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Chapter 5. Marine Mining Impacts and Impact Mechanisms

Authors: A. Pulfrich, A.J. Penney & N. Steffani

Exploration, prospecting, mining and processing methods and tools used, historically
and currently, by the marine diamond mining sectors along the Namibian and South
African coasts are described in Chapter 4: Development and Description of Marine
Diamond Mining. The early period of development of these methods, particularly
associated with the coastal mining of gravel terraces north and south of the Orange
River mouth between 1920 and 1950, pre-date any documented expression of
environmental concerns. Even the early intertidal and marine mining operations that
developed gradually between 1950 and 1970 did not seem to attract much in the way
of environmental interest.

To some extent, this was a consequence of the fact that neither Namibia nor South
Africa had comprehensive environmental protection legislation in those years. EXxisting
coastal protection legislation at the time only really related to protection of islands and
their associated seabirds and seal colonies. More importantly, prior to about 1980,
declines in Benguela region fisheries were attributed mainly to over-fishing, although
with slowly increasing awareness of the possibility that environmental factors were
probably influencing the productivity of short-lived small pelagic species such as
pilchards (Hampton et al. 1998; Shannon & O'Toole 2003). However, continuing
declines in fisheries after 1980, most particularly the rapid decline in rock lobster
catches after 1988, and the resulting imposition of repeated commercial TAC cuts,
resulted in rapid escalation in concern, and allegations that other anthropogenic
activities, particularly marine diamond mining, must have been at least partially
responsible for these declines (Tomalin 1993, 1996).

After changes in government in Namibia after 1990, and in South Africa after 1994,
political imperatives to provide for increased access to fishing rights for new entrants,
added impetus to these expressions of concern. Along the west coast, demands
focused on the rock-lobster fisheries. Substantial pressure from aspirant new entrants
for quota allocations clashed directly with scientific advice for further TAC reductions, in
the face of continuing declines in rock lobster productivity, replacement yields and
catch rates. Following promulgation of the South African National Environmental
Management Act (Act 107 of 1998), and the inclusion of the principles of this Act
relating to environmental impact assessment into the South African Minerals &
Petroleum Resources Development Act (Act 28 of 2002), emphasis on the requirement
for comprehensive EIAs for all marine and coastal mining operations escalated rapidly.

Although the Namibian Environmental Management Bill was passed by Parliament on
18 October 2007, the subsequent Environmental Management Act has still to be
promulgated. However, many of the principles therein relating to EIAs were
incorporated into the Namibian Minerals Act (Act 33 of 1992). The combination of
escalating concern at the potential impacts of marine mining on lobster fisheries, and
the imposition of stringent environmental impact assessment requirements, resulted in
EIA consultation processes over the period 1990 - 2005 documenting a rapidly
increasing list of issues of environmental concern raised by stakeholders.

Over the past decade, numerous expert reports, baseline surveys, before-after/control-
impact studies and recovery monitoring surveys have been conducted to investigate
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the many concerns raised at these stakeholder consultations. These research efforts
have resulted in numerous publications, ranging from academic theses and peer-
reviewed scientific papers, to the many contracted client reports under-pinning these
ElAs. These reports, all of which have been reviewed in one or other Chapter in this
report, have greatly improved understanding of the mechanisms, probability, extent,
magnitude and cumulative nature of these impacts. These studies have concluded that
many of the alleged impacts either do not occur, or are insignificant in comparison with
natural processes in the region (see Chapter 3: Ecosystems and Environmental
Processes), or with the impacts of fisheries themselves (see Chapter 6: Impacts of
Other Users). Certain impacts have been found to be significant and cumulative, but
are offset, in the marine environment, by rapid natural recovery processes. Some
impacts have been found to be substantial enough in extent and magnitude that their
cumulative impact exceeds natural recovery rates, resulting in enduring changes which
should be actively managed or rehabilitated.

Chapters 3 and 6 therefore provide the broad, regional context within which the
impacts of marine diamond mining need to be evaluated. The purpose of this Chapter
is to describe the processes and mechanisms by which mining activities might be
expected to impact Benguela marine ecosystems; to document the many potential
impacts raised by stakeholders over the past decade; to evaluate potential impacts in
context of natural processes and other activities in the region; to identify which putative
impacts are in reality non-existent or insignificant; and finally to rate all significant
impacts in terms of a ranking system incorporating extent, duration, magnitude,
cumulative impact and overall significance. This identification, description and ranking
of significant impacts is then intended to serve as a basis for the identification and
design of adequate monitoring, management, mitigation and rehabilitation measures to
limit impacts to levels that will be acceptable in the long term, given likely rates of
recovery.

5.1 Description of Marine Mining Impact Mechanisms

Diamond mining activities on the southern African west coast began before the
imposition of legal requirements for baseline surveys, monitoring of disturbed areas
and impacts, and evaluation of recovery rates. In most cases, quantitative historical
records of pre-mining floral and faunal distributions are lacking for the early years of
mining development, making it impossible to evaluate overall cumulative impacts since
the start of mining. For a few of mining operations by larger companies, historic data
on areas past mined have been kept, which in combination with the results of more
recent baseline surveys and recovery studies in areas into which mining has only
recently expanded, can be used to draw inferences regarding likely cumulative mining
impacts. Many of the potential impacts of marine diamond mining are also similar, in
terms of mechanisms, to the impacts of other activities (such as dredging, sand mining,
beach nourishment, and other such activities), which have been studied elsewhere.
Inferences can therefore also be drawn from these international studies.

The main expected environmental impacts resulting from the activities of each marine
mining method or sector were initially identified (based on the numerous past Expert
Reports and Environmental Impact Assessment Reports for Namibian and South
African marine mining operations) at an initial Inception Workshop for this project (see
summary of the workshop conclusions in Appendix A). In this section, the principle bio-
physical impacts of marine diamond mining are described and characterised from the
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many local contracted specialist reports and published papers, and from relevant
international literature on similar activities and processes. Given the recent awareness
and emphasis on the effects of sediment mobilisation, transport and deposition on
intertidal and shallow subtidal marine communities, the discussion of impact processes
and mechanisms below focuses on a wide range of potential sediment-related impacts.
However, other potentially significant impacts resulting from physical destruction by
trampling, kelp cutting, and the effects of noise on marine mammals are also
addressed.

Impact Ranking System

The evaluation and ranking system used to assess impacts has been developed over
the past decade for specific use in EIAs, and has been applied to many Namibian and
South African marine diamond-mining assessments (see for example Pulfrich et al.
2003, 2004; CSIR 2008). This methodology has been standardised to include set
definitions for the various rating criteria. To the extent possible, allocation to ranks was
based on quantifiable criteria, which can be measured.

e Extent - Indicates whether the impact will be: Site Specific (within one kilometre of
the disturbance); Local (limited to within 10 km of the mining area); Regional
(limited to ~100 km radius); National (limited to the coastline of Namibia or South
Africa); or International (extending beyond the boarders of the BCLME).

e Duration - Gives the expected duration of the effects of the impact, being:
Transient (days, <1 month); Short (months, <1 year); Medium (years, <10); or
Long (> 10 years, decades to centuries).

¢ Intensity - Provides an expert evaluation of whether the magnitude of the impact is
destructive or innocuous and whether or not it exceeds set standards, and is
described as: None (no impact); Low (where natural/social environmental functions
and processes are negligibly affected); Medium (where the environment continues
to function but in a noticeably modified manner); or High (where environmental
functions and processes are altered such that they temporarily or permanently
cease and/or exceed legal standards/requirements).

e Overall Significance - The overall significance of each impact is then evaluated
from the combination of duration, extent and intensity/magnitude, probability, and
cumulative effects. Significance is described as follows:

0 Low: Where the impact will have a negligible influence on the environment
and no modifications or mitigations are necessary. This would be allocated
to impacts of any severity/magnitude, if they occur at a local scale/extent
and are of temporary duration/time.

0 Medium: Where the impact could have an influence on the environment,
which will require modification of the approach and/or mitigation. This would
be allocated to short-term impacts of moderate severity/magnitude, locally to
regionally.

o High: Where the impact could have a significant influence on the
environment and, in the event of a negative impact, the activity(ies) causing
it should not be permitted without substantial mitigation and management,
and pro-active rehabilitation commitments. This would be allocated to
impacts of high magnitude, that are local, but last for longer than a month,
and/or of high magnitude regionally and beyond.
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The main impacts of each mining sector are detailed in impact assessment tables
provided in Appendix B. In these tables, each impact is individually evaluated and
ranked in terms of the expected or likely Extent, Duration, Intensity, Cumulative Impact
and Overall Significance. An assessment of whether the impact is cumulative over
time or space or not, is also provided, as are specific monitoring, management and
mitigation measures to be implemented.

5.1.1 Impacts on Terrestrial Habitats

The impacts associated with mining activities in the coastal zone all result in severe
scarring of the landscape, removal of topsoils, disturbance and/or destruction of plant
communities, and degradation of faunal communities dependant on the affected
vegetation. Primary impacts, which can occur individually or in synergy, include:

e Stripping of overburden, and excavation of prospecting trenches, quarries and
mining blocks (Plate 5.1a & c);

¢ Creation of overburden and tailings dumps (Plate 5.1a-d);
e Formation of wind-blown sediment plumes (Plate 5.1d); and

e Construction of mining infrastructure, roads and vehicle tracks (Plate 5.1a-d).

The degree of impact associated with overburden stripping and excavations depends
on the scale of the mining activity and the type of soil excavated. Clearing of
vegetation for overburden stripping, construction of infrastructure and access routes
results in localised removal of vegetation, which can potentially lead to soil erosion and
removal of topsoil and it's associated plant seed bank. Actively forming soils tend to
support rugged pioneer plant communities, which are usually dynamic and resilient to
fairly substantial disturbances. In contrast, established plant communities growing on
older, complex, more stable soils are dependent on the equilibrium of the soil, and
usually fail to recover from disturbance if this equilibrium is not maintained. Stripping of
overburden with a complex topsoil therefore has a relatively greater impact of longer
duration than stripping an area of poor and actively forming soils. As a result, even if
mining voids are backfilled with the excavated sediments, failure to stockpile and
subsequently replace the original topsoils results in the ‘rehabilitated’ area being
unable to support the original plant communities, perhaps for centuries, until new soils
have formed. Recovery of associated and dependent fauna will similarly be delayed by
the slow recovery of the floral communities.

Following treatment in land-based processing facilities, the barren gravels are
discarded on tailings dumps. These dumps range from small mounds of pebbles left in
the high shore area by shore-based diver operations (see Plate 5.10), to tailings heaps
of over 50 m high associated with processing plants (Plate 5.1a-d). These tailings
heaps can result in a substantial visual impact in the otherwise topographically
comparatively featureless coastal landscape. As tailings dumps are sterile and devoid
of topsaoils, re-colonisation by succession communities occurs over the long-term only,
if at all. Areas denuded of vegetation are inherently unstable, and the strong winds and
flat topography of the mining areas can result in the development of sand plumes,
particularly downwind of features such as tailings mounds, trenches, seawalls and
slimes dams (Plate 5.1d).
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Due to their excessive size, tailings dumps are particularly susceptible to wind erosion
and sand plume formation. These sand plumes can be quite extensive, smothering
vegetation communities down-wind, and contributing to wind-blown sediment input into
the nearshore marine environment during major adiabatic offshore wind conditions.
The effect of these “berg-winds” is well illustrated in Figure 2.4 (see page 20, Chapter 2:
Sediment Processes) where plumes are concentrated in the area around the Orange
River mouth where most of the large South African and Namibian coastal diamond
mines are situated. Dust plumes generated by mining operations (e.qg. traffic on gravel
roads, tailings heaps, overburden stripping and seawall construction) can therefore
potentially affect sensitive coastal vegetation communities (e.g. lichens) (Burke &
Raimondo 2002), and it has been postulated that they may have been a triggering
force in the collapse of the saltmarsh ecosystems of the Orange River wetlands (CSIR
1994a). Inputs of sand and dust into the nearshore marine environment during berg-
wind events are, however, unlikely to have a marked impact on the inherently robust
marine biota.
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Plate 5.1 Google Earth™ images of a) No. 3 Plant north of Oranjemund showing the extent of
the tailings heap and the paddocks mined to bedrock, b) a mine near Kleinzee showing
the extent of the tailings heap and the ~1 km? slimes dam, C) extensive terrestrial
prospecting and mining operations near Kleinzee, and d) a dust plume associated with
the slimes dams of a relatively small prospecting operation near Port Nolloth.
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The construction of mining infrastructure, roads and heavy vehicle movement also
affect terrestrial habitats by compacting the soil, thus hampering the re-establishment
of vegetation, if no active rehabilitation measures are implemented. Furthermore,
numerous rare, threatened or endemic animal and plant species occur in the diamond
areas (particularly the Sperrgebiet of southern Namibia), and may either be disturbed
or destroyed by mining activities. Poaching and illegal succulent collecting by mining
personnel have also been identified as major threats to the coastal flora and fauna
(Newton & Chan 1998; Burke & Raimondo 2002). Mining infrastructure and equipment
are often left on site following of completion of mining operations in an area, or if the
equipment becomes derelict. This not only hinders recovery of the arid terrestrial
ecosystems, but also results in severe aesthetic impacts.

5.1.2 Crushing and Trampling

On rocky coasts targeted by shore-based diver units, intertidal and subtidal organisms
are damaged or destroyed by movement of mining equipment, removal of boulders
from subtidal gullies into the intertidal zone or into rock piles, discard of tailings and the
general activities of the contractors around the mining unit (Parkins & Branch 1995,
1996, 1997; Pulfrich 1998a; Pulfrich et al. 2003a) (Plate 5.2). This mining-related
disturbance is very localized being limited to a scale of 10s of meters around each
individual operation. However, as diver-assisted mining from the shore is practiced in
localised areas between Doring Bay in South Africa (~31°49”S) and Hottentots Bay in
Namibia (~26°08"S), the overall impact on intertidal communities is considered to be of
medium significance.

Studies conducted in other parts of the world have similarly shown that high intensity
trampling can result in the removal of most of the rocky intertidal assemblages,
although the effects are dependent on the community present, with foliose algae
(particularly fucoid species) being more susceptible than algal turfs, and barnacles
more susceptible than dense patches of mussels (Povey & Keough 1991; Brosnan &
Crumrine 1994; Schiel & Taylor 1999). While recovery of the intertidal and subtidal
communities is rapid, physical alteration of the shoreline in ways that cannot be
remediated by swell action, such as deposition of large piles of pebbles and boulders,
can be more or less permanent (see Section 5.1.6.1 and Plate 5.10).

P " a5

Plate 5.2 Trampling and damage to the intertidal habitat around a shore unit near Elizabeth Bay
in Namibia.
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5.1.3 Kelp Cutting

In areas where shallow-water kelp beds are particularly dense, shore-based diver units
operating in the surf-zone and beyond, may cut kelp to facilitate movement of the
suction hoses and airlines (Plate 5.3). Kelp cutting appears to cause a localised impact,
the severity and duration of which depends on the extent of kelp cut, the frequency and
method of kelp cutting and the age of the kelp. Harvesting of whole plants of Ecklonia
maxima at Danger Point on the South Coast of South Africa had no effect on the
associated faunal species diversity, whereas a highly diverse understorey algal
community established where adult plants are removed, and predominated for at least
12 months before kelp sporelings could recruit (Simons & Jarman 1981; Christie et al.
1998; Levitt et al. 2002). The increase in algal diversity in newly cleared kelp-beds is
attributable to the increased light after harvesting (Kennelly 1987a, 1987b; Christie et al.
1998; Levitt et al. 2002). A similar increase in floral diversity, particularly of red and
green foliose algae in newly cleared kelp-beds was reported in the BEHP/CEA/03/04
project : Assessment of Cumulative Impacts of Scouring of Sub-Tidal Areas and Kelp
Cutting by Diamond Divers in Near-Shore Areas of the BCLME Region, conducted
near Luderitz in Namibia (Pisces Environmental Services 2007). In contrast, however,
these algae did not persist for long in the Namibian study and were soon out-competed
by high densities of recruiting Laminaria sporelings.

Plate 5.3 The dense canopy of Laminaria pallida is often cut by diamond divers to allow free
movement of the airlines and suction hoses.

Although recovery following cutting is in most cases rapid (Christie et al. 1998; Levitt et
al. 2002; Pisces 2007), long-term changes in kelp forest communities in response to
various disturbances have been documented (Dayton et al. 1992), with disturbance
potentially causing many lag-effects including the outbreak of understory algae (see
also Foster 1975), the availability of, and intraspecific competition for primary space on
the substratum, and changes in grazing patterns of herbivores. Some species of sea
urchins feed preferentially on kelp sporelings, and in sufficient densities can keep an
area entirely denuded of kelp (Keats et al. 1984; Chapman & Johnson 1990; Dayton et
al. 1992; Steneck et al. 2002). Day & Branch (2002), however, have demonstrated that
the urchin Parechinus angulosus common off the southern African west coast feeds on
drift-algae and is generally not a grazer. This species therefore has no effect on the
recovery of southern African kelp beds (see also Levitt et al. 2002). Holdfasts of adult
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kelp plants play also an important role as kelp sporelings settle most successfully at or
near these holdfasts, which provide shelter from grazing (Anderson et al. 1997).
Therefore, a clear-cut area or repeatedly cut area will recover more slowly than an area
where only adults are cut and small kelp plants are left behind.

Vasquez (1995) provides an overview of the ecological effects of harvesting the most
important populations of brown seaweed species inhabiting the Chilean coastal
ecosystems, the holdfasts of which offer shelter for many macro-invertebrate
populations. In this case, kelp exploitation severely disturbs the macroinvertebrate
fauna by altering the habitat structure. Large scale natural disturbances of kelp beds
have also been reported. For example, the 1997 - 1998 El Nifio resulted in the near-
complete loss of all giant kelp throughout one-half of the species’ range in the
northeast Pacific Ocean (Edwards 2004). Such natural disturbances can have
cascading effects on populations associated with kelp beds. Tegner et al. (2001)
report that after 1976, a combination of massive storms, an increase in the frequency
of warm-water El Nifio events, and an interdecadal-scale increase in sea surface
temperatures resulted in the decline of giant kelp (Macrocystis pyrifera) beds in some
areas along the southern Californian coast. This decline in kelp coupled with poor
recruitment years and increased fishing pressure resulted in the collapse of red
abalone stocks, which are dependent on drift kelp. Southern California abalones
evolved in this disturbance regime, but the combination of extended periods of
increased environmental variability with intense fishing pressure may have led to the
loss of local populations.

On the southern African west coast, kelp beds have a sheltering effect on the otherwise
exposed coastline. Studies have indicated that recovery of cut kelp beds can occur
within two years (Parkins & Branch 1996; Anderson 2000; Levitt et al. 2002; Pisces
2007). In some areas, however, extensive and repeated kelp cutting by diamond
divers has resulted in kelp bed habitats being locally eliminated and replaced by
extensive stands of mussels (Engeldow & Bolton 1994), or colonies of the Cape reef
worm Gunnarea capensis (G. Koeglenberg & Q. Snethlage, diamond divers, pers.
comm.). As a consequence, wave exposure in the affected areas changed from
sheltered to semi-exposed, with concomitant changes in intertidal and shallow subtidal
community structure. Kelp beds providing shelter for a wide diversity of marine flora
and fauna (Field et al. 1980), and in the central and southern Benguela region are
known to serve as an essential nursery area for rock lobster and several fish species
(Velimirov et al. 1977; Velimirov & Griffiths 1979; Carr 1989, 1994). On the southern
Namibian coastline, in particular, the nearshore reefs and kelp beds are thought to play
an important role in rock lobster post-puerulus settlement and juvenile recruitment
(Tomalin 1995, 1996).

Although adult kelp plants can survive sand inundation for some time, kelp sporelings
are unable to settle and re-establish in sediment-influenced nearshore areas due to
scouring and reduced light penetration. Extensive and repeated cutting of kelp by
diamond-divers, in combination with increased sediment mobilisation and deposition as
a result of coastal mining operations, can therefore potentially affect the sustainability
of kelp beds in the mining areas. Reduction or loss of kelp beds may in turn have
knock-on effects on recruitment success of rock lobsters in the shallow nearshore
areas through reduction of suitable habitat and food sources, with important
implications for the success of the harvest of this commercially important resource.
However, in the BCLME region kelp-cutting is practiced on a small-scale and under
limited circumstances only, and kelp recovery rates appear to exceed the frequency of
cutting, in all except the most frequently dived areas. Only in a few heavily and
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continually dived bays on the northern Namaqualand coast does kelp cutting appear to
have resulted in long-term changes in community structure. At current levels, the
impacts associated with kelp-cutting can therefore be considered insignificant.
However, if the number of shore-based operations increases in the future, the impact of
kelp cutting, in combination with increased mining-induced sedimentation, will increase
to being of medium significance.

5.1.4 Mortality of Benthic Organisms in Excavated Sediments

5.1.4.1 Sandy Beaches

Sandy beaches make up the greater part of the southern African west coast, providing
an interface between the terrestrial and marine environments. An exposed sandy
shore consists of coupled surf-zone, beach and dune systems, which together form the
littoral active zone of sand transport (Short & Hesp 1985). These beach habitats are
occupied by specially adapted beach-dwelling organisms living either on (epifauna), or
in (infauna) the unconsolidated superficial layers of the sediment, usually to a depth
limit of ~30 cm. As a result of the combination of typical beach characteristics, and the
special adaptations of beach fauna to these, beaches act as filters and energy
recyclers in the nearshore environment (Brown & McLachlan 1990; McLachlan 1980;
1988). However, beaches are also highly attractive to a wide variety of human use,
ranging from simple recreational pedestrian traffic, to large-scale beachfront
developments. On the southern African west coast, the geological deposition of
diamond-bearing gravels along historic beach terraces at various past sea levels has
resulted in extensive stretches of beach being specifically targeted by diamond mining
operations, ranging from the small-scale, localised and relatively short-term beach
mining and cofferdam operations on the Namaqualand coast, to the extensive seawall
operations and long-term tailings discharges characteristic of the southern Namibian
coastline.

Storm events, other natural processes and human interference can alter the physical
characteristics of the beaches, resulting in temporary or permanent alterations in faunal
communities (Brown & McLachlan 1990; McLachlan et al. 1994; Defeo & Alava 1995;
Alonso et al. 2002; Borges et al. 2002; Brown & McLachlan 2002; Gomez-Pina et al.
2002). Such changes may alter the manner in which beaches function as an interface
between the marine and terrestrial environments, either in terms of their physical
behaviour, or their role in nutrient cycling. The magnitude of the impact depends on an
interactive balance between the relative sensitivity of particular beaches to physical
disturbance, and the degree of anthropogenic disturbance imposed.

The most sensitive part of the littoral active zone is the fore-dune area, which is the
beach/dune interface (Brown & McLachlan 2002). Fore or primary dunes (the small
sparsely vegetated dunes just above the drift line), as well as the stabilised, large
secondary dunes, are a transition zone between the physically and biologically different
terrestrial habitats, and surf-zone processes. As such, individual beaches may develop
specific characteristics, resulting from local physical conditions, and the resultant faunal
and floral communities are adapted to these specific characteristics. For example,
certain beaches are naturally subject to harsh environmental disturbance, and so their
faunal communities, are robust in this respect. Other beaches are comparatively
sheltered and naturally undisturbed, and faunal communities in such beaches are
typically sensitive to physical disturbance (Brown & McLachlan 2002). On a high-
energy coastline recovery or restoration of beach physical characteristics to their pre-
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disturbance state following localised, smaller-scale beach mining and cofferdam
operations can occur within a few tidal cycles under heavy swell conditions, and will
typically result in subsequent rapid recovery of the beach faunal communities to their
previous state. In such cases, the impacts are considered to be of medium
significance. Enduring physical changes to beaches (e.g. long-term tailings discharge
into the relatively sheltered Elizabeth Bay, extensive seawall construction using coarse
overburden material) will, however, also result in enduring changes to the associated
biotic communities, with potential cascade effects on higher order consumers. Over
the medium to long-term, such impacts can be considered highly significant.

Results of studies on the impact of cofferdam mining on macrofaunal beach
communities near the Olifants River mouth, have shown that the physical state of
beaches in this area is entirely driven by natural conditions, and is not affected (except
during actual mining) by beach mining operations in the medium- to long-term (Nel &
Pulfrich 2002; Nel et al. 2003; Pulfrich et al. 2004). Removal of beach sands and
subsequent extraction of target gravels during beach mining operations, however,
results in a significant, yet localised and short-term decrease in macrofaunal
abundance and biomass. As intertidal macrofauna of sandy beaches appear to be
relatively tolerant to disturbance, re-colonization is rapid where such impacts are
localized and short-term (van der Merwe & van der Merwe 1991; Brown & Odendaal
1994; Peterson et al. 2000; Schoeman et al. 2000; Seiderer & Newell 2000; Nel &
Pulfrich 2002, Nel et al. 2003, 2004). Impacted areas are colonized by small, abundant
and opportunistic pioneer species with fast breeding responses to tolerable conditions
(e.g. crustaceans and polychaetes). If the surface sediment is similar to the original
surface material when mining operations cease, and if the final long-term beach profile
has similar contours to the original profile, the addition or removal of layers of sand and
gravel does not have enduring adverse effects on the sandy beach benthos (Hurme &
Pullen 1988; Nel & Pulfrich 2002; Nel et al. 2003, 2004).

In contrast, beach mining in Mining Area 1 north of the Orange River is conducted on a
much larger scale, and involves wet- and dry-mining behind massive seawalls, which
may be up over 60 m wide at their base and as long as 1 km. These are constructed of
sediments not resembling the original beach material. Further north still, in the area
between Chameis Bay and Bogenfels mining of pocket-beaches is currently also
underway. The mining approach for pocket-beaches is similar to the operations near
Oranjemund, although the seawalls are more localised and less extensive. Baseline
data on pre-mining communities in Mining Area 1 are lacking, and consequently the
effects of large-scale seawall mining on beach macrofaunal communities in the area
has hitherto not been quantitatively assessed. Data collected recently in Mining Area 1
(Clark & Nel 2002; Pulfrich & Atkinson 2007), however, suggest that diversity,
abundance and biomass are reduced in the medium- to long-term. For the pocket-
beaches project, structured before-after/control-impact monitoring studies are in place
to record mining impacts and post-mining recovery (Nel et al. 1997; Meyer et al. 1998;
Clark et al. 2004, 2005, 2006; Pulfrich et al. 2007).

Constant erosion of the seawalls used in these coastal mining operations results in the
beaches seaward of the seawalls being extremely coarse-grained and reflective, with
steep intertidal beach faces. The surf-zone is shortened, and the waves break directly
on the shore causing a high turnover of sand. As a result of this harsh intertidal climate,
the faunal communities inhabiting the driftline and dune systems are depauperate, and
appear to be particularly susceptible to disturbance. Consequently, their potential for
recovery is limited, and may take decades or even centuries (Watson 1992; Brown &
Odendaal 1994; Rickard et al. 1994).
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Changes in community structure as a result of beach nourishment using very fine
sands and coarse silts have been reported from elsewhere (Naqvi & Pullen 1982;
Peterson et al. 2000). As a consequence of the addition of dredged sediments that
poorly matched existing beach sediments, beach nourishment in North Carolina, USA,
resulted in a decrease in the beach slope and a significant decrease in the abundance
of mole crabs (Emerita talpoida) and bean clams (Donax parvula and D. variabilis)
(Peterson et al. 2000). In the same study, these authors investigated the effects of
beach bulldozing whereby sands from the low intertidal zone are pushed towards the
back of the beach in order to enhance the size of the primary dunes. Bulldozing had
the effect of converting the upper beach slope from a gradually sloping beach of fine
sandy sediments, to a steeply sloping berm face of coarser, shellier material.
Consequently, there was a significant decrease in densities of mole crabs and ghost
crabs Ocypode quadrata. Mole crabs are thought to be sensitive to sediment grade
because of implications for burrowing and/or the effects of increased turbidity on
feeding during resuspension of fine sediments. Ghost crabs are likewise sensitive to
particle size, with the increase in unconsolidated sediments on the upper beach being
incapable of holding a crab burrow.

On the southern African west coast, the giant isopod Tylos granulatus has previously
been identified as potentially threatened by human disturbance, mostly in the form of
pollution, vehicles, wide-scale development and construction, as well as coastal
diamond mining (Brown & Odendaal 1994; Brown 2000). Considering their sensitivity
to disturbance, Tylos has been identified as an important indicator species for
monitoring the impacts of coastal mining, and consequently it has been the focus of
several monitoring studies in southern Namibia over the past decade (Clark & Nel 2002;
Clark et al. 2004, 2005, 2006; Pulfrich & Atkinson 2007; Pulfrich et al. 2007). While
Tylos has been totally eradicated from almost all beaches around the Cape Peninsula
and in inhabited areas along the Western Cape coast, recent research has found that it
is still relatively abundant north of the Olifants River mouth, and along the
Namaqualand and southern Namibian coasts, despite coastal and beach mining
operations in the area (see also Nel & Pulfrich 2002; Nel et al. 2003, 2004; Pisces &
Metago 2000; Pulfrich et al. 2003).

Overburden stripping and seawall construction eliminates the upper shore and severely
modifies the intertidal zone, which are essential burrowing and feeding habitats,
respectively, for Tylos. Furthermore, the reduced intertidal zone, flanked by the
seawall, prevents kelp and detritus from washing up to the high water mark, thus
reducing the isopods’ principal food source. This species also has an unfortunate habit
of burrowing in sand that has recently been disturbed, including footprints and tracks
left by vehicles. The latter results in large concentrations of Tylos in the very areas that
subsequent mining vehicles are likely to cross. In areas of active mining Tylos
abundance and distribution is therefore significantly affected. However, once mining
ceases, the disturbed areas appear to be recolonised by Tylos in the short- to medium-
term, with recolinisation occurring from adjacent undisturbed areas. Therefore, despite
their sensitivity to disturbance, the Tylos populations in the mining areas appear to be
successfully maintaining themselves, possibly as a result of the “protection” of large
stretches of relatively undisturbed coastline afforded by mining security closures.
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5.1.4.2 Mid- and Deep-Water Soft-sediment Habitats

As with the macrofauna inhabiting intertidal beaches, the species composition and
diversity of benthic communities in deeper waters is largely dependent on the physical
environment, particularly the composition of the sediments (Hall 1994). Although grain
size distribution is certainly not the only factor controlling the distribution of benthic
fauna (Snelgrove & Butman 1994; Seiderer & Newell 1999), empirical evidence
confirms that close associations exist (e.g., Warwick et al. 1991; Kinitzer et al. 1992;
Yates et al. 1993; Desprez 2000; van Dalfsen et al. 2000; Schratzberger et al. 2000a,
2004a). Furthermore, most of the species are not evenly distributed but occur in
patches (Mcintyre et al. 1984). High natural variability in soft-bottom communities has
been reported in many studies, on geographic scales ranging from a few metres to
hundreds of metres (Morrisey et al. 1992a; Kendall & Widdicombe 1999; Zajac et al.
2000; Parry et al. 2003), over time (Morrisey et al. 1992b; Hylleberg et al. 1985; Kenny
et al. 1998; van Dalfsen et al. 2000; Sardéa et al. 2000; Warwick et al. 2002), and even
at abyssal depths (Ansari 2000). Such high natural variability was also observed in the
Namibian Atlantic 1 Mining Licence Area (Parkins & Field 1998; Pulfrich & Penney
1999c), during numerous baseline surveys conducted between Lideritz and Kerbe Huk
(Goosen et al. 2000; Steffani & Pulfrich 2007; Steffani 2007a, 2007b), and in the South
African De Beers ML3/2003 area (Field & Parkins 1998; Steffani & Pulfrich 2004), and
appears to be related primarily to differences in sediment composition.

Removal of the substratum by diver-assisted suction pumps or larger remote mining
tools (i.e. airlift trenching tools, rotary drills, crawlers and dragheads) results in
destruction of the benthic biota inhabiting these sediments. In the case of diver-
operated suction pumps the impacts are localised, and recovery in the wave-base
regime occurs in the short- to medium-term. However, as diver-assisted mining from
vessels is practiced on a regional scale, the impacts can be considered of medium
significance.

In contrast, research conducted over the last few decades has shown that sediment
removal due to offshore mining or dredging operations can be expected to result in an
initial 25 - 70% reduction of species diversity, 45 - 95% reduction in abundance, and a
similar reduction in biomass (Hyllerberg & Nateewathana 1984; Poiner & Kennedy
1984; Kenny & Rees 1994; Morton 1996; Schriever et al. 1997; De Grave & Whitaker
1999; Desprez 2000; Shirayama et al. 2001). Many of these data apply to commercial
aggregate extraction or experimental mining of manganese nodules that leave behind
trenches of 20 - 30 cm depth only. However, benthic fauna typically inhabit only the
top 20 - 30 cm of sediment, and removal of the upper 50 cm is likely to be sufficient to
completely eliminate the benthos in the dredged path (Newell et al. 1998). As the
remote mining tools and dredging technology currently in use to mine marine diamonds,
remove not only the overburden but also the underlying ore body, it can safely be
assumed that 100% of the benthic infaunal and epifaunal biota in the path of the mining
tool is lost as a direct result of the mining process. Analyses of the differences in
community structure between mined and unmined areas of the Atlantic 1 Mining
Licence Area off southern Namibia, indicated that the biota were significantly impacted
by both the Wirth drill and seabed crawler mining (Environmental Evaluation Unit 1996;
Field et al. 1996; Parkins & Field 1998). Crawler mining, designed to be a more
thorough mining method in terms of removing overburden, appears to have a more
severe impact than drill mining on the biomass and structure of communities, although
this was not evident in all research areas (Pulfrich & Penney 1999c).
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The extraction of the surficial sediments results in the exposure of different seabed
sediments than those present prior to the mining or dredging event and/or reduced
depth of the original sediment remaining on the seabed. In the Atlantic 1 Mining
Licence Area, for example, observed differences in community structure between
mined and unmined areas appear to be primarily due to mining induced changes in
physical sediment composition and organic content in mined areas, as these generally
tend to have higher proportions of gravel than unmined sites (Parkins & Field 1998).
Underwater videos collected by the research submersible Jago in deeper waters on the
continental shelf off the Orange River mouth during 1996 and 1997 showed that
undisturbed sites were often characterised by extensive areas of bio-active sediment,
scattered boulders and debris richly encrusted with a diverse epifauna. In contrast,
areas recently mined by remote mining tools were characterised by a dense cover of
clean rock debris, cobbles and gravel, and the sediments showed signs of a reduced
infauna (Plates 5.4 and 5.5). These differences persist in the medium- to long-term,
with the recovery rate of the impacted community depending on surface area impacted,
the mining technology used, the nature of the remaining sediments, and the depth and
the degree of natural re-mobilisation of fine sediments by seabed currents and swell-
turbulence.

Plate 5.4 Seabed video image of a mined area taken using the Jago manned submersible
showing the edge of a mining block with a 0.5 m thick mud layer covering the 0.2 m
thick target gravel layer. Some subsequent slumping of the fine surface sediments into
the excavation is evident (Source: De Beers Marine).

Studies conducted on dredging impacts in other parts of the world have indicated that a
markedly different benthic community to that originally present re-colonises the area
following the cessation of extraction (Kaplan et al. 1974; Herrmann et al. 1999; Posford
Duvivier Environment 2001). For example, Desprez (2000) recorded that the original
heterogeneous substrate of a shingle bank off the France coastline, characterized by
gravels and coarse sands, was progressively dominated by fine sands deposited in
dredging tracks and consequently the recovering community structure differed from the
initial one corresponding to the new type of sediment. Extensive research on recovery
of benthic communities following deep-water mining impacts, suggests that similar
patterns occur in the BCLME region.
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Plate 5.5 Seabed video image of the bottom of a crawler-mined area taken using the Jago
manned submersible, showing the claystone footwall covered with oversize cobbles
discarded by the crawler sorting grid (Source: De Beers Marine).

As remote mining in mid- and deep-water habitats is practiced on a regional scale, and
restoration of species diversity and biomass to levels resembling the pre-mining state
occurs over the long-term only, the impacts of remote mining on macrofaunal
communities in unconsolidated sediments are considered to be of high significance.

5.1.4.3 Reef Habitats

Diver-assisted mining at depths <40 m specifically targets gravel areas, which are
naturally barren or sparsely inhabited by infauna or commercially important species
such as rock lobsters. By removing the overlying gravel, mining exposes expanses of
previously embedded boulders. Initially, these newly exposed boulder areas are
uninhabited, and clearly distinguishable (in terms of benthic community) from unmined
areas (Plate 5.6).

Plate 5.6 Recently mined gully showing exposed and barren boulder field.
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Exposed boulders and rock become gradually colonized by crustose coralline algae,
encrusting sponges, hydroids and anemones, and within a year the taxonomic diversity
(species richness) of boulder beds exposed by mining is statistically indistinguishable
from unmined reef areas (Barkai & Bergh 1992; Parkins & Branch 1995, 1996, 1997;
Pulfrich 1998a, 1998b, 2004a; Pulfrich & Penney 1998, 1999b, 2001; Pulfrich et al.
2003c). The actual structure of the developing communities (species composition) on
the boulder-fields, however, remains distinguishable from adjacent unmined reef
communities. This is not surprising given the difference in physical characteristics of
boulder beds and reefs, and the resultant natural differences in benthic communities on
these seabed types.

In general, diver-assisted mining impacts are highly localised being largely confined to
the target gully, and associated benthic communities and rock lobsters within metres of
the edge of the gullies appear to remain unaffected by the mining-induced disturbance.
Vessel-based mining is, however, conducted on a regional scale, and the impacts
persist in the short- to medium-term. Consequently, the impacts on reef communities
are considered of medium significance.

Garnett & Ellis (1995) and Jewett (1999), who investigated the potential impacts of a
marine placer dredge mining operation on populations of the commercially exploited
red king crab (Paralithodes camtschatica) in the north-eastern Bering Sea (Alaska),
likewise concluded that dredging operations did not significantly effect crab populations.
They found no differences in migration, feeding behaviour, crab sex and size
composition and commercial catches of crabs between dredged and undredged sites,
despite it taking up to three years for recolonisation of the dredge footprint by benthos
to attain numerical values close to those at control sites. Furthermore, as no juvenile
crabs were encountered in diver-collected benthic samples in either control or mined
sites over the 8-year study period, it was concluded that the area was unsuitable for
juvenile king crabs. Consequently mining operations did not pose a threat to juvenile
crabs (Jewett 1997).

5.1.5 Alteration in Benthic Communities by Beach Accretion

Mining involving the marine disposal of tailings on a significant scale has been
practiced worldwide for more than a century (Garnett 1994; Ellis et al. 1995a, 1995b,
1995c). There is, however, relatively little quantitative information on resultant impacts
on marine benthic communities in the international scientific literature. Extensive
research has been conducted on the submarine tailings disposal from mines and large-
scale placer dredging operations (Ellis 1987; Ellis et al. 1995a; Garnett & Ellis 1995;
Ellis & Robertson 1999; Ellis 2000; Pedersen et al. 1995; Jones & Ellis 1995).
Although some of these studies consider the biological consequences of the deep-
water tailings disposal, they fail to quantify biological community changes associated
with the discharges.

Potential environmental impacts associated with this practice include alteration of the
benthic habitat, smothering and burial of marine organisms due to tailings deposition,
increased turbidity resulting in reduced light penetration into the water column and
potential bioaccumulation of contaminants in the tailings slurry (Findikakis & Law 1998).
According to Ellis et al. (1995b), pre-mining baseline information has been collected,
and subsequent recovery of impacted biota after closure of operations has been
evaluated, on a large number of mining operations using various types of marine
tailings disposal. The literature base on the potential biological consequences,
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however, is primarily restricted to in-house, limited-distribution reports (Kline 1994; Ellis
et al. 1995b).

The effects of the seaward pumping of mine tailings have been comprehensively
investigated for the processing facility at the Elizabeth Bay mine in Namibia, and
results from these monitoring studies illustrate the impacts of fines discharges on
beach morphology, smothering of adjacent rocky shore habitats, and changes in the
inhabiting faunal communities very well (CSIR 1988, 1991, 1992, 1993a, 1993b;
McLachlan & De Ruyck 1993; CSIR 1994b; McLachlan et al. 1994; CSIR 1995a, 1996;
McLachlan 1996; CSIR 1997; Clark et al. 1998; CSIR 1998a, 1998b, 1999, 2000, 2001,
2002a, Pulfrich 2004, 2005, 2006, 2007).

At Elizabeth Bay the discharge of fines has had a profound effect on the physical state
of the beach through beach accretion, subsequent alteration of the size composition of
sand, and consequently changes in the morphodynamic state of the beach. Prior to
mining, Elizabeth Bay beach was composed of fine to very fine sands (mostly 100-150
pum), with sand particles coarser than 200 pm making up less than 10% of the total
amount. With the advent of mining in 1991, mean particle size at the centre of the
beach where tailings were disposed increased from 110-160 um to 600-900 pum, with
an accompanying reduction of surf-zone width by ~50% and an increase in the beach
slope from 1:60 in 1993, to 1:13 in 1998 (McLachlan & De Ruyck 1993; Clark et al.
1998).

Recent sand sampling indicates that average grain sizes have increased to range between
490 - 720 um (CSIR 2005b). In the sheltered western corner of the bay particle size
increased from the original 100-150 pm to 130-160 um with a concomitant increase in
beach slope from 1:70 to 1:55. Paralleling this particle size increase was an increase
in suspended sediment load suggesting that smothering of the substrate and
associated benthos was highly probable. At the exposed eastern end of the bay
particle size increased from the original 150-180 pm to around 200 pm although the
beach slope remained fairly constant around 1:60 to 1:70 (Mocke & Smith 1995;
McLachlan 1996; Smith et al. 1999a, 1999b). A broadening of the sand particle size
distribution over the years is also indicative of the beach sand being less well sorted.

As beach macrofaunal communities are almost entirely determined by the physical
state of the beach (McLachlan et al. 1993; McLachlan 1996), these changes have
affected the macrobenthic communities associated with these habitats accordingly. An
initial localised decrease in diversity and abundance of beach macrofauna in the
vicinity of the discharge point(s) occurred as resident species were smothered by the
sediments or eliminated due to intolerance to increased loads of silts (see also
Hylleberg et al. 1985; Ellis & Heim 1985 who report impoverishment of benthic fauna
associated with dredge spoils and tailings outlets, respectively). The subsequent
change in the morphodynamic state of the central beach from dissipative to
intermediate lead to an impoverishment of the macrofaunal beach community by the
elimination of several species, and a shift from a community dominated by sand
mussels (Donax serra) to a community dominated by crustaceans (McLachlan & de
Ruyck 1993; McLachlan et al. 1994; McLachlan 1996, Pulfrich 2004b).

The decline in Donax populations around the disposal sites was attributed to a
decrease in burrowing efficiency in coarse sands, physical exclusion by increasingly
harsh swash climates, possible smothering by rapid accumulation of tailings, and
clogging of gills by increased turbid water plumes associated with the disposal
(McLachlan et al. 1994). Furthermore, a change in abundance and distribution of the
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three isopod species typical of the mid-shore occurred. The mid-shore Pontogeloides
latipes, and low-shore Eurydice longicornis, which are both sensitive to coarse sands,
have to a large extent been replaced in the centre of the bay by Excirolana natalensis.

The beach macrofauna of southern African west-coast beaches occupies a highly
dynamic environment and can keep pace with rapid beach changes (McLachlan & De
Ruyck 1993). Nonetheless, the sediment discharges onto a beach over the long-term,
has important implications for the potential cumulative effects on both the physical state
of the beach as well as the associated macrobenthic communities. At Elizabeth Bay,
the gradual coarsening, and reduction in the degree of sorting of the beach sediments
are resulting in continued shifts in community structure through reduction in species
diversity and abundance, with a potential total loss of certain species (e.g. Donax) from
the beach.

In the long-term, the entire beach from the western corner at the base of Elizabeth
Point to the rocky shores at the eastern extreme of the bay will likely be impacted by
the discharge of tailings, with the beach and its associated macrofauna ultimately
resembling the coarse-grained beaches characterising the Bogenfels and Mining
Area 1 Licence Areas. In contrast to most beaches in southern Namibia, the Elizabeth
Bay beach supported a community of great richness in terms of numbers, biomass and
species before the commencement of mining, and was quite rich by world standards
(McLachlan & De Ruyck 1993). Alteration of this highly diverse and rich habitat can
thus be considered of high biological significance on both a regional and national scale.
Furthermore, as coarse sediments are not readily removed, the recovery of the beach
following mine closure to a condition resembling its pre-mining state is likely to take
decades.

5.1.6 Alteration in Benthic Communities due to Sediment Deposition

Sediment movement and deposition rates are closely linked to water depth and flow
speed (Hiscock 1983; Overnell & Young 1995). Consequently, sediment movement,
deposition and resuspension are often combined in wave-dominated intertidal and
shallow subtidal habitats characterised by highly turbulent near-bottom flows. In
contrast, high levels of siltation but reduced motion of sediments may be expected in
areas with low degrees of water movement, such as in deeper water beyond the wave-
base. The effects of these physical variables on the benthos are different, however,
and a distinction between them should be made. The force of water movement, for
example, increases the danger of dislodgement of benthic invertebrates (Denny 1985;
Denny et al. 1985, Denny 1987; Denny & Shibata 1989; amongst others), whilst the
abrasive action of suspended particles may result in wearing down or erosion (scouring)
of algal thalli or shells which subsequently need to be replaced (van Tamelen 1996;
Day et al. 2000). Deposition of sediments under conditions of reduced water
movement, on the other hand, can lead to smothering, reduction in light and oxygen,
clogging of feeding apparatus (Eggleston 1972), as well as affecting initial
recruitment/choice of settlement site (Hiscock 1983; Rodryguez et al. 1993), and post-
settlement survival (Hunt & Shebling 1997).

The discharge of over-size and fine tailings is an unavoidable consequence of marine
diamond-mining operations ranging from the small-scale shore-units, which discard
limited amounts of tailings into the high-energy intertidal environment, though the large-
volume discharges of fines from land-based treatment plants onto the beach, to the
discard of 99.9% of mined sediments into deep-water environments beyond the
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influence of wave energy. As would be expected, the significance of such discharges
will depend not only on the nature and volume of sediments being discarded, but also
the nature of the receiving environment.

5.1.6.1 Smothering of Reef Habitats

Additional to beach accretion, a further impact of tailings discharged from land-based
plants and erosion of seawalls is associated with the mobilisation and long-shore
transport of coarser sediments, and their deposition on adjacent reef habitats. The
depositional effects of discharged tailings on rocky intertidal and subtidal benthic
communities have been relatively well studied for the Elizabeth Bay region
(Bustamante et al. 1993; Parkins & Branch 1995, 1996, 1997; Pulfrich 1998; Pulfrich et
al. 2003a; Pulfrich 2004a, 2005, 2006, 2007a, 2007b), and for the Pocket Beaches
south of Bogenfels Arch (Clark et al. 2004, 2005, 2006; Pulfrich et al. 2007).

At Elizabeth Bay, for example, the gradual increase in sand cover on subtidal and intertidal
habitats over the past decade reflects the inundation of reef habitat in the west of the bay
as a consequence of beach accretion. Approximately 1 km of rocky shoreline at each of
the extremities of the bay has been smothered, with the effects extending to a depth of
about 5 m in the west of the bay and about 8 m in the east of the bay (Smith et al. 2005).
Unfortunately, no pre-mining baseline exists to allow a direct assessment of impacts,
and observed changes can therefore only be assessed relative to undisturbed
reference sites nearby. Changes in the discharge configuration, and increased
discharge volumes since 2005 have, however, resulted in rapid beach accretion in the
south-east of the bay, with concomitant rapid and progressive smothering of rocky
intertidal habitats.

Similarly, smothering of rocky intertidal habitats adjacent to seawall operations and points
where tailings are discharged at the pocket-beaches between Chameis Bay and
Bogenfels has been rapid, with sediment effects become apparent within a year of the
commencement of mining, and complete inundation of the low-shore has been recorded
during the following two years (Clark et al. 2005, 2006; Pulfrich et al. 2007). In this case,
baseline data were collected from rocky intertidal habitats at numerous sites (Meyer et
al. 1998; Clark et al. 2004, 2005, 2006; Pulfrich et al. 2007), and structured before-
after/control-impact monitoring studies are in place to record mining impacts and post-
mining recovery. North of Chameis Bay, at pocket-beaches Site 2 and Site 3/4, the
construction of seawalls and discharge of tailings onto the beach has resulted in ~60 m
of accretion at the southern end of the beaches and a shoreline build-out of ~40 m at the
northern end of the beaches, with sand accumulation estimated to extend to a depth of
about 13 m (CSIR 2005a). As a result, an increase in sand level of over 2 m was observed
at the rocky promontories both to the north and to the south of the target beaches, causing
severe scouring of intertidal organisms and complete smothering of intertidal and shallow
subtidal reef habitats (Plates 5.7 and 5.8).

The presence of suspended inorganic particles effects plants and animals directly and
indirectly, either lethally or sub-lethally. Siltation and/or scouring may be favourable to
some organisms, whilst it is detrimental to many others. Within limits, the marine
communities of the southern African West Coast are adapted to naturally elevated
concentrations of suspended sediments, and those of mixed shores to recurrent sand
burial. However, mobilisation and deposition of mining-related sediments on rocky
habitats, whether at a large scale such as the Elizabeth Mine operation, or a smaller
scale such as small contractors operating from the shore, does significantly alter the
structure of the affected intertidal and subtidal communities, particularly in sheltered
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habitats such as within Elizabeth Bay (see also Barkai & Bergh 1992; Pulfrich et al.
2003b). The impact of the tailings and eroded sediments, however, remains localised
— at scales of kilometres in the case of seawalls, 100s of metres in the case of large
recovery plants such as the Elizabeth Bay mine, and 10s of metres for the smaller
operations of shore-based contractors. However, these impacts are spread over a
regional scale, and persist in the long-term. Consequently, for treatment plants and
seawall operations the impacts are considered of high significance, whereas for the
smaller-scale operations they are of medium significance.

Plate 5.7 Severe scouring and polishing of S. argenvillei shells, and patchy loss of mussels.
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Plate 5.8 Smothered shallow subtidal kelp bed and abraded fronds a few kilometres to the
north of pocket-beach mining operations.
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Increased sedimentation and sand scour has been found to significantly influence the
structure and diversity of algal assemblages in intertidal and subtidal regions with
potential consequences for the associated benthos (D’Antonio 1986; Zoutendyk &
Duvenage 1989; Shaffer & Parks 1994; Konar & Roberts 1996; Airoldi & Cinelli 1997),
whether as part of the natural sedimentary cycle or as a consequence of anthropogenic
influences (Rhoads & Young 1970; Ellis & Heim 1985; Saiz-Salinas & Isasi Urdangarin
1994). The amount of suspended sediment in water is a major physical factor limiting
the distribution and abundance of benthic invertebrates. Shifting sediments and
frequent sand inundation have a significant effect on the species diversity and
community structure of intertidal and subtidal macrobenthic assemblages by removing
grazers (Littler & Murray 1975, 1978; Hawkins & Hartnoll 1983; Littler et al. 1983;
D’Antonio 1986; Hockey & Bosman 1986; Branch et al. 1990; Lépez Gappa et al. 1990;
Eekhout et al. 1992; Marshall & McQuaid 1993), predators (Robles 1982), and either
promoting or inhibiting the establishment of competitively dominant species (Berry
1982; Taylor & Littler 1982). The effects of sedimentation on intertidal and shallow
subtidal benthic communities are, however, temporally and spatially variable, and are
strongly dependant on the degree of sediment load.

There is a paucity of information on the specific physiological tolerance levels of
southern African intertidal and subtidal species to increased and prolonged
sedimentation. What is provided here is a summary of changes in community structure
observed during monitoring studies, conducted over a 15-year period at Elizabeth Bay,
where the primary impacts on the macrobenthic communities are caused by sand
inundation and scour. Three major groups (communities), whose distributional patterns
represent their apparent responses to the degree of sedimentation, have become
discernable (see also Saiz-Salinas & lIsasi Urdangarin 1994). The first community
characterises the areas of greater wave action at Elizabeth Bay Point in the west of the
bay, where the intense water movement results in erosion exceeding sedimentation
thereby lessening the effects of silt deposition on the biota. Due to the exposed and
semi-exposed nature of those areas, kelp beds are restricted to comparatively narrow
fringing beds, and most of the primary space in the midlittoral zone is dominated by
filter-feeders such as mussels (Mytilus galloprovincialis and Choromytilus meridionalis),
and Cape reef worm (Gunnarea capensis). Epibiotic species such as bryozoans,
hydroids and filamentous algae which are adapted to a regime of high hydrodynamic
forces and high turbidities can be expected on larger algal fronds (Saiz-Salinas & Isasi
Urdangarin 1994). At current discharge rates from the Elizabeth Bay mine, mobile
sediments have not had a significant impact on these communities.

A second distinctive community representing a transition zone dominated by the
proliferation of algae can be found in more sheltered regions. Sheltered West Coast
shores are usually dominated by grazers, particularly the limpets Scutellastra
granularis and Cymbula granatina S. argenvillei, and a diversity of foliose algae.
Although no quantitative pre-mining data exist, Tomalin (pers. comm. in Bustamante et
al. 1993) did report that in 1991, prior to the commencement of mining, densities of
C. granatina in Elizabeth Bay were as high as in control sites outside the bay. Results
of the 1992 Namibian coast limpet survey (Serrer 1992), however, indicate low
densities of this species in the bay, and these low densities have persisted during the
subsequent Elizabeth Bay intertidal monitoring studies initiated after mining had begun
(Bustamante et al. 1993; Parkins & Branch 1995, 1996, 1997; Pulfrich 1998a; Pulfrich
et al. 2003a; Pulfrich 2004, 2005, 2006, 2007). This indicates that with the
commencement of deposition of sediment, the limpet populations were particularly
adversely affected. The resultant reduction in herbivory lead to a concomitant increase
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in opportunistic foliose algae (see also Borowitzka 1972), which cause shading and in
turn decreases encrusting coralline algae below.

The final benthic community distinguishable in the north-western corner and the south-
eastern extreme of Elizabeth Bay, is characterised by a relatively low species diversity
and the dominance of a few sediment-tolerant species. Whereas the sheltered north-
western corner has become severely impacted by increased and prolonged
sedimentation, rapid accretion on the south-eastern shore has resulted in the wave
exposure at this site changing from exposed to sheltered over a 2-3 year period.
Patellid limpets have largely been excluded from this area and have been replaced by
the more hypoxia-tolerant siphonariid Siphonaria capensis. Intertidal macrophytes are
dominated by psammophytic species such as encrusting corallines, and opportunists
such as the green algae Cladophora sp., Enteromorpha sp. and Ulva sp. Mobile
sediments in the south-east of the bay have resulted in a significant decline in the
percentage cover of the invasive mussel M. galloprovincialis and corticated algae, a
virtual disappearance of kelp, and the rapid colonisation of vacant space by the Cape
reef worm G. capensis.

In their study along an estuarine siltation gradient in Spain, Saiz-Salinas & lIsasi
Urdangarin (1994) similarly showed that increased sedimentation was correlated with a
progressive decrease of algal and epifaunal species, and their progressive
replacement by an assemblage of sediment-tolerant and opportunistic suspension
feeders. Studies of natural sediment-mediated disturbance on benthic invertebrate
fauna and flora have likewise found that disturbance processes such as submarine
slumping events or sediment plumes from landslides, can lead to significant
restructuring of the affected communities through burial, scour and turbidity (Konar &
Roberts 1996; Shaffer & Parks 1994; Slattery & Bockus 1997). Variable patterns of
sediment-induced disturbance and recovery, however, may lead either to
impoverishment of the existing benthic communities resulting from the extensive
dominance of a few species that define the structure of the community (Daly &
Mathieson 1977; Devinny & Volse 1978; Airoldi et al. 1995; Airoldi & Cinelli 1997;
Airoldi & Virgilio 1998) or, alternatively, to the co-existence of a diverse mosaic of
sediment tolerant and sediment intolerant competitors for space (Littler 1980; Littler &
Littler 1981; Seapy & Littler 1982; Littler et al. 1983; McQuaid & Dower 1990).
Consequently, in sediment-influenced areas, species richness appears to be controlled
by the frequency, nature and scale of disturbance of the system through sedimentation
(McQuaid & Dower 1990; Dethier 1984).

Evidence from the literature suggests that whereas the adults of many species will
tolerate extended periods of sediment burial or elevated turbidities, such conditions are
likely to detrimentally affect larval settlement and/or juvenile survival. Smothering of
the substrate reduces both settlement stimuli as well as the food supply for juveniles,
thereby affecting the recruitment success of the disturbed macrobenthos and ultimately
impacting the community structure.

The distribution of nearshore kelp beds and their associated communities along the
southern Namibian coast has no doubt been moulded by both wave action and the
naturally turbid waters in the area. On more exposed shores, kelp beds are restricted
to a narrow coastal fringe. Inundation of reefs by accreting sediments will therefore
reduce the area of rock available as a substratum for kelp. Whilst Laminaria pallida
and Ecklonia maxima can tolerate a degree of sand scour and sedimentation,
persistent sand inundation will destabilize the holdfast ultimately leading to detachment
from the rocky substrate below (R. Anderson, Seaweed Unit; Marine & Coastal
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Management, pers. comm.). Prolonged sediment smothering has more extensive
impact than short-term deep sand burial (Daly & Mathieson 1977; Marszalek 1981,
Rogers 1990; Airoldi et al. 1996), and in extreme conditions of sand movement the
stipe or thalli will be broken by abrasion. Kelp recovers relatively quickly after each
disturbance episode resulting in the competitive dominance of kelp over other species.
Kelp sporelings settle most successfully on or near the holdfasts of adult kelp plants,
which sweep the seabed of grazers which feed on the kelp spores and macroscopic
gametophytes (Velimirov & Griffiths 1979; Anderson et al. 1997).

Recovery of kelp beds will thus tend to proceed from the fringe of the impacted area.
Increased suspended sediments, however, inhibit sporeling settlement thereby
affecting recovery of kelp beds in sediment impacted areas. Although kelp sporelings
are tolerant of low light levels associated with elevated turbidity, kelp recruitment is
thought to be affected by siltation and sediment scour. Devinny & Volse (1978)
demonstrated that even small amounts of sediment would greatly reduce the
settlement and development of Macrocystis pyrifera spores; sediment scouring
preventing spore settlement and siltation smothering established germlings. In contrast,
Norton (1978) reports that the spores of the silt-tolerant kelp Saccorhisa polyschides
would germinate even when covered with a layer of silt.

Nearshore reefs, islands and kelp beds play an important role as habitats for rock
lobster, as well as being significant for post-puerulus settlement and juvenile
recruitment (Tomalin 1996). The potential reduction or loss of suitable rock lobster
habitat through large-scale smothering by mining-derived sediments is thus of
particular concern in Namibia. The direct and indirect impacts of marine mining on rock
lobsters is further discussed in Section 5.1.10.

Studies investigating the dumping of the oversize tailings during diver-assisted mining
found that tailings discharge did not have a significant negative long-term impact on
shallow-water and nearshore benthic reef communities (Barkai & Bergh 1992; Parkins
& Branch 1995, 1996, 1997; Pulfrich 1998b; Pulfrich & Penney 1998, 1999b, 2001). If
overburden is dumped below the high water mark (in the case of shore-based
operations) or directly back into mined out gullies (in the case of vessel-based
operations) (Plate 5.9a), the effects remain localised and are negligible when seen in
context with the high levels of natural disturbance in the nearshore environment.
Benthic communities in areas affected by overburden dumping from nearshore vessels
are, however, significantly different from those on adjacent reef, as a result of the
change in seabed type (Plate 5.9b). In more sheltered gullies, in patrticular,
accumulated overburden acts to trap quantities of particulate detritus, resulting in rapid
accumulation of detritus feeders such as brittle stars and sea cucumbers.

In contrast, in high energy areas such as in the shallow subtidal zone, or along the reef
edge, re-distribution of overburden material into the mined-out gullies is rapid, although
initial scouring of the benthic communities does occur (Parkins & Branch 1996, 1997;
Pulfrich 1998b; Pulfrich & Penney 2001; see also Hard et al. 1976). Excessive and
repetitive dumping on the same area may, however, preclude dispersion and thus
induce persistent change by converting preferred rock lobster habitat into sub-optimal
small-boulder or unsuitable gravel areas. This occurs primarily by in-filling of reef
crevices and smothering of benthic organisms, thereby reducing food availability for
lobsters. Although vessel-based mining is practiced on a regional scale, excessive
dumping in a specific area occurs infrequently, as the vessels tend to progress along a
mining face and therefore seldom anchor in exactly the same place. The impacts
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Plate 5.9 a) Tailings discharged from near-shore vessels, b) accumulate in a stable overburden
dump next to the reef edge near a mined gully, and show a notable absence of benthic
organisms and rock lobsters.

associated with tailings dumping from vessel-based operations is thus considered of
medium significance.

Similarly, where shore-based operations discard oversize tailings above the high water
mark, this precludes natural redistribution of the material by waves, and results in
physical alteration and degradation of the landscape (Plate 5.10). If the mounds of
sterile gravel are not actively removed, the tailings dumps remain more or less
permanent features. The creation of sterile tailings dumps as a result of the discard of
oversize tailings above the high water mark are therefore considered of high
significance.

Plate 5.10 An extreme example of oversize tailings deposited above the high water mark.
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5.1.6.2 Smothering of Deep-water Unconsolidated Habitats

In the case of remote mining vessels operating in deeper water, the coarse tailings
discharged by the vessel will fall rapidly to the seafloor, whereas fine tailings will
remain in suspension for longer. Depending on the extent and direction of the tailings
plume, both will refill the mined out areas and/or settle on adjacent unmined areas
(Plate 5.11). The refilling of mined trenches is desirable as it will facilitate recovery. Of
concern though is deposition of discards on unmined areas, potentially smothering the
benthos. In general terms, rapid deposition of material from the water column is likely
to have more of an impact on the soft-bottom benthic community due to smothering
effects, than gradual sedimentation to which benthic organisms are adapted and able
to respond. However, this response depends to a large extent on the nature of the
receiving community.
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Plate 5.11 High resolution seabed sidescan sonar images obtained using an Autonomous
Underwater Vehicle (AUV) acoustic survey system, showing Wirth drill and seabed
crawler bulk sampling excavations, and resultant adjacent discarded tailings fans and
positioning anchor scars, one month after drill sampling and three months after crawler
sampling (Source: De Beers Marine).

Several studies have been conducted on the effects of tailings deposition (primarily
dredge spoils) on benthic communities (van Dolah et al. 1984; Wildish & Thomas 1985;
Jones 1986; Ellis 1987; Rees et al. 1992; Ellis et al. 1995a, 1995b, 1995¢c; Toumazis
1995; Harvey et al. 1998; Roberts et al. 1998; Ellis 2000; Smith & Rule 2001,
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Blanchard & Feder 2003). Since different types of effects were identified in these
studies, it is impossible to draw a general conclusion about the impact of deposition of
mined/dredged material on benthic community structure. For instance, a number of
studies recorded few or no detectable effects of dredge-spoil disposal in shallow-water
environments (van Dolah et al. 1984; Roberts & Forrest 1999; Smith & Rule 2001). On
the other hand, other studies have reported a major increase in the abundance of
macrofaunal taxa with opportunistic life-styles shortly after deposition of dredged
material and a concomitant decrease in abundance of less opportunistic families, with
re-establishment of pre-disposal community structure taking more than two years
(Rees et al. 1992; Harvey et al. 1998; Blanchard & Feder 2003; Zimmermann et al.
2003).

Enhanced species diversity and population density of organisms was also recorded
from areas just outside the immediate depositional zone (Jones & Candy 1981; Poiner
& Kennedy 1984). The observed changes were attributed to both direct burial and an
enhanced food supply. Many studies have suggested that a major force structuring
infaunal benthic communities is the response of species to resources released from the
sediments by periodic disturbances (Pearson & Rosenberg 1978; Whitlatch 1980;
Thistle 1981; Peterson 1982). Trueblood et al. (1997) in their study of community
changes in the abyssal deep sea following mechanical re-suspension of sediments,
reported a significant increase in abundance of a scavenging polychaete (Glycera sp.)
immediately after deposition of the sediments, and attributed this to a response to
increased food availability in the sediment deposition zone in the form of mascerated
macro-and meiofauna. Newell et al. (1998) further suggest that the organic enrichment
derived from fragmented invertebrates in disposed tailings may contribute to enhanced
species diversity and population density of benthic invertebrates often recorded beyond
the boundaries of dredged areas. Long-term changes in community structure can be
expected when the deposited material has a different grain size composition to the
original sediment (Zimmermann et al. 2003), or when the original community is buried
and smothered by the dumped dredge-spoil and replaced by taxa that were common at
the dredged site and survived the dredging and dumping process (Jones 1986).

Various monitoring surveys, and field and laboratory experiments have demonstrated
that the level and scale of impact of dredge spoil dumping on benthic communities is
related to a complex interplay between the attributes of the tailings, the receiving
habitat and the community composition at the receiving site. The most important
factors are the depth of deposited overburden and the duration of burial (Maurer et al.
1981a, 1981b, 1982, 1986; Chandrasekara & Frid 1998; Schratzberger et al. 2000a),
the sediment composition of the tailings (Maurer et al. 1981a, 1981b, 1982, 1986; Turk
& Risk 1981; Chandrasekara & Frid 1998), presence of toxic compounds in the tailings
(Hall 1994; Harvey et al. 1998; Schratzberger et al. 2000b), water depth at the
receiving site (Toumazis 1995), and the adaptation of different taxa to a dynamic
sedimentary environment.

Studies have shown that some mobile benthic animals are able to actively migrate
vertically through overlying sediment thereby significantly affecting the recolonization of
impacted areas and the subsequent recovery of disposal sites (Maurer et al. 1979,
1981a, 1981b, 1982, 1986; Ellis 2000; Schratzberger et al. 2000a; but see Harvey et al.
1998; Blanchard & Feder 2003). For example, in a study on macrofauna on a bathyal
sea floor, 50% of the organisms burrowed back to the surface through 4-10 cm of
rapidly deposited sediment (Kukert 1991). Roberts et al. (1998), working in the Port of
Auckland, New Zealand, demonstrated that the maximum thickness of instantaneous
applied overburden through which various taxa could successfully migrate was 15 cm.
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Schaffner (1993) studied the effects of dredge disposal on the benthic community in
lower Chesapeake Bay where water depth averaged 11 m, and recorded a major
reduction in faunal densities, biomass, and species richness in areas with heavy
disposal (>15 cm). In their study of pulsed disposal of dredge spoils over a large area,
Smith & Rule (2001) found no detectable difference in species composition as the
overburden layer at any given time did not of exceed 15 cm.

Maurer et al. (1979) reported that some animals are capable of migrating upwards
through 30 cm of deposited sediment. In contrast, consistent faunal declines were
noted during deposition of mine tailings from a copper mine in British Columbia when
the thickness of tailings exceeded 15-20 cm (Burd 2002). Many meiofaunal nematodes
were found to be able to migrate through 6 cm of overburden irrespective of the nature
of the overburden (native mud or non-native sand) (Schratzberger et al. 2000a).
Conversely, Romey & Leiseboer (1989, cited in Schratzberger et al. 2000a) showed
that nematodes migrated through a 10 cm sediment layer only when both the original
and the deposited sediment consisted of fine sand, but when mud was deposited onto
sand, the migration of nematodes was limited to 1-2 cm. In the abyssal deep sea,
overall macrofaunal and meiofaunal species diversity remained unaffected by
redeposition of 1-2 cm sediment following disturbance by a re-suspension system
designed to imitate the impact of a manganese nodule mining collector (Trueblood et al.
1997). In general therefore, mortality tends to increase with increasing depth of
deposited sediments, and with speed and frequency of burial.

Higher mortality is, however, also recorded when the settling sediment has a different
grain size composition from that of the receiving seafloor (Maurer et al. 1981a). The
depth of overburden that an animal can survive thus also seems related to the
sediment type, as survival rates are, for example, lower in silt-clay than in coarser
sediments (Maurer et al. 1986). Schratzberger et al. (2000a) similarly reported that the
survival potential of individual meiofaunal species dependeds both on their ability to
migrate upwards through the deposited sediment and on their capacity to survive burial
by non-native sediments. Migration rates and survival in non-native sandy sediments
was generally higher than in silty sediments, although the availability of food in the
depositional sediment was also influential.

The nature of the receiving community is also of importance. In areas where
sedimentation is naturally high (e.g. wave-disturbed shallow waters) the ability of taxa
to migrate through layers of deposited sediment is likely to be well developed (Roberts
et al. 1998). The life-strategies of organisms is a further aspect influencing the
susceptibility of the fauna to mortality. Kranz (1972, cited in Hall 1994) studied the
burrowing habits of 30 species of bivalves and showed that mucous tube feeders and
labial palp deposit feeders were most susceptible to sediment deposition, followed by
epifaunal suspension feeders, boring species and deep-burrowing siphonate
suspension feeders, none of which could cope with more than 1 cm of sediment
overburden. Infaunal non-siphonate suspension feeders were able to escape 5 cm of
their native sediment, but normally no more than 10 cm. The most resistant species
were deep-burrowing siphonate suspension feeders which could escape up to 50 cm of
overburden.

Benthic organisms in the Benguela region are likely to be adapted to high
sedimentation rates if they live in shallow turbid areas, but less so in deeper areas
where the turnover of bottom sediments will be less. Moreover, mid- and deepwater
mining is practiced on a regional scale, and the effects persist over the longer term.
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The impacts of tailings deposition on benthic communities is therefore considered to be
of high significance, especially in the case of deep-water mining.

5.1.7 Resuspension of Sediments

Although the coarser sand and gravel fractions of tailings discharges from land-based
processing plants or mining vessels tend to settle out rapidly, the fine sediments (silts
and clays) remain in suspension longer, and the resultant increase in water column
turbidity is the most visible impact on environmental quality. Around offshore mining
vessels plumes arising from the act of mining or associated with overspill or discharge
of fines are advected away from the mining vessel by wind and ambient currents and
are rapidly diluted (Johnson & Parchure 1999). In the case of beach discharges, their
behaviour is more unpredictable, as nearshore circulation is highly complex and
extremely variable. While plumes in the surf-zone are rapidly mixed, they may
subsequently be transported for long distances alongshore with relatively little further
dilution, thereby reducing their effective dispersion. The surf-zone is relatively isolated
from the waters further offshore, with most of the exchange between them occurring as
a result of rip currents that transport surf-zone waters further offshore. However, some
of the water mixed beyond the surf-zone may be transported back into the surf-zone
with the next set of waves. During high wave conditions, there is a higher degree of re-
entrainment of fine tailings dispersed into the offshore zone, and the net dispersion of
the plume within the surf-zone is significantly reduced.

The formation, extent and dynamics of turbidity plumes resulting from fines discharges
from land-based processing plants in southern Namibia have been comprehensively
investigated for the processing facility at Elizabeth Bay and at the pocket-beaches,
through modelling studies conducted by the CSIR (2002a, 2002b, 2004, 2005a).
Several studies have also been conducted to evaluate the behaviour of sediments
plumes generated by deepwater mining vessels. During continuous discharge of
tailings from remote mining vessels, the major source of water column turbidity results
from the dynamic collapse of the sediment-laden jet and the subsequent dilution,
spreading and settling of the particulate constituents (CSIR 1995b; Carter & Midgley
2000). More recently, as part of the Marine Dredging Project, overspill plumes
generated during dredging were both modelled and sampled in situ during dredging
operations near Chameis and in the Atlantic 1 MLA (CSIR 2005a, 2006).

In all cases, the suspended sediment concentrations generated at the point of
discharge, the extent and area over which plumes disperse, and their duration, depend
largely on the proportions of silts, muds and clays (<63 pm) in the mined sediments, as
well as the sea-surface conditions during disposal. The higher the proportion of silts
and clays in the target sediments, the larger and more persistent the suspended
sediment plume is likely to be (Newell et al. 1998; Johnson & Parchure 1999; Posford
Duvivier Environment 2001). Modelling studies, field measurements and aerial
observations of tailings plumes from mining vessels found that concentrations reduce
rapidly with distance from the vessel, indicating fairly fast settlement and dilution of
even the fine fractions (Shillington & Probyn 1996; CSIR 1998c; Carter & Midgley 2000)
(Plate 5.12, Figure 5.1). In their study of tailings plumes from deepwater mining
vessels operating off Namibia, Carter & Midgley (2000) found that local tailings plumes
ranged from 700 - 5,500 m in length and 700 - 3,500m in width. Maximum plume
sediment concentrations near the discharge point were found to be 60 mg/l, compared
to background levels of <5 mg/l. These reduce rapidly with distance to a mean of <7
mg/l (maximum of 11 mg/l) 2 km downstream of the mining vessel, confirming fairly
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Plate 5.12 Suspended sediment plume from the MV Grand Banks operational in the Atlantic 1
MLA.
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Figure 5.1 Acoustic Doppler Current Profiler (ADCP) longitudinal section along a tailings plume
astern of a marine diamond mining vessel off southern Namibia, showing the depth and
distance distribution of sediment particles of various size fractions behind the vessel
(adapted from CSIR 1998).
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rapid settlement and dilution of even these fine tailings. Similar studies conducted on
overspill plumes from dredging operations in other parts of the world have reported that
concentrations of suspended sediment particles decrease rapidly within a few hundred
metres of the vessel (Poopetch 1982; Hitchcock & Drucker 1996), and that water-
column turbidity returns to background levels within a few hours after cessation of
dredging (Wallingford 1993, cited in Posford Duvivier Environment 2001; Evans 1994;
Whiteside et al. 1995). Dredging in extremely muddy areas, however, may result in
plumes lasting up to several days (Herrmann et al. 1999).

The suspended sediment plumes resulting from the fines-discharge from the shore into
Elizabeth Bay are carried offshore by rip currents, but remain largely confined to the
bay as they are transported into the north-western corner in an anti-clockwise flow, by
the persistent southerly winds (Plate 5.13). Under certain weather and sea conditions,
however, the plumes can move westwards around Elizabeth Point before dispersing
(CSIR 2002a, 2002b). In contrast, the tailings discharge from the treatment plant at
pocket-beach Site 2 remained confined to inshore of the 20-m depth contour (~700 m
offshore), but extended almost 4 km northwards along the coastline (CSIR 2005a,
Pulfrich 2005). Likewise, discharges modelled for the marine dredging treatment plant
(MDTP) at Uubvlei remain confined to a narrow nearshore band approximately 3 km
wide (CSIR 2006), which is visible even in satellite images (see Plate 5.1a).
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Plate 5.13 Suspended sediment plume in Elizabeth Bay resulting from fines discharges from
the Elizabeth Bay mine into the bay.

Typically, the effects sediment plumes and associated elevated suspended sediment
concentrations have on organisms are related to the concentration of the suspended
material and the duration of exposure to it. Suspended sediment plumes are a natural
occurrence along much of the southern Namibian coastline (CSIR 1993b, 1998a,
2005a), and sediment plumes emanating from the Orange River can extend over
40 km offshore of the river mouth (see Plate 3.4) . Although mining-related suspended-
sediment plumes may differ in scope, timing, duration and intensity from natural
background conditions, marine communities in the Benguela are frequently exposed to
naturally elevated suspended-sediment levels, and can therefore be expected to have
behavioural and physiological mechanisms for coping with this feature of their habitat.

One of the more apparent effects of increased concentrations of suspended sediments
and consequent increase in turbidity, is a reduction in light penetration through the
water column with potential adverse effects on the photosynthetic capability of
phytoplankton (and other aquatic plants) (Johnson 1981; Poopetch 1982; Kirk 1985;
Parsons et al. 1986a, 1986b; Monteiro 1988; O'Toole 1997). Suspended sediments
also load the water with inorganic particles, which may affect the biological responses
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such as hatching success, larval survival and foraging behaviour of higher-order
consumers (reviewed by Clarke & Wilber 2000). However, in most cases sub-lethal or
lethal responses occur only at concentrations well in excess to those of sediment
plumes from mining and/or dredging operations.

Where deepwater mining is practiced, increased turbidity a in the pelagic offshore
environment s a result of tailings plumes is not expected to have any significant effects
on the marine biota. In shallow coastal habitats, however, persistent elevated turbidity
levels may affect macrophytic algae. In Namaqualand and southern Namibia, the kelp
Laminaria pallida is restricted to shallower waters, suggesting that the naturally high
turbidity in the nearshore areas affects light penetration, thereby limiting primary
production, and the depth to which the kelp normally grows (Velimirov et al. 1977,
Jarman & Carter 1981; see also Bustamante et al. 1995). Any extensive mining-
induced increase in turbidity levels on rocky coastlines is thus likely to further reduce
the seaward extent of kelp beds. As kelp beds play an important role as habitats for
rock lobster, as well as being significant for post-puerulus settlement and juvenile
recruitment (Tomalin 1996), a potential reduction or loss of kelp bed may have
important repercussions for the recruitment success of this commercially important
resource. Most of the large land-based treatment plants discharging slimes into the
surf-zone are located along the sand-dominated coastline of Mining Area 1. The only
high-volume plant discharge in the vicinity of reef habitats and kelp beds is at Elizabeth
Bay. While the impacts of elevated turbidity on primary producers in the bay will persist
in the long-term (i.e. for as long as the plant is in operation), they are site-specific, and
when seen in context with the extent of kelp beds along the rest of the southern African
west coast the impacts are very local and can thus be considered of low significance.

The only study examining the possible effects of mining-related suspended sediment
plumes on nearshore fish fauna is that of Clark et al. (1998), which suggested that surf-
zone fish appear to benefit from the turbidity plume produced by the discharge of
tailings material from the Elizabeth Bay diamond mine. Fish species-richness and
abundance in the plume were higher relative to control sites on the same beach,
possibly because the plume provides increased shelter from predators. As surf-zone
fish species are adapted to high natural turbidity levels, the impact can likewise be
considered as insignificant.

5.1.8 Chemical Effects of Sediment Resuspension and Deposition

There are several indirect effects associated with sediment disturbance and increased
suspended sediment concentrations in the water column associated with mining activity.
Marine biogeochemical processes may be affected by mining-induced sediment re-
suspension, with potential cascade effects through the marine food web.

5.1.8.1 Organic Enrichment and Hypoxia

Coastal upwelling regions are frequently exposed to natural hypoxic conditions (<2 ml
O,.I*, Diaz & Rosenberg 1995) owing to extremely high primary production and
subsequent oxidative degeneration of organic matter below the thermocline (Brichert
et al. 2003; Weeks et al. 2004) (see Chapter 3: Ecosystems & Environmental
Processes). Various studies have been undertaken investigating the responses of
benthic communities to organic enrichment. In their study along an organic enrichment
gradient associated with a sewage outfall, Pearson & Rosenberg (1978) recorded
changes in benthic species composition, abundance and biomass. As a result of
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severe hypoxic or anoxic conditions, sediments close to the source were completely
devoid of macrofauna, while some distance from the discharge point, abundance
increased and was accompanied by a small peak in biomass due to the presence of
abundant but small opportunistic species. Further away from the highly enriched areas,
abundance of opportunistic species decreased and a greater variety of species was
found, resulting in a second biomass peak. In areas unaffected by the organic
enrichment, species numbers and biomass declined to levels normally recorded for
unpolluted waters.

Bolam et al. (2004) investigated the effects of dredge spoils with different organic and
sand content on the recolonization and recovery process of macrofaunal benthic
communities. Increased organic content resulted in marked reductions in redox
potential at sediment depths up to 4 cm. While increased sand content only affected
macrofaunal recovery in the short-term (1 month), abundance and diversity took longer
to recover in sediments with increased organic content. A similar result was observed
for meiofauna (Schratzberger et al. 2004b).

Organic enrichment also affects the community structure of the benthos, with annelids
(mainly polychaetes) having higher physiological tolerances to high organic loading
than small subsurface arthropod species (amphipods, isopods, cumaceans, and
ostracods), and large surface deposit-feeding echinoderms (asteroids and echinoids)
actually responding positively to increased carbon food supply (Lenihan et al. 2003). It
must be kept in mind, however, that the nature of the receiving community is influential
in determining the effects of organic enrichment, with communities characterising
sandy habitats in general being less tolerant to organic enrichment than those
characterising sediments with a naturally high organic content (Schratzberger &
Warwick 1998).

Numerous studies have been carried out on physiological and biochemical responses
of aquatic animals to hypoxia (e.g. Holton & Randall 1967; Burggren & Randall 1978;
Wu & Woo 1985; Woo & Wu 1984; Dunn & Hochachka 1986; Ip et al. 1991; Val et al.
1995). Generally, marine animals respond to hypoxia by first attempting to maintain
oxygen delivery (e.g. increases in respiration rate, number of red blood cells, or oxygen
binding capacity of hemoglobin), and subsequently by conserving energy expenditure
and energy turn over (e.g. metabolic depression, decreasing regulation of protein
synthesis and decreasing regulation/modification of certain regulatory enzymes)
(Holton & Randall 1967; Burggren & Randall 1978; van den Thillart & Smit 1984; Wu &
Woo 1985; Dunn & Hochachka 1986; Bouitilier et al. 1988; Chew & Ip 1992; Randall et
al. 1992; Dalla Via et al. 1994; Hochachka 1997; West & Boutilier 1998). Physiological
and biochemical responses to short-term hypoxia can, however, be very different to
those induced by prolonged hypoxia (Livingston & Bayne 1977; Famme 1980; Famme
et al. 1981; Widdows & Wang 1991; Dalla Via et al. 1994; van den Thillart et al. 1994),
which may compel anaerobic metabolism (Dunn & Hochachka 1986; Hochachka 1997;
West & Boutilier 1998).

The above physiological and biochemical adjustments may eventually manifest in a
reduction of growth or reproduction (Brett & Blackburn 1981; Forbes & Lopez 1990;
Diaz & Rosenberg 1995; Petersen & Phil 1995; Chabot & Dutil 1999; Cockcroft 2001),
as hypoxia reduces feeding efficiency in many marine animals (Baden et al. 1990a,
1990b; Wang & Widdows 1991; Das & Stickle 1993; Llansé & Diaz 1994; Thetmeyer et
al. 1999;). Surprisingly, effects of hypoxia on reproduction and development of marine
animals remain almost unknown (although see Berntsen et al. 1990; Diez & Davenport
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1990; Keckeis et al. 1996). Reduction in growth and fecundity implies a reduction in
individual fitness, which may subsequently lead to population decline.

Many marine organisms can detect, and actively avoid hypoxia by migrating from low
oxygen waters to oxygenated waters (e.g. ‘walk-outs’ by rock lobster) (Pihl et al. 1991;
Gray 1990; Wannamaker & Rice 2000), leaving their burrows and moving to the
sediment surface, or (in the case of some bivalves) extending their siphons into the
water column above the sediment—water interface to gain access to more oxygenated
water (Pihl et al. 1992; Nilsson & Rosenberg 1994; Hervant et al. 1996; Sandberg
1997). Notably, such changes in normal behaviour under hypoxia may render the
animals more vulnerable to predation than under natural conditions (Diaz et al. 1992).

If hypoxia is prolonged and escape is not possible, it ultimately leads to animals
becoming moribund, or even to death. Prolonged hypoxia can alter species
composition in a community by eliminating sensitive species (or groups), but
encouraging the proliferation of a few tolerant species (Dauer 1993; Wu 1982; Diaz &
Rosenberg 1995). In general, the critical dissolved oxygen concentration for survival of
most benthic organisms is around 2 ml O,.I"Y, while certain species can tolerate <1 ml
O,.I* for several days to weeks (Rosenberg 1980; Rosenberg et al. 1991; Diaz &
Rosenberg 1995; Sagasti et al. 2000). Particular species of polychaetes, for example
Capitella spp., are among the marine organisms most tolerant to stress associated with
organic loading and low oxygen, and are therefore indicative of hypoxia or organic
pollution (Levin 2000). Theede at al. (1969) found that infauna inhabiting finer
sediments (clay-silt) seem to have higher tolerance to hypoxia than infauna from sandy
sediments. Larval tolerance of hypoxia in opportunistic species may be critical to their
early recolonization of hypoxia-stressed habitats, particularly in organically enriched
habitats (Diaz & Rosenberg 1995).

Hypoxia not only affects community structure, but also the trophodynamics of marine
ecosystems (Wu 1982; Breitburg et al. 1994). Under hypoxic conditions, there is a
general tendency for suspension feeders to be replaced by deposit feeders, and
macrobenthos by meiobenthos (Josefson & Widbom 1988; Diaz & Rosenberg 1995;
Levin 2001). Evidence from temperate regions suggests that recovery of benthic
communities following hypoxic conditions takes two to several years (Boesch &
Rosenberg 1981; Josefson & Widbom 1988; Austen & Wibdom 1991; Falkowski et al.
1980; Rosenberg et al. 1991; Powilleit & Kube 1999; Stachowitsch 1991; Rosenberg et
al. 2002). In a review, Diaz & Rosenberg (1995) concluded that recovery of a
community disrupted by prolonged hypoxia is a lengthy process and usually takes
several years. They further postulated that, with the possible exception of recovery on
smaller scales, as for example where point source discharges cease and recovery is
initiated from surrounding non-affected areas (Rosenberg 1976), no large system has
recovered fully after development of persistent hypoxia or anoxia.

During the mining process particulate organic matter previously associated with the
sediments is re-suspended, and both the suspension and the subsequent re-deposition
thereof may lead to further reduction in near-bottom dissolved oxygen concentrations,
thereby aggravating already hypoxic conditions near the seabed (see also Herrmann et
al. 1999). Repeated deposition could theoretically have cumulative effects, contributing
to enhanced decay on the seabed, and anoxia. However, in comparison with the high
natural organic deposition, and periodic and often extensive low-oxygen events
characteristic of the Benguela region, the contribution by organic material re-
suspended and deposited during mining, and the likelihood of this resulting in
substantial hypoxia or anoxia is negligible. This was confirmed in the study by CSIR
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(2006), who took in situ measurements of dredging plumes in the Atlantic 1 MLA. The
results revealed substantial elevation of suspended sediment concentrations in the
dredge plume, but insignificant oxygen depletion relative to profiles conducted in
control areas. Consequently the impacts associated with organic enrichment as a
result of mid- and deepwater mining operations can be considered of low significance.
In the highly turbulent nearshore zone, where the surface waters down to ~10 m depth
are usually well saturated, mining-induced organic enrichment similarly will not effect
near-bottom oxygen concentrations, and the associated impacts are thus also of low
significance.

5.1.8.2 Hydrogen Sulphide Eruptions

Sulphide is highly toxic to most aerobic organisms due to the inhibition of cytochrome ¢
oxidase, a respiratory enzyme of the electron transport chain in aerobic respiration
(Torrans & Clemens 1982). Examples of the effects of hydrogen sulphide eruptions in
the Benguela system include the well known rock lobsters ‘walk-outs’ (Cockroft 2001),
and the death of about two billion young Namibian Cape hakes, Merluccius capensis,
during the austral summer of 1992 - 93 (Woodhead et al. 1998).

Where marine organisms are naturally and chronically exposed to high sulphide levels
they show some degree of tolerance or possess detoxification mechanisms (Vismann
1996; Vistisen & Visman 1997; Thiermann et al. 2000). Increased tolerance to H,S
may be achieved by five different mechanisms: prevention of H,S from entering the
organism, possession of an H,S-insensitive cytochrome-c oxidase, reliance on
anaerobic metabolism, detoxification of H,S by endosymbiotic sulphide-oxidizing
bacteria, or detoxification of H,S in the animal tissue (Vismann 1991). For example,
there is some evidence that certain small polychaetes (Capitella spp.) may have
enhanced survival and growth in sulfide-rich organically enriched sediments, as they
benefit trophically through the exploitation of the organic matter chemosynthetically
produced by sulfur-oxidizing bacteria (Tsutsumi et al. 2001).

In addition to its direct toxic impact, hydrogen sulphide has the secondary effect of
depleting oxygen from the water. Additionally, depletion of oxygen can lead to the
generation of H,S as bacteria turn to sulphur as a hydrogen-receptor in place of
oxygen. As hypoxia and H,S therefore generally occur together and both stress
marine organisms their combined effects are difficult to separate (Diaz & Rosenberg
1995).

When organically-rich sediments are brought to the surface during dredging/mining
operations, H,S will rapidly de-gas to the atmosphere, creating a potential safety
hazard to personnel on the dredger/mining vessel, as well as potentially affecting
marine biota in the area. Seabirds and highly mobile large marine species are,
however, not expected to be affected by local H,S release.

Due to the thickness of the mudbelt in the shallower regions along the southern
Namibian and Namaqualand inner shelf, the potential diamond resource of the mudbelt
area has also not as yet been fully investigated. The thickness of the mud also
precludes its mining using current technologies. Consequently, marine dredging and
mining operations are currently not targeting the mudbelt area and potential impacts
associated with H,S release are therefore unlikely. However, should future dredging
technology make it feasible to target diamondiferous gravel deposits below the mudbelt,
there is a high likelihood that H,S-rich muds will be encountered. Due to the potentially
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devastating effects of sulphur eruptions on marine biota and the associated safety
hazard to dredging personnel, the impacts are considered of high significance.

5.1.8.3 Release of Contaminants from Disturbed Sediment

A number of studies have suggested that recently deposited sediments in specific
areas on the Namibian shelf may be characterised by high levels of heavy metals of
marine and/or terrestrial origin (Calvert & Price 1970; Chapman & Shannon 1985;
Bremner & Willis 1990). Unpublished data by Bremner & Willis (cited in Environmental
Evaluation Unit 1996) found high levels of cobalt (Co), manganese (Mn) and nickel (Ni)
associated with suspended sediments during the 1988 Orange River floods, suggesting
the Orange River catchment area is a significant source of these contaminants.
Measurements of metal concentrations from vibrocore samples taken in the Atlantic 1
Mining Licence Area confirm high levels of metals in sediments (Environmental
Evaluation Unit 1996). The re-suspension of sediments during mining can release
these trace metals into the water column. Metal bio-availability and eco-toxicology is
complex and depends on the partitioning of metals between dissolved and particulate
phases and the speciation of the dissolved phase into bound or free forms (Paulson &
Amy 1993; Rainbow 1995; Galvin 1996). Although dissolved forms are regarded as
the most bio-available, many of these are not readily utilisable by aquatic organisms.
Consequently those forms that are ultimately bio-available and potentially toxic to
marine organisms usually constitute only a fraction of the total concentration.
Furthermore, contaminants released during the mining process will be rapidly diluted
and their concentrations in the water column will thus be very low. The impacts
associated with the release of contaminants from disturbed sediments is therefore
considered of low significance.

Trace metal uptake by organisms may occur through direct absorption from solution, by
uptake of suspended matter and/or via their food source. Toxic effects on organisms
may be exerted over the short term (acute toxicity), or through bioaccumulation. As
plumes generated during mining and dredging are highly dynamic, and potentially
susceptible organisms are highly mobile pelagic species, neither acute effects not
bioaccumulation are likely to be of concern. Furthermore, recent chemical analyses of
tailings samples taken on mining areas both to the south (Steffani & Pulfrich 2004), as
well as to the north of the Orange River mouth (CSIR 2006) found that heavy metal
concentrations did not exceeded the SA chronic water-quality guidelines or the
“prohibition limit” as imposed by the London Convention, for any of the measured
contaminants. In some cases from the Atlantic 1 MLA, however, Copper (Cu),
Cadmium (Cd) and Chromium (Cr) concentrations were in the category which requires
some form of “action or special care” (CSIR 2006). Nonetheless, potential chemical
contamination is unlikely.

5.1.9 Impact of Anthropogenic Underwater Noise

Anthropogenic sound sources in the ocean can affect the physiology and behaviour of
marine organisms (NRC 2003), and offshore marine diamond mining and associated
activities may significantly add to those effects. Marine mining can contribute to the
ocean noise level both during the survey and exploration phase and when mining takes
place. During surveying, the noise contribution usually lasts for a few days only but is
very intense, whereas during mining the general machinery noise of the vessels, the
sounds emanating from the rotating drills or seabed crawlers operating on the seafloor,

Final Report: Project BEHP/CEA/03/02 Page 214



BCLME Assessment of Cumulative Effects of Marine
Diamond Mining on the Benguela Region

Benguela Current Large Marine Ecosystem Programme

and from the underwater positioning system (sonar) are constant and of considerably
longer duration. In the case of dredge-mining, however, the sound generation is of
short duration as the dredgers are contracted for only 1-3 month periods.

Of all human-generated sound sources, the most persistent in the ocean is the noise of
shipping. Depending on size and speed, the sound levels radiating from vessels range
from 160 to 220 db re 1 pPa at 1 m (NRC 2003). Especially at low frequencies
between 5 to 100 Hz, vessel traffic is a major contributor to noise in the world’s oceans
and very large geographic areas are affected. Studies have shown that the noise
radiating from a mining vessel in operation is broadband (140 — 170 db re 1 pPa at 1 m)
and essentially has the same noise level as that from a merchant vessel (~170 db re
lpuPa at 1 m) (Coley 1994, 1995; NRC 2003, Pidcock et al. 2003). The main
difference is that a mining vessel is more or less stationary and is producing noise at a
constant level, whereas a merchant vessel is moving. On the other hand, mining
operations are conducted in comparatively shallow water, which restricts the
propagation of low frequencies (>10°Hz, the spectrum that potentially propagates for
long distances) to within a few kilometres (ITM 1994, 1995). In contrast, under the right
conditions, the low frequencies radiating from merchant vessels can propagate 100s of
kilometres.

Seismic surveys are another source of anthropogenic noise. The maximum pressure
level an animal could experience from an air-gun source in use today in the seismic
industry is 235-240 dB re 1 pPa in the 5-300 Hz range (NRC 2003). The location where
this level of sound is attained is directly beneath the air-gun array, generally near its
center, but the exact location and depth beneath the array are dependent on the
detailed makeup of the array, the water depth, and the physical properties of the
seafloor (Dragoset 2000). Mining vessels use underwater navigation systems to
position the crawler in relation to the vessel. The operational frequencies of the
Sonardyne system currently in use by De Beers Marine and De Beers Marine Namibia
are between 19 kHz and 36 kHz. These frequencies are too high to be audible to fish
(with the exception of some clupeid fish), but the lower end of the range certainly falls
within the range of hearing sensitivity of many marine mammal species.

The potential effects of anthropogenic sounds on marine organisms include
disturbance of normal behaviour resulting in possible displacement from areas,
restricted detection of natural sounds (auditory “masking”), and temporary or
permanent reductions in hearing sensitivity. Exposure to intense sounds for even a
short period of time may result in permanent hearing loss, while lower sound levels
often result in temporary or transient loss of hearing that may last for minutes, hours, or
even days. Hearing, however, ultimately returns to the pre-exposure level.

Despite the large volume of international literature concerned with the description of
various impacts of noise upon marine mammals (e.g. Richardson et al. 1986, 1990,
1995; Richardson & Malme 1993; Finley et al. 1990; Gordon et al. 1992; Bauer et al.
1993; Maybaum 1993; Bain & Dahlheim 1994; McCauley 1994; Vincent 1996;
Richardson & Wirsig 1997; Gisiner 1998; Wiursig et al. 1998; Lesage et al. 1999;
Terhune & Verboom 1999; Au & Green 2000; McCauley et al. 2000; Miller et al. 2000;
Nowacek et al. 2001, 2004; Nowacek & Wells 2001; Erbe 2002; Leung-Ng & Leung
2003), issues regarding the effects of long-term anthropogenic sound on individuals
and populations, remain unanswered. Findlay (1996), however, evaluated the potential
effects of diamond mining on the marine mammals community in southern Namibia and
concluded that the significance of the impact is likely to be minimal based on the
assumption that the radius of elevated noise level will be restricted to ~20 km around
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the mining vessel. He noted, however, that the use of the underwater crawler
navigation system at full level, at the frequencies of maximum hearing of odontocete
cetacean and seals, could be within the ranges that can cause permanent or temporary
hearing damage of these species.

Marine mammals as a group have functional hearing ranges of 10 Hz to 200 kHz
(Richardson et al.1995), although there exist wide variations in ear anatomy, frequency
range and amplitude sensitivity. The factors that affect the response of marine
mammals to sounds in their environment include the sound level and other properties
of the sound, the physical and behavioural state of the animal and its prevailing
acoustic characteristics, and the ecological features of the environment in which the
animal encounters the sound. Typical changes in cetacean behaviour as a response to
anthropogenic noise are shorter surfacings, shorter dives, fewer blows per surfacing,
longer intervals between successive blows and changes in vocalisations (Watkins 1986;
Richardson et al. 1995; NRC 2003; Pidcock et al. 2003). These subtle changes in
behavioural measures are often the only observable reaction of whales to reception of
anthropogenic stimuli, and there is no evidence that these changes are biologically
significant for the animals. For continuous noise, whales begin to avoid sounds at
exposure levels of 110 dB, and more than 80% of species observed show avoidance to
sounds of 130 dB. For seismic noise, most whales show avoidance behaviour at 180
dB (Pidcock et al. 2003).

The responses of cetaceans to noise sources are often also dependent on the
perceived motion of the sound source as well as the nature of the sound itself. For
example, many whales are more likely to tolerate a stationary source than they are one
that is approaching them, (Watkins 1986; Leung-Ng & Leung 2003), or are more likely
to respond to a stimulus with a sudden onset than to one that is continuously present
(Malme et al. 1985). These startle responses are the principle reason why seismic
surveys are required to “ramp up” the signal, so fewer animals experience the startle
reaction and so that they can vacate the area of loudest noise.

Although there is a general paucity of information on reactions of seals to noise from
shipping or seismic exploration in open water, they are expected to be rather tolerant of,
or able to habituate to, repeated underwater sounds from distant seismic sources.
Monitoring studies indicate that seals usually tolerate strong sound pulses from nearby
seismic vessels, and that only a minority of the seals within a few hundred meters
showed evidence of localised avoidance (Richardson 1999).

Most species of fish and elasmobranchs are able to detect sounds from well below 50
Hz (some as low as 10 or 15 Hz) to upward of 500-1,000 Hz (Popper & Fay 1999;
Popper 2003; Popper et al. 2003), and consequently can detect sounds within the
frequency range of most widely occurring anthropogenic noises. They are able to
discriminate between sounds, determine the direction of a sound, and detect
biologically relevant sounds in the presence of noise. In addition, some clupeid fish
can detect ultrasonic sounds to over 200 kHz (Popper & Fay 1999; Mann et al. 2001,
Popper et al. 2004a). However, little information exists on the effect of noise on fish
(Popper 2003; Popper et al. 2004a, 2004b). Behavioural responses are varied and
include leaving the area of the noise source (Suzuki et al. 1980; Skalski et al. 1992;
Engas et al. 1996; Engas & Lgkkeborg 2002; Wardle et al. 2001; Hassel et al. 2004), or
“freezing” and staying in place thereby increasing the risk of damage. In addition to
behavioural changes, physiological effects (evidenced by increased stress levels) have
been recorded (Smith et al. 2004), and temporary or permanent loss of hearing after
exposure to loud sounds (Scholik & Yan 2001, 2002; Enger 1981; Hastings et al. 1996).
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Although a number of marine invertebrate species/groups are known to have highly
sophisticated structures (statocysts) that have some resemblance to the ears of fishes
(Offutt 1970; Budelmann 1988, 1992; Packard et al. 1990; Popper et al. 2001),
information on hearing by invertebrates, and noise impacts on them is sparse.
Sensitivity to near-field low-frequency sounds or hydroacoustic disturbances has,
however, been recorded for the lobster Homarus americanus (Offut 1970), and various
other invertebrate species (Horridge 1965, 1966; Horridge & Boulton 1967; Moore &
Cobb 1986; Packard et al. 1990).

It has to be kept in mind, however, that the ocean is a naturally noisy place and that
normal physical sea noise may commonly overshadow the influence of any distant,
low-level anthropogenic sounds. The dominant source of natural noise across the
frequencies from 1 Hz to 100 kHz is associated with wind-generated ocean surface
waves, while thermal noise (i.e. the pressure fluctuations associated with the thermal
agitation of the ocean medium itself) is the dominant contributor above 100 kHz (NRC
2003). Movement of sediment by current flow across the ocean bottom can also be a
significant source of ambient noise at frequencies from 1°kHz to >200 kHz (Thorne
1986). Natural biological sound sources (e.g. calls of large baleen whales, whistling
and echolocating dolphins, snapping shrimp) make a noticeable contribution at certain
times of the year (Au 1993; Richardson et al. 1995). Presumably, hearing and
communication systems of marine organisms are adapted to these natural noise levels.

The impacts of mining-related noise will be restricted to within a few kilometres of each
mining vessel, but mid- and deepwater operations are conducted on a regional scale,
and the noise contribution is ongoing as vessels are almost permanently at sea.
However, although the significance of noise generated by mining operations can be
considered of medium significance, marine mammals and birds will likely rapidly
habituate to the noise.

Dredge-mining will contribute to the ocean noise level both during the dredging activity
itself through general machinery noise of the vessel, and the sound and vibrations
emanating from the dragheads, as well as from the powerful onboard pumps during
discharge of sediments through the sinkerline. Although the noise contribution is
ongoing as long as the dredger is in the area, dredgers are likely to be contracted for
only 1-3 month periods each year. Taking all this into account, the noise impacts
associated with dredging are therefore considered of low significance.

5.1.10 Mining Impacts on Rock Lobsters and Fish

Rock lobsters are highly mobile invertebrate predators in coastal reef habitats along the
southern African west coast, and form an important mainstay for a commercial fishery
in both South Africa and Namibia. However, declining rock lobster catches after 1980
and the concomitant development of coastal and shallow water marine diamond mining,
resulted in rapid escalation of concern about the sustainability of the stocks, and
allegations that marine mining must have been at least partially responsible for these
declines. The impacts of diamond mining operations on rock lobster include:

e Direct damage to and mortality of adult, breeding and juvenile lobsters if they are

sucked up during the mining process.
o lllegal fishing for lobsters during shore- and vessel-based mining operations.
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e Blanketing of nearshore reefs and bedrock outcrops and their associated
communities by re-mobilised sediments discharged from treatment plants, eroded
from seawalls or released by dredgers.

¢ Emigration and/or reduced growth and fecundity of rock lobsters in the mining
areas due to loss of suitable habitat and reduction of food availability, or direct
disturbance by mining operations.

¢ |nundation and loss of kelp bed habitats, potentially reducing suitable rock lobster
recruitment habitats.

e Conflict with the rock lobster industry regarding exclusion zones around mining
operations.

The damage to, and survival of West Coