Table 6.7.  The analysis of the various model results and associated potential impacts  
are summarized in Table 6.8 (summer) and Table 6.9 (winter) in terms of exceedances of 
the relevant water quality guidelines.  The various scenarios are also loosely ranked in 
terms of their potential environmental impacts.  In this ranking a value of 1 indicates a 
higher impact than a value of 2, etc.  Note that the full impact assessment method is not 
applied here, the purpose being to inform the impact assessments in the relevant 
specialist studies rather than undertake the impacts assessments here.  
 
Initially the summer scenarios were deemed to be the most conservative, however 
subsequent simulations for the winter period indicated that many if not most of the impacts 
were greater for the winter period.  Of particular concern was the potential impacts on the 
Table Mountain National Park MPA during the winter period. 
 
The CSD and BHD (dredging option 1) was chosen as the most likely worst case scenario 
for assessing the impact s expected to occur in winter compared to those occurring during 
summer as most of the impacts of concern during summer were associated with this 
dredge scenario. 
 
There are however some impacts that were indicated to be higher for the other dredge 
scenarios  (i.e. model scenarios 3 to 6).  These are discussed below providing a 
motivation why the CSD and BHD scenario is expected to result in a worst case winter 
scenario for even these potential impacts: 

·  Visual impacts on the eastern shoreline:   As discussed in Table 6.8 (summer 
scenarios) the bulk of the visual impacts along the eastern shoreline are seemingly 
associated with sediments that “leak” out from the Ben Schoeman Dock during 
dredging activities.  In winter these flushing of the Ben Schoeman Dock is greatly 
reduced in winter compared to summer so these impacts are expected to be less 
for a winter dredge period compared to summer.  Other mitigating factors are: 

o that in winter the sediments that leave the Ben Schoeman Dock are subject 
to higher wave conditions and are unlikely to settle in the nearshore 
environment along the eastern shoreline of the bay. 
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o in winter the nearshore areas are subject to substantial turbid inflows from 
the Salt and Diep River estuaries that  would “mask” the elevated turbidity 
due to dredging. 

o recreational activities during winter in this region are substantially less than 
in summer. 

·  Visual impacts visible from elevated viewpoints around th e city ( e.g. Table 
Mountain) :  The predicted difference between the impacts predicted for the CSD 
and BHD dredger scenario is only marginally different to those for the TSHD and 
BHD dredge option and therefore the winter CSD and BHD can be considered to 
be representative of the worst case winter scenario. 

·  Ecological Impacts due to sediments entering Diep and Salt Riv er estuaries :  
These impacts are predicted to be greatest for BHD dredger only scenario.  As 
stated above these impacts seemingly are related to the “leaking” of sediments 
from the Ben Schoeman Dock.  This is supported by the fact that although the 
dredging rates simulated for the BHD dredger only option are low, the impact along 
the eastern shoreline (albeit negligible) are greatest for this dredge option.  
Furthermore operations in the TSHD and BHD dredger scenario is such that  most 
of the suspended sediment generated during dredging are related to TSHD 
operations in the outer region of Ben Schoeman Dock where these suspended 
sediments are more easily flushed into the bay.  In the unlikely situation of the 
differences in the suspended sediments concentrations along the eastern shoreline 
being due mostly to re-suspended material from the offshore dredge sites, this 
effect would largely be demonstrated in the CSD winter scenarios.  In summary, 
the impacts due to elevated suspended sediment concentrations along the eastern 
shorelines for the BHD only scenario is expected to be less in winter compared to 
summer (for the reasons indicated in the first bullet) and should these impacts be 
associated with re-suspension of material from the offshore dump-site, such effects 
would largely be included in the winter CSD and BHD dredger scenario 
simulations. 

·  The spatial extent of the region in which the 20 mg/l suspended sediment 
concentration near the seabed is greater for the combined TSHD and BHD dredger 
scenarios than for the combined CSD and BHD scenarios, however the differences 
are mostly for the lower exceedance periods (< 5 days during the 90 day 
simulations).  Furthermore, the expected differences in these impacts between 
these two dredging operations is expected to be less marked for the generally 
higher exceedances observed in winter (compare Figures B1.5 and Figure B7.5 or 
Figures B2.5 and Figure B8.5) due to the fact that the wave conditions in winter are 
sufficiently high for the re-suspension rates and durations of sediment re-
suspension to be similar at both sites compared to summer where the gradients in 
wave stress are likely to result in greater differences in these rates and durations 
during summer. 

·  Shoreline Stability effects:  The shoreline stability effects (if any) are indicated to be 
greatest for the TSHD and BHD dredging operations.  However, the build-up of 
material at the offshore dredge disposal sites is less during the more turbulent 
conditions of winter compared to those of summer.  For this reason the results for 
the summer simulations are deemed to be the most conservative.  
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Table 6.7: Table summarizing the figures of relevance t o assessing the various 
impacts (where n represents the scenario number). 

Description of Impact Relevant Figures 
Visual impacts along the eastern shoreline  n.1 
Visual impacts: Visible from elevated viewpoints around the city (e.g. 
Table Mountain). n.1, n.2 

Visual impacts: At the dump-site n.1 
Ecological Impacts: Sediments entering Diep and Salt River 

estuaries (> 20 mg/l) n.5 

Ecological impacts: Upper water column (20mg/l threshold) n.3a,b 
Ecological impacts: Near seabed (100 mg/l threshold) n.4, n.6a 
Ecological impacts: Near seabed (20 mg/l threshold) n.5, n.6,b 
Ecological impacts on MPA: Near seabed (20 mg/l threshold) n.5, n.7 
Ecological Impacts: Potential smothering effects n.8, n.9 
Ecological Impacts: Impacts associated with the distribution of 
contaminated sediments n.8, n.9 

Shoreline Stability Impacts: 
(maximum sediment thickness at the dump site) 

n.8, n.9 

Toxicity effects of contaminants released from the sediments at the 
disposal site 

n.10, n.11 

Toxicity effects of contaminants released from the sediments in the 
harbour 

n.12, n.13, n.14, n.15 

Toxicity effects of contaminants released from the sediments at the Two 
Oceans aquarium intake n.16 

Sedimentation of previously dredge area and navigation channels n.8, n.9 
Interference with existing shipping n/a 
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Table 6.8: Summary of exceedance of relevant water and sediment quality guidelines and associated pote ntial impacts for the 
summer simulations.  In the table 1, 2, etc refer t o the scenarios 1 to 6 defined in Table 6.6.  

 

Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Visual impacts: Along the 
eastern shoreline 

- - 4 3 2 1 

Model results indicate that elevated suspended sediment concentrations 
exceeding 10 to 20 mg/l are only likely to occur in the surf-zone from 
south of the Diep River extending northwards to Tableview for  scenarios 
3 to 6 limited and then only for limited periods (i.e. 2 to 5 days in the 90 
day simulation period for scenarios 5 and 6 and 1 to 2 days for scenarios 
3 and 4). This occurs only for scenarios 3 to 6, suggesting that these 
elevated suspended sediment concentrations are due to the elevated 
suspended sediment concentrations from dredging operations in the port 
being flushed out of the port over time and accumulating in the more 
quiescent regions in the SE corner of the bay and ultimately being re-
suspended and entering the surf-zone. The visual impact of these 
elevated suspended sediment concentrations is deemed to be negligible 
compared to a) the visual impacts due to sediments entering the bay 
from these estuaries (see Figure 4.1) and b) the expected elevated 
suspended sediment concentrations generally expected in the surf-zone.  
It will be difficult to discern between these potential visible impacts and 
natural variability. 

Visual impacts: In the waters 
surrounding Robben Island 

- - - - - - No impacts are indicated in the waters surrounding Robben Island for 
the summer simulations. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Visual impacts: Visible from 
elevated viewpoints around the 
city (e.g. Table Mountain). 

4 2 3 1 - - 

Visual plumes are predicted to occur for a total of 2 to 5 days reasonably 
close inshore off Mouille Point for Scenarios 1 to 4, the impacts being 
only marginally greater for scenarios 3 and 4 compared to scenarios 1 
and 2, respectively.  This is likely to comprise one or two events when 
dredge material from the dredge disposal site (and possibly to a lesser 
extent from dredging operations in the port) are re-suspended by high 
wave events.  While these plumes are likely to be visible from Signal Hill, 
the discoloration is likely to be barely discernable from any likely vantage 
points.  These plumes are not predicted for Scenarios 5 and 6. However, 
one should take care in interpreting scenarios 5 and 6 as they comprise 
simulation of only part of the dredging operations (13 weeks as opposed 
to the full 68 week period) and may not be fully representative of the full 
dredging operation for the BHD only dredging operation. 

Visual impacts: At the dredge 
disposal sites 

2 1 4 3 6 5 

 
 
At the dump-sites (both Site 1 and Site 2) and for Scenarios 1 to 6  there 
are visual impacts in that plumes are indicated to be visible for a 
cumulative total of 2 to 5 days.  This cumulative total is likely to be made 
up of short duration plumes that occur as each barge dumps its load and 
therefore is not considered significant.  These plumes are indicated to 
occur for less than a cumulative total of 12 hours for Scenarios 5 and 6 
due to the very low dredge disposal rates (i.e. barge loads per day) for 
these scenarios.  The impact although negligible is greatest for 
Scenarios 1 and 2 due to the greater number of hopper barge dumps 
assumed per day for these scenarios. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Ecological Impacts: Sediments 
entering Diep and Salt River 

estuaries 
- - 4 2 3 1 

 
The model results indicate that elevated suspended sediment 
concentrations exceeding 10 to 20 mg/l are only likely to occur in the 
surf-zone in the vicinity of only the Diep River mouth and then only for 
limited periods (2 to 5 days in the 90 day simulation period for scenarios 
5 and 6 and 1 to 2 days for scenarios 3 to 4). The fact that this 
seemingly occurs only for scenarios 3 to 6, suggests that these elevated 
suspended sediment concentrations are due to the elevated suspended 
sediment concentrations from dredging operations in the port being 
flushed out of the port over time and accumulating in the more quiescent 
regions in the SE corner of the bay and ultimately being re-suspended 
and entering the surf-zone.  Note that in Scenarios 3 and 4 the TSHD 
only operates towards the outer part of the Ben Schoeman basin, 
resulting in any suspended sediments that are mobilized during dredging 
being more easily flushed into the bay.  The impact of these elevated 
suspended sediment concentrations is deemed to be negligible 
compared to the sediments entering the estuaries from the river and 
entering the bay from these estuaries (see Figure 4.1). 
 

Ecological impacts: Upper water 
column (20mg/l threshold) 

2 1 4 3 6 5 

The 20 mg/l threshold is only exceeded in the surface layer within the 
confines of the dredge disposal sites (at the most for 2 days during the 3 
month simulation).  The exceedance is greatest for Scenarios 1 and 2 
and is seemingly related to the frequency of hopper barge dumps which 
are the greatest for these scenarios. 

The 20 mg/l threshold is exceeded within Ben Schoeman Dock, however 
this is expected.  The CSD scenario indicates the greatest exceedance 
of this threshold, however the model predicts that this threshold will not 
be exceeded in the Ben Schoeman Dock (except in the very near field 
around the dredger) for more than 10 days during the 90 days duration 
of the model simulations. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Ecological impacts: Near 
seabed (100 mg/l threshold) 

3 1 3 2 6 5 

This threshold is only exceeded at the dredge disposal site locations.  
The days of exceedance of this threshold range from 5 to 10 days for 
Site 2 to 2 to 5 days for Site 1.  For Scenarios 5 and 6 little excedance of 
the threshold is indicated, possibly due to the dumping rate from the 
backhoe operation being so low that the rate of removal of mud from the 
sites (to the extent that this occurs) is close to that of re-suspension of 
mud from the site.   Scenarios 1 and 3 are similar and have the same 
ranking. 

Ecological impacts: Near 
seabed (20 mg/l threshold) 

4 2 3 1 6 5 

The footprint of suspended sediment concentrations near the seabed 
that exceed the 20 mg/l threshold is fairly extensive, particularly for the 
shallow dredge disposal site (Site 2).  Over the 3 month simulations the 
threshold is exceeded for between 10 and 15 days in the immediate 
vicinity of Site1 and exceeding 30 days in the vicinity of Site 2.  The 
exceedance of this guideline is more extensive for the TSHD scenarios 
than the CSD scenarios (mainly in the spatial extent of the lower 
exceedance periods).  The days of exceedance of these guidelines 
extend to 15 to 20 days for Site 1 and exceed 30 days over a more 
extensive area for Site 2.  The significance of this is discussed in 
Lwandle (2006a).  The days of exceedance for scenarios 5 and 6 are 
low (less than 5 days in the vicinity of both Site 1 and Site 2).  These low 
exceedances seemingly are due to the slow rate of dumping associated 
with the backhoe operation.  One should take care in interpreting 
scenarios 5 and 6 as they represent only part of the dredging operations 
(13 weeks as opposed to the full 68 week period). 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Ecological impacts on MPA: 
Near seabed (20 mg/l and 
100 mg/l thresholds) 

1/2 1/2 3/4 3/4 5 6 

 
The time series plots of the suspended sediment concentrations near the 
seabed indicate that the 20mg/l threshold is exceeded at sites 500 m 
and 1 000 m within the MPA but that the gradients in suspended 
sediment concentration are high in that the suspended sediment 
concentration peaks decrease significantly over the 500 m distance 
between the monitoring sites.  The reason for this is that there is a sharp 
change in bathymetry just south of the northern boundary of the MPA 
that limits the ingress of high sediment concentrations near the seabed 
into the MPA (see Figure 5.2). The exceedances are similar for the deep 
and shallow dredge disposal sites despite the shallow site (Site 2) being 
located further away from the MPA northern boundary.  The 
exceedances are marginally greater for Scenarios 1 and 2 compared to 
Scenarios 3 and 4.  The results for Scenarios 5 and 6 seemingly suggest 
limited or no exceedance of the 20 mg/l threshold in the MPA, however 
one should take care in interpreting scenarios 5 and 6 as they represent 
only part of the dredging operations (13 weeks as opposed to the full 68 
week period). 
 
The 100 mg/l threshold is not predicted to be exceeded for any of the 
scenarios considered 

Ecological Impacts: Potential 
smothering effects 

3 1 4 2 6 5 

 
 
 
 
The potential smothering effects are likely to be significant within the 
dredge disposal sites but limited beyond their confines.  This is true for 
all scenarios.  It is likely that scenarios 5 and 6, due to the low rate of 
dumping of dredge spoil will have the least impact in this regard. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Ecological Impacts: Impacts 
associated with the distribution 
of contaminated sediments 

3 1 4 2 6 5 

The sediments re-suspended and re-distributed from the dredge 
disposal Site 1 typically do not exceed 10 cm in close proximity to the 
disposal site and 2 to 5 cm over a more extended, but nevertheless 
limited area around the dredge disposal site.  There is evidence of an 
accumulation of sediments just north of Mouille Point (< 1 cm), however 
these are likely to be removed during large storm events and dispersed 
within the bay or further offshore, depending on the wind direction and 
currents prevailing during and subsequent to the storm event. 

The sediments re-suspended and re-distributed from the dredge 
disposal Site 2 typically do not exceed 10 cm in close proximity to the 
disposal site and 5 cm over a more extended area extending into Table 
Bay.  There is also evidence of deposition of sediments in the vicinity of 
Mouille Point as well as within Table Bay.  The sediment in the vicinity of 
Mouille Point are likely to be removed during large storm events and 
dispersed within the bay or further offshore, depending on the wind 
direction and currents prevailing during and subsequent to the storm 
event.  However the sediments deposited within the deeper regions of 
Table Bay (Figures B2.9 and B2.10) are likely to persist for greater 
periods due to the sheltering of these regions to a greater degree of 
higher wave conditions. 

Shoreline Stability Impacts: 
(maximum sediment thickness 
at the dump site) 

4 2 5 1 6 3 

The 95% exceedance value for sediment thickness at the seabed only 
marginal exceeds 0.3 m at a few locations in the dredge disposal sites, 
but generally < 0.3 m over within the dredge disposal sites.  The impacts 
on shoreline stability (if any) are expected to be greatest for the shallow 
site.  While the impacts have been ranked here it is difficult to assess the 
backhoe dredging operations, however it is expected that is as this takes 
place over a long time that the sediment build-up at the disposal sites 
will be more limited than for the other scenarios. 

Toxicity effects of contaminants 
released from the sediments at 
the disposal site 

- - - - - - 
None of the water quality guidelines for dissolved trace metals are 
predicted to be exceeded at the dredge disposal sites 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Toxicity effects of contaminants 
released from the sediments in 
the harbour 

1 1 3 3 - - 

If it is assumed that a conservative 0.5% of trace metals contained in the 
sediments enter the water column during dredging then the following 
exceedances of the relevant water quality guidelines are expected: 
·  For all scenarios there is compliance with all water quality 

guidelines.  This is due to the trace metal contaminants being 
isolated in the surface layer where they are “discharged” due to the 
summer stratification prevailing in the harbour. 

·  For Scenarios 1 and 2 there is non-compliance with the SA water 
quality guidelines in the surface waters of Ben Schoeman Dock for 
between 20 and 30 days during dredging.  If the ANZECCC 
guidelines are applied this reduces to between 2 and 5 days of non-
compliance only in patches in the harbour. 

·  For Scenarios 3 to 6 there is total compliance with both the SA 
Water Quality and ANZECC Water Quality guidelines in the surface 
waters of Ben Schoeman Dock (except for one or two small 
patches in Scenario 3 and 4). 

·  For scenarios 5 and 6 none of the water quality guidelines for 
dissolved trace metals are predicted to be exceeded in the harbour 
due to the low dredging rates associated with these scenarios. 

If it is assumed that only 0.2% of trace metals contained in the 
sediments enter the water column during dredging then all water quality 
guidelines are complied with for all scenarios (with perhaps one of two 
short duration exceedances of the more stringent SA Water Quality 
guidelines in patches in the harbour for Scenario 1 and 2). 

Scenarios 1 and 2 (necessarily the same in terms of these impacts) is 
greater than those scenarios 3 and 4 (also necessarily the same in terms 
of these impacts). 

It should be noted that the exceedance of the water quality guidelines 
does not occur beyond the confines of the Ben Schoeman Dock. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 3 4 5 6 

Comment 

Toxicity effects of contaminants 
released from the sediments at 
the Two Oceans aquarium 
intake 

- - - - - - 

None of the water quality guidelines are predicted to be exceeded at the 
Two Oceans aquarium intake based on the assumption that < 0.5% of 
the trace metals contained in the sediments enter the water column 
during dredging and dumping activities.  As noted in the text, these 
conclusions may change should the percentage of trace metals entering 
the water column exceed 1 to 2% of the trace metal load in the 
sediments.  

Sedimentation of previously 
dredge area and navigation 
channels 

2 1 2 1 3 1 

The three month model simulations (all scenarios) indicate that 
deposition in the outer extremity of the port entrance channel does not 
exceed 1 cm for dredge disposal site 1 and 5 cm for dredge disposal 
Site 2.  Nearer to the harbour entrance that sedimentation does not 
exceed exceed 0.5 cm for dredge disposal Site 1 and 1 cm for dredge 
disposal site 2.  These are considered to be conservative estimates for 
the simulation period. 

It is not possible to estimate long-term changes based on these short 
simulations, however it can be said with certainty that the probability of 
substantial movement of materials other than the muds towards the port 
entrance channel is greatly reduced for Site 1 (65  to 75m water depth) 
compared to Site 2 (approximate 40m water depth). 

Interference with existing 
shipping 

2 1 2 1 2 1 

While not an outcome of the modeling, this issue is addressed as part of 
this study.  Consultation with the South African Maritime Safety 
Association and the Port Captain indicated that the proposed dump-
sites, whilst carrying some risk in terms of interference with shipping 
(particularly should the dredgers/hopper barges break down), are 
considered acceptable in terms of potential interference with existing 
shipping.  
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Table 6.9: Summary of the comparative exceedance of  relevant water and sediment quality guidelines and  associated potential 
impacts for the summer versus winter simulation sce narios for the CSD and BHD dredging operation.  In the table 1, 2, 
etc refer to the scenarios 1,2,7 and 8 defined in T able 6.6.  

 

Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Visual impacts: Along the 
eastern shoreline 

- - - - 

The model results indicate that in general the spatial extent of the areas indicated to exceed 
10 to 20 mg/l thresholds that represent plume visibility, increases in winter. This is due to the 
increased re-suspension of sediments from the dump-site in winter compared to summer due 
to the higher wave conditions that prevail in winter.  However in terms of impacts along the 
eastern shoreline of the bay there is no change in the extent of impacts indicated for the CSD 
and BHD scenarios considered here as these impacts for these dredge operations are 
negligible for both seasons. 

As noted in the text, visual impacts along the eastern shoreline of Table Bay are associated 
with the other dredge scenarios (i.e. Scenarios 3 to 6, the TSHD and BHD and BHD only 
dredge scenarios).  The bulk of the visual impacts along the eastern shoreline seemingly are 
associated with sediments that “leak” out from the Ben Schoeman Dock during dredging 
activities.  The flushing of the Ben Schoeman Dock is greatly reduced in winter compared to 
summer.  This coupled to the fact that: 

o in winter the sediments that leave the Ben Schoeman Dock are subject to 
higher wave conditions and are unlikely to settle in the nearshore environment 
along the eastern shoreline of the bay. 

o in winter the nearshore areas are subject to substantial turbid inflows from the 
Salt and Diep River estuaries that  would “mask” the elevated turbidity due to 
dredging. 

o recreational activities during winter in this region are substantially less than in 
summer; 

that  the visual impacts along the eastern shoreline of Table Bay for scenarios 3 to 6 are 
expected to be less for a winter dredge period compared to summer dredge period 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Visual impacts: In the waters 
surrounding Robben Island 

- - - 1 

Of potential concern is that the winter scenarios suggest that, for dredge disposal at the 
offshore dredge disposal Site 2,  there may occur  visual plumes along the western shoreline 
of Robben Island for periods of between 2 to 5 days during the simulated dredge period.  No 
such impact is predicted for dredge disposal at Site 1.  However these plume are visible only 
for a limited period and are expected to occur only in winter when ambient turbidity is high, a 
factor that may result in it being difficult if not impossible to attribute observed turbidity plumes 
to elevations in the suspended sediments associated with dredging and dredge disposal 
activities.  It is expected that the CSD and BHD scenarios will adequately represent the likely 
visual impacts in the waters surrounding Robben Island for all dredge scenarios. 

Visual impacts: Visible from 
elevated viewpoints around the 

city (e.g. Table Mountain). 
2 4 2 1 

Visual plumes are predicted to occur for a total of 2 to 5 days reasonably close inshore off 
Mouille Point for Scenarios 1, 2, 7 and 8, the extent of the  impacts being greatest for scenario 
8, similar for scenarios 2 and 7 and the least for Scenario 1. 

This is likely to comprise one or two events when dredge material from the dredge disposal 
site (and possibly to a lesser extent from dredging operations in the port) are re-suspended by 
high wave events.   Higher wave events are expected in winter compared to summer that the 
greater impacts indicated for winter.   

While these plumes are likely to be visible from Signal Hill, the discoloration is likely to be 
barely discernable from any other likely vantage points.   

Furthermore the marginally higher occurrence and spatial extent of plumes in winter is likely to 
be masked by the generally higher turbidity expected during this season. 

It is expected that the CSD and BHD scenarios will adequately represent the likely visual 
impacts observable from viewpoints around the city for all dredge scenarios. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Visual impacts: At the dredge 
disposal site 

3 1 3 2 

 
At the dump-sites (both Site 1 and Site 2) and for Scenarios 1 to 6  there are visual impacts in 
that plumes are indicated to be visible for a cumulative total of 2 to 5 days, but generally < 2 
days.  The impacts are greatest for Site 1 during summer (i.e. Scenario 2), somewhat reduced 
for Sit e12during the winter, but largely similar for Site 2, no matter what the season. 
 
An explanation for the higher impacts observed during summer is that the visual plumes at the 
offshore dredge disposal site are due to the release of fines into the surface layers during 
dredge dumping.  The higher surface currents observed at the dredge disposal sites during 
summer (due to strong SE winds and increased water column stratification) mean that the 
plumes are advected over greater distance before being dispersed  
 
It is expected that the CSD and BHD scenarios will adequately represent the likely visual 
impacts at the dredge disposal sites for all dredge scenarios. 

Ecological Impacts: Sediments 
entering Diep and Salt River 

estuaries 
- - - - 

 
The model results for summer indicate that elevated suspended sediment concentrations 
exceeding 10 to 20 mg/l are only likely to occur in the surf-zone in the vicinity of only the Diep 
River mouth and then only for limited periods (2 to 5 days in the 90 day simulation period for 
scenarios 5 and 6 and 1 to 2 days for scenarios 3 to 4).  
 
The impacts due to elevated suspended sediment concentrations along the eastern shorelines 
for the BHD only scenario (i.e. Scenarios 5 and 6) is expected to be less in winter compared to 
summer (for the reasons indicated in the first entry in this table).  The winter simulations for the 
CSD and BHD dredging operations therefore provide no additional information on the likely 
worst case scenario as this is represented by the summer simulations for the BHD only dredge 
scenarios (i.e. Scenarios 5 and 6). 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Ecological impacts: Upper 
water column (20mg/l 
threshold) 

2 1 4 2 

The 20 mg/l threshold is only exceeded in the surface layer within the confines of the dredge 
disposal sites (at the most for 2 days during the 3 month simulation).  The exceedance is 
greatest for Scenarios 1 and 2 and compared to the winter scenarios 7 and 8.   

An explanation for the higher impacts observed during summer is that the higher suspended 
sediment concentrations at the surface at the offshore dredge disposal site are due to the 
release of fines into the surface layers during dredge dumping.  The higher surface currents 
observed at the dredge disposal sites during summer (due to strong SE winds and increased 
water column stratification) mean that the plumes are advected over greater distance before 
being dispersed 

The 20 mg/l threshold is exceeded within Ben Schoeman Dock, however this is expected.  The 
CSD scenario indicates the greatest exceedance of this threshold, however the model predicts 
that this threshold will not be exceeded in the Ben Schoeman Dock (except in the very near 
field around the dredger) for more than 10 days during the 90 days duration of the model 
simulations. 

Ecological impacts: Near 
seabed (100 mg/l threshold) 

4 2 2 1 

In general this threshold is only exceeded at the dredge disposal site locations and mostly 
confined within the dredge disposal site boundaries, except for Scenario 7 where the 100 mg/l 
guidelines is exceeded over a fairly extensive area beyond the confines of the dredge disposal 
site.   

The days of exceedance of this threshold range from < 2 days in summer to < 10 days in 
winter at the Site 1 (Scenarios 1 and 2). The spatial extent of the area where the 100 mg/l 
threshold is exceeded extends a little beyond the dredge disposal site boundaries in winter 
resulting in only a limited exceedance of this threshold within the Table Mountain National 
Park MPA northern boundary and then only for a total of < 2 days over the 90 day simulation. 

For Site 2 the days of exceedance of this threshold range from < 10 days for  the summer 
simulations to 15 to 20 days during the winter simulation.  As noted above the spatial extent of 
the area that exceeds the 100 mg/l threshold extends over a fairly extensive area beyond the 
confines of the dredge disposal site but does not however impinge upon the Table Mountain 
National Park MPA northern boundary.   
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Ecological impacts: Near 
seabed (20 mg/l threshold) 

4 3 2 1 

For both Site 1 and Site 2 the footprint of suspended sediment concentrations near the seabed 
that exceed the 20 mg/l threshold is fairly extensive.  For Site 1 The days of exceedance of the 
20 mg/l thresholds increases from < 10 days to between 15 and 20 days over a fairly extensive 
region of the bay.  For Site 2 the spatial extent of the exceedance increases significantly for 
the winter simulations compared to the summer simulation.  Furthermore, the model results 
indicate that the spatial extent of the area exceeding this 20 mg/l threshold will be such that it 
impinges on the one nautical mile limit around Robben Island.  The implication of this is 
addressed in greater detail in the Sediment Toxicology and Marine Ecology specialist study 
(Lwandle, 2006a). 

It is expected that the CSD and BHD scenarios will adequately represent the potential impacts 
associated with the exceedance of the 20 mg/l threshold in suspended sediments near the 
seabed. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Ecological impacts on MPA: 
Near seabed (20 mg/l and 100 
mg/l thresholds) 

4 3 1 1 

The time series plots of the suspended sediment concentrations near the seabed for dredge 
disposal at Site 1 during summer indicate that the 20mg/l threshold is exceeded at sites 500 m 
and 1 000 m within the MPA (< 5 days at 1 000 m).  This exceedance  increases substantially 
in winter (10 to 15 days at 1 000 m).  The exceedance of this 20 mg/l trigger value of 
guidelines in winter extends reasonably far south into the Table Mountain National Park MPA 
(i.e. the “multi-use” area of the MPA that includes the Green Point and Camps Bay outfalls)  
but does not seem to significantly impinge upon the Karbonkelberg Marine Reserve (a “no-
take” sanctuaries where any form of fishing is prohibited).  The days of exceedance of this 20 
mg/l threshold, if exceeded in the Karbonkelberg Marine Reserve, will not be exceeded for 
more that 2 days during the 90 day dredging simulation.  The northernmost limit of the 
Karbonkelberg Marine Reserve lies some 8.7  km south of the northern boundary of the  Table 
Mountain MPA.   For Site 2 a similar increase in the extent of the area where the 20 mg/l 
threshold is exceeded, is observed.  Similar to Site 1, the area within which the 20 mg/l trigger 
value)  is exceeded does not seem to significantly impinge upon the Karbonkelberg Marine 
Reserve and the  exceedance of this 20 mg/l threshold, if indeed exceeded in the 
Karbonkelberg Marine Reserve, will not be exceeded for more that 2 days during the 90 day 
dredging simulation.   
 
The 100 mg/l threshold is not predicted to be exceeded for any of the scenarios considered 
other than Scenario 7 (i.e. winter) where this threshold is predicted to be exceeded for < 2days 
and then only for a distance of < 500 m within the northern boundary of the Table Mountain 
National Park MPA. 
 
I should be noted that the exceedances of the 20 mg/l threshold indicated by the modeling in 
the Table Mountain National Park MPA are mostly due to one extreme event, a large winter 
storm in which the crane-barge the Bos400 went aground off Llandudno.  IN terms of the NW 
winds reported this was a one in 2 to 4 year occurrence while the waves reported would be 
expected to occur at least each winter..  
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Ecological Impacts: Potential 
smothering effects 

2 1 3 3 

 
The potential smothering effects are likely to be significant within the dredge disposal sites but 
limited beyond their confines.  This is true for all scenarios.  It is likely that scenarios 5 and 6, 
due to the low rate of dumping of dredge spoil will have the least impact in this regard. 
 
Comparison of the summer and winter simulations indicate that the extent and depth of 
sediments deposited around the dump-sites is less in winter than in summer.  This is not due 
to the re-suspension of sediments being more limited in summer.  On the contrary, more 
sediments are re-suspended in winter, but due to the generally turbulent conditions due to the 
higher waves in winter do not settle in the bay but are advected out of the bay and dispersed. 
 

Ecological Impacts: Impacts 
associated with the distribution 
of contaminated sediments 

2 1 4 3 

Comparison of the distribution of sediments in winter compared to summer indicate that 
although more dredge material is re-suspended from the dredge disposal sites in winter, the 
more turbulent conditions prevailing in winter due to the high wave that prevail, prevent these 
sediments from settling in the bay.  Most of the sediments re-suspended from the dredge 
disposal site are advected out of the bay and dispersed.   

Similar to the summer season, the extent of these impacts is greatest for Site 2 compared to 
Site 1. 

Shoreline Stability Impacts: 
(maximum sediment thickness 
at the dump site) 

2 1 2 1 

In summer the 95% exceedance value for sediment thickness at the seabed only marginal 
exceeds 0.3 m at a few locations in the dredge disposal sites, but generally < 0.3 m  within the 
dredge disposal site boundaries.  The sediment thickness on the seabed is predicted to be 
less in winter than in summer for both of the proposed dredge disposal sites due to the 
increased re-suspension of sediments in winter compared to summer. 

It is not clear whether the potential impacts on shoreline stability (if any) would be greater in 
summer of winter.  While in winter the sediment thickness is reduced, the waves that prevail 
are larger and of a longer period and thus are affected by proportionately smaller changes in 
the seabed. 

The shoreline stability impacts are expected to be negligible for the deep dredge disposal site 
(Site 1)  and are indicated to be limited if not negligible for the shallow dredge disposal site 
(Site 2). 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Toxicity effects of contaminants 
released from the sediments at 
the disposal site 

- - - - 
None of the water quality guidelines for dissolved trace metals are predicted to be exceeded at 
the dredge disposal sites. 

Toxicity effects of contaminants 
released from the sediments in 
the harbour. 

2 2 1 1 

If it is assumed that a conservative 0.5% of trace metals contained in the sediments enter the 
water column during dredging then the following exceedances of the relevant water quality 
guidelines are expected: 
·  For all scenarios there is compliance with all water quality guidelines in the bottom 

waters.  This is due to the trace metal contaminants being isolated in the surface layer 
where they are “discharged” due to the summer stratification prevailing in the harbour. 

·  For the CSD and BHD dredge scenario, the impacts are predicted to be the  greatest for 
all dredge scenarios assessed. In summer there is non-compliance with the SA water 
quality guidelines in the surface waters of Ben Schoeman Dock for between 20 and 30 
days during dredging.  This increases to > 30 days in winter. 

·  If the ANZECCC guidelines are applied the exceedance of the ANZECC guidelines is 
approximately 2 and 5 days in patches in the harbour.  This increases to < 10 days over 
most of the Ben Schoeman Dock in winter. 

The increased risk of potential impacts indicated for winter is due to the fact that the water in 
the harbour typically are well-mixed in winter and subject to generally weaker (NW) winds 
compared to summer when the water column is typically highly stratified and subject to strong 
SE winds that result in effective flushing of the harbour waters. 

If it is assumed that only 0.2% of trace metals contained in the sediments enter the water 
column during dredging then the indicated risk and magnitude of potential impacts are 
significantly reduced.   

It should be noted that the exceedance of the water quality guidelines does not occur beyond 
the confines of the Ben Schoeman Dock. 
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Ranking of Scenarios Description of potential 
environmental impact 1 2 7 8 

Comment 

Toxicity effects of contaminants 
released from the sediments at 
the Two Oceans aquarium 
intake 

- - - - 

In both summer and winter none of the water quality guidelines are predicted to be exceeded 
at the Two Oceans aquarium intake based on the assumption that < 0.5% of the trace metals 
contained in the sediments enter the water column during dredging and dumping activities.  As 
noted in the text, these conclusions may change should the percentage of trace metals 
entering the water column exceed 1 to 2% of the trace metal load in the sediments.  

Sedimentation of previously 
dredge area and navigation 
channels 

2 1 3 3 

The three month model simulations (all scenarios) for summer indicate that deposition in the 
outer extremity of the port entrance channel does not exceed 1 cm for dredge disposal site 1 
and 5 cm for dredge disposal Site 2.  Nearer to the harbour entrance that sedimentation does 
not exceed 0.5 cm for dredge disposal Site 1 and one cm for dredge disposal site 2.  These 
are considered to be conservative estimates for the simulation period. 

In winter the sedimentation is indicated to be less than one cm for the 90 duration of the 
simulation.  Consequently summer conditions constitute the worst case scenario as wave 
height  are smaller and consequently the  turbulence less near the seabed in summer 
compared to winter,  

It is not possible to estimate long-term changes based on these short simulations, however it 
can be said with certainty that the probability of substantial movement of materials other than 
the muds towards the port entrance channel is greatly reduced for Site 1 (65  to 75m water 
depth) compared to Site 2 (approximate 40m water depth). 

Interference with existing 
shipping 

2 1 2 1 

While not an outcome of the modeling, this issue is addressed as part of this study.  
Consultation with the South African Maritime Safety Association and the Port Captain 
indicated that the proposed dump-sites, whilst carrying some risk in terms of interference with 
shipping (particularly should the dredgers/hopper barges break down), are considered 
acceptable in terms of potential interference with existing shipping.  
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6.6 Assumptions and limitations of the modelling st udy 

The assumptions and limitations of the study are as follows: 

·  The potential impacts are significantly influenced by the dredge project description 
and thus are relevant to the range of technologies and dredging operations 
provided by Transnet.   

·  It is assumed that the requirement to spread the dredge spoil more or less evenly 
over the site can be met.  If this does not occur, the sediment thicknesses indicated 
by the modelling will be exceeded locally.  The relevance of this is greatest for the 
shallow dredge disposal site (Site 2) and is addressed in greater detail in the 
Shoreline Stability specialist study (Smith, 2006); 

·  There exists considerable uncertainty in the model parameters such as critical 
shear stress of deposition, critical shear stress of erosion and re-suspension rates  
of sediments at the seabed. (We have constrained these uncertainties by 
appropriate review of the literature where effects of sand/mud mixtures, cohesive 
behaviour, etc have been considered.  Model sensitivity tests have indicated that 
the model results are sensitive to changes in the combination of sediment transport 
parameterisations used in the modelling study.  The model parameters used, 
however, are the best available and are expected to provide sufficiently robust 
results for the purposes of this study.); 

·  The potential impacts associated with contaminated sediments are sensitive to the 
assumed percentage of the trace metal load in the dredged sediments that enter 
the water column during dredging and dredge disposal activities (i.e. assumed 
remobilisation factors for trace metals). Should this percentage be significantly 
higher than assumed here (e.g. 1 to 2% of the total trace metal load in the 
sediments) it is likely that the conclusions in terms of potential impacts could 
change and possibly be of concern in and around the harbour and at the Two 
Oceans Aquarium intake.  While the remobilisation factors are based on a limited 
number of elutriation analyses (see Appendix A) that compare well with those 
inferable from other studies on contaminated sediments (e.g. Pennekamp et al., 
1996; Guevara-Riba et al., 2004), it may be prudent to confirm these with 
additional (i.e. more comprehensive sampling) elutriation analyses of the 
sediments targeted to be dredged prior to dredging; 

·  The limitations on model resolution places limitations on the ability to assess very 
near-field effects.  In general the model results are robust beyond a 200 to 500 m 
radius in the offshore and an approximate 100 to 150 m radius in the port.  Within 
these radii, the suspended sediment and tracer contamination effects may be 
greater than indicated by the modelling.  This limitation is typical of such modelling 
studies and is best resolved by referring to literature on the impacts in the 
immediate vicinity of dredging and dumping operations for the various technologies 
proposed or, more conservatively, by treating such a small zone in the immediate 
vicinity of the dredging and dumping operations are being a temporary “sacrificial 
zone”.    

·  The backhoe only dredge operation simulations are deemed to provide a 
conservative outcome in terms of the thickness of sediments at the dredge 
disposal site and the area surrounding it once scaled up by a factor of 68/13 to 
allow for the full dredging and dredge disposal duration.  However this is not 
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necessarily the case for the distribution of contaminated sediments around and 
away from the site, where the results for the backhoe only dredging option is 
possibly less conservative than reality due to the reasons stated above.  Similarly 
the sediment plumes and water column turbidity may be less conservative than 
reality, as not all of the sediments to be dredged from the Ben Schoeman Dock will 
have been placed in the marine environment over the shorter 13 week simulation 
period.  The results therefore are deemed sufficiently quantitative to rank the 
impacts associated with the various dredge operations (i.e. backhoe operations 
generally result in lower impacts than the other high-rate dredge operations), but 
not sufficiently quantitative to use the simulations to determine the absolute 
impacts associated with the backhoe only dredge operations over the full 68 week 
period. 

·  In general where there has been uncertainty, conservative assumptions have been 
made.  The assumption of the shortest duration possible for dredging operations is 
possibly the most conservative of these assumptions. 
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7. Environmental Impact Assessment 
 
 

7.1 Identification of Potential Environmental Impac ts 

The potential impacts of dredging and dredge disposal operations are summarised in the 
following specialist studies: 

·  Shoreline Dynamics specialist study -  potential impacts on the shoreline stability; 

·  Sediment Toxicology and Marine Ecology specialist study. 

 
The visual impacts specific to the marine environment are assessed in this report as input 
to the Visual Impact Assessment specialist study.  Furthermore potential impacts 
associated with the dredge spoil being re-suspended and being deposited in existing 
navigation channels are addressed here as are the potential effects of the interference of 
dredging operations with existing shipping traffic. 
 
All other potential environmental impacts in the marine environment have been assessed 
in the specialist reports listed above.  The modelling report primarily serves to inform these 
impact assessments in the specialist reports referred to above. 
 
In summary the potential environmental impacts assessed within the study are: 

·  Visual impacts: Along the eastern shoreline; 

·  Visual impacts: Visible from elevated viewpoints around the city (e.g. Table 
Mountain); 

·  Visual impacts at the dredge disposal site(s); 

·  Deposition of sediments from the dredging operations in existing dredge areas 
and/or navigation channels; 

·  Interference with existing shipping traffic. 

 

7.2 Impact Assessment 

7.2.1 Visual impacts: Along the eastern shoreline o f Table Bay 

Extent  The extent of any potential impact would be local, i.e. within Table Bay in 
the surf-zone from south of the Diep River extending northwards to 
Tableview. The model results indicate that elevated suspended sediment 
concentrations exceeding 10 to 20 mg/l are only likely to occur for 
scenarios 3 to 6 and then only for a total duration of 2 to 5 days during the 
3 month dredging period, suggesting that these elevated suspended 
sediment concentrations are due to the elevated suspended sediment 
concentrations from dredging operations in the port being flushed out of 
the port over time and accumulating in the more quiescent regions in the 
SE corner of the bay and ultimately being re-suspended and entering the 
surf-zone. The visual impact of these elevated suspended sediment 
concentrations is deemed to be negligible compared to the visual impacts 
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due to sediments entering the estuaries from the rivers and entering the 
bay from these estuaries (see Figure 4.1) as well as the expected 
elevated suspended sediment concentrations expected in the surf-zone. 
These impacts are expected to be the greatest during summer when the 
waters of the bay are the least turbid (due to limited run-off from the Diep 
and Salt Rivers and upwelling of clear deep waters into the bay). 
Furthermore, recreational activities in the bay are greatest in summer. 

In general it will be difficult to discern between these potential visible 
impacts and natural variability. 

Intensity  Low intensity as the visible plumes in the surf zone are likely to co-occur 
with natural turbidity events and not be easily discernable against the 
background. 

Duration  Short-term as visible plumes occur for only limited periods (maximum of 2 
to 5 days in the 90 day simulation period) and the occurrence is expected 
to decrease fairly rapidly thereafter. 

Consequence  As a result of the above ratings, a consequence rating of “very low” is 
determined from the Impact Assessment Guidelines. 

Probability   The potential minor effect is assessed to be “probable” but at the low 
intensity and occurrence indicated. 

Significance   A significance rating of “very low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “very low” 
consequence and a “probable” probability. 

Status  Negative 

Confidence  Medium to high as the assessment is based on model results and 
thresholds of visual impact that themselves are uncertain. 

Mitigation Possible use of silt screens in the Ben Schoeman Dock, however the 
practicality and efficacy of such measures in a working harbour is 
debatable.  It may be preferable that the Environmental Monitoring Plan 
and Dredge Tender documents include specifications as the turbidity 
levels not to be exceeded as the entrance/exit to the Ben Schoeman 
Dock during dredging operations.  The recommended levels are likely to 
range from 80 to 100 mg/l but will need both to be reasonable and at 
sufficiently conservative levels to mitigate specific predicted 
environmental impacts.  It is best that it be left up to the dredge operators 
to select appropriate mitigation measures to meet these specifications 
rather than specify these a priori in the Environmental Monitoring Plan. 

 
 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

 



Ben Schoeman Dock Berth Deepening Project: Dredging and Disposal of Dredge Spoil Modelling Study 

 

120 

7.2.2 Visual impacts: In the waters surrounding Rob ben Island 

Extent  Of potential concern is that the winter scenarios suggest that, for dredge 
disposal at the offshore dredge disposal Site 2,  there may occur  visual 
plumes along the western shoreline of Robben Island for periods of 
between 2 to 5 days during the simulated dredge period.  No such impact 
is predicted for dredge disposal at Site 1.  However, these plume are 
visible only for a limited period and are expected to occur only in winter 
when ambient turbidity is high, a factor that may result in it being difficult if 
not impossible to attribute observed turbidity plumes to elevations in the 
suspended sediments associated with dredging and dredge disposal 
activities. 

Intensity  Low intensity as the visible plumes in the surf zone are likely to co-occur 
with natural turbidity events and not be easily discernable against the 
background. 

Duration  Short-term as visible plumes occur for only limited periods (maximum of 2 
to 5 days in the 90 day simulation period) and the occurrence is expected 
to decrease fairly rapidly thereafter. 

Consequence  As a result of the above ratings, a consequence rating of “very low” is 
determined from the Impact Assessment Guidelines. 

Probability   The potential minor effect is assessed to be “probable” but at the low 
intensity and occurrence indicated. 

Significance   A significance rating of “very low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “very low” 
consequence and a “probable” probability. 

Status  Negative 

Confidence  Medium to high as the assessment is based on model results and 
thresholds of visual impact that themselves are uncertain. 

Mitigation None possible other than to not select Site 2 as a dredge disposal Site. 

 
 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

 

7.2.3 Visual impacts: From elevated viewpoints arou nd the city 

Extent Visual plumes are predicted to occur for a total of 2 to 5 days reasonably 
close inshore off Mouille Point for Scenarios 1 to 4 and 7 and 8.  This is 
likely to be comprise one or two events when dredge material from the 
dredge disposal site (and possibly to a lesser extent from dredging 
operations in the port) are re-suspended by high wave events.  While 
these plumes are likely to be visible from Signal Hill, the discoloration is 
likely to be barely discernable from any likely vantage points. The impacts 
are predicted to be marginally greater for dredging and dredge disposal 
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activities in winter.  The reason for this is explained in Table 6.9.  These 
plumes are not predicted for Scenarios 5 and 6. 

Intensity  Low intensity as the visible plumes are likely to co-occur with natural 
turbidity events and be not easily discernable against the background 
from most vantage points. 

Duration Short-term as v isible plumes occur for only limited periods (2 to 5 days in 
the 90 day simulation period) and the occurrence is expected to decrease 
fairly rapidly thereafter. 

Consequence As a result of the above ratings, a consequence rating of “very low” is 
determined from the Impact Assessment Guidelines. 

Probability  The potential minor effect is assessed to be “probable” but at the low 
intensity and occurrence indicated. 

Significance  A significance rating of “very low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “very low” 
consequence and a “probable” probability. 

Status Negative 

Confidence  Medium to high as the assessment is based on model results and 
thresholds of visual impact that themselves are uncertain. 

Mitigation As most of the sediments originate from the dredge disposal sites the 
only mitigation is to select the deeper dredge disposal site where there is 
a lesser mobility of sediments, however the impacts for the two sites are 
similar. 

 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

 

7.2.4 Visual impacts: At the dredge disposal sites 

Extent At the dump-sites (both Site 1 and Site 2) and for Scenarios 1 to 8  there 
are visual impacts in that plumes are indicated to be visible for a 
cumulative total of 2 to 5 days.  This cumulative total is likely to be made 
up of short duration plumes that occur as each barge dumps its load and 
therefore is not considered significant.  These plumes are indicated to 
occur for less than a cumulative total of 12 hours for Scenarios 5 and 6 
due to the very low dredge disposal rates (i.e. barge loads per day) for 
these scenarios.  The impact although negligible is greatest for Scenarios 
1 and 2 due to the greater number of hopper barge dumps assumed per 
day for these scenarios.  The impacts, although negligible, are greatest in 
summer.  The reason for this is explained in Table 6.9. 

Intensity  Low intensity as the visible plumes are unlikely to be visible from land or 
sea for most recreational activities.  The visual impacts are associated 
with actual dumping operations and a short period thereafter. 
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Duration Short-term as visible plumes occur for only limited periods (2 to 5 days in 
the 90 day simulation period) and the occurrence will cease when dredge 
disposal operations cease. 

Consequence As a result of the above ratings, a consequence rating of “very low” is 
determined from the Impact Assessment Guidelines. 

Probability  The potential minor effect is assessed to be “probable” but at the low 
intensity and occurrence indicated. 

Significance  A significance rating of “very low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “very low” 
consequence and a “probable” probability. 

Status negative 

Confidence  Medium to high as the assessment is based on model results and 
thresholds of visual impact that themselves are uncertain. 

Mitigation The use of larger hopper barges will result in fewer dredge disposal 
dumps per day with a concomitant reduction in the number of occasions 
dredge dumping related surface plumes occur. 

 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low Probable VERY LOW -ve 

Medium to 
high 

 
7.2.5 Effects of deposition of sediments from the d redging operations in 

existing dredge areas and/or navigation channels 

Extent: The impact is local but “global” in the sense that the whole navigation and 
entrance channel may be affected.   

Intensity  Medium in that the three month model simulations (all summer scenarios) 
indicate that deposition in the outer extremity of the port entrance channel 
occurs does not exceed 1 cm for dredge disposal site 1 and 5 cm for 
dredge disposal site 2.  Nearer to the harbour entrance that 
sedimentation does not exceed 0.5 cm for dredge disposal site 1 and one 
cm for dredge disposal site 2.  These are considered to be conservative 
estimates for the simulation period.  In winter the impacts are significantly 
less.  The reason for this is explained in Table 6.9. 

Duration As the sediments will continue to be re-distributed for a significant period 
of time the duration could conservatively be considered to be medium-
term. 

Consequence As a result of the above ratings, a consequence rating of “low” is 
determined from the Impact Assessment Guidelines. 

Probability  The effect as describe above is assessed to be “probable”. 

Significance  A significance rating of “low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “low” consequence 
and a “probable” probability. 
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Status Negative 

Confidence  Low to medium as it is not possible to estimate long-term changes based 
on these short simulations, however it can be said with certainty that the 
probability of substantial movement of materials other than the muds 
towards the port entrance channel is greatly reduced for Site 1 (65  to 
75m water depth) compared to Site 2 (approximate 40m water depth). 

Mitigation None for the existing proposed dredge disposal sites. 

 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Medium 

2 
Medium-term 

2 
Low 

5 
Probable LOW -ve 

Low to 
medium 

With mitigation 
Local 

1 
Medium 

2 
Medium-term 

2 
Low 

5 
Probable LOW -ve 

Low to 
medium 

 
 
7.2.6 Interference with existing shipping traffic 

Extent The potential impact is local, however should there be a collision of 
vessels the consequences could be regional - consultation with the South 
African Maritime Safety Association and the Port Captain indicated that 
the proposed dump-sites, whilst carrying some risk in terms of shipping 
(particularly should the dredgers/hopper barges break down), are 
acceptable and can be managed.  The risk are expected to be greatest in 
winter when the metocean conditions are the most severe thus increasing 
the likelihood of break-downs and reducing the manoeuvrability of 
vessels. 

Intensity  Low intensity as shipping and hopper barges should be able to be 
managed safely using existing port shipping management systems. 

Duration Short-term as the risks will only exist during dredging operations. 

Consequence As a result of the above ratings, a consequence rating of “very low” is 
determined from the Impact Assessment Guidelines. 

Probability  The potential minor effect is assessed to be “definite”. 

Significance  A significance rating of “very low” is determined, referring to the Impact 
Assessment Guidelines, from the combination of a “very low” 
consequence and a “probable” probability. 

Status Negative 

Confidence  Medium to high as the assessment is based on model results and 
thresholds of visual impact that themselves are uncertain. 

Mitigation None for the existing proposed dredge disposal sites 

 Extent Intensity Duration Consequence Probability Significance Status Confidence 

Without mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Definite VERY  LOW -ve 

Medium to 
High 

With mitigation 
Local 

1 
Low 

1 
Short-term 

1 
Very Low 

3 
Definite VERY  LOW -ve 

Medium to 
High 



Ben Schoeman Dock Berth Deepening Project: Dredging and Disposal of Dredge Spoil Modelling Study 

 

124 

8. Conclusions and Recommendations 
 

While the exact nature of the relevant impacts are assessed in the other related specialist 
studies for this EIA, the conclusion of this study is that, in terms of minimising potential 
environmental impacts, dredge disposal at the deeper site is preferred.  In general, the 
deeper the dredge disposal site the less the likely environmental impacts in Table Bay. 
 

Recommendations of this study are: 

·  Given the differences in the impacts associated with the various dredge scenarios 
and technologies, that the potential environmental impacts be re-assessed should 
the dredge technology, nature of operations and durations be significantly different 
to those assessed within this specialist study.  It should be noted that this study 
has consistently considered the “worst case” scenario for each of the dredge 
technologies considered.  For example, the model results are sensitive to the 
assumed dredge rates, the nature of the dredging (e.g. TSHD versus backhoe), the 
barge sizes and nature of the dumping (larger barges with instantaneous dumping 
are likely to result in the least environmental impacts at the dredge disposal site.)    

·  Special care will be required to ensure that the sediment is more or less evenly 
distributed over the dredge disposal site by the end of dredging and to minimise 
the occurrence of localised “mounds”.  This requirement is particularly relevant to 
the shallow dredge disposal site (Site 2).  This requirement should be specified in 
the dredge tender documents. 

·  That the results of this study be used to inform monitoring requirements and 
specifically the Environmental Management Plan associated with dredging 
activities. 

·  That, if possible, a beneficial use be found for the rock that is to be removed from 
the port.  Not only does the addition of rock at the dredge disposal site increase the 
change in seabed elevation (with all the associated potential impacts on shoreline 
stability, if any, and potential ecological impacts at the site), it also increases the 
uncertainty in the model parameters such as critical shear stress of erosion and re-
suspension rates of the sediments, i.e. increases the uncertainty in the modelling.   

·  That appropriate mitigation measures be instituted during dredging operations.  
Mitigation measures such as silt screens are unlikely to be practical in a working 
harbour, incompatible with TSHD operations and likely to be of limited value.  It 
may be preferable that the Environmental Monitoring Plan and Dredge Tender 
documents include specifications as the turbidity levels not to be exceeded as the 
entrance/exit to the Ben Schoeman Dock during dredging operations.  The 
recommended levels are likely to range from 80 to 100 mg/l but will need both to 
be reasonable and at sufficiently conservative levels to mitigate specific predicted 
environmental impacts.  It is best that it be left up to the dredge operators to select 
appropriate mitigation measures to meet these specifications rather than specify 
detailed mitigation measures a priori in the Environmental Monitoring Plan. 

·  In terms of potential toxicity effects, if there remains concern around these issues, 
additional elutriation tests, may be required prior to the commencement of dredging 
operations. 
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·  An appropriate environmental baseline for the potential impacts from dredging 
operations (e.g. water quality at the Two Oceans intake) needs to be obtained.  
Specifically it is recommended that a baseline be obtained for “indicator” trace 
metals (copper and zinc) and suspended sediments (and possibly the nutrient, 
particularly ammonium levels) and that these quantities be appropriately monitored 
at the Two Ocean Aquarium during the dredging operations. 

·  That the opportunity of the proposed dredging operation be utilised to better 
constrain uncertainties in the model predictions.  Specifically, the survey data 
gained on the candidate dump sites in this study needs to be utilised in tracking 
changes associated with dredge spoil dumping over a realistic time span to show 
rates of benthos recovery and provide information on dumped dredge spoil 
behaviour. Opportunities for this have not been created in the past and the 
baseline data set will be an invaluable tool in understanding the effects and 
implications of the marine disposal of dredge spoil on South Africa's inner 
continental shelf. 
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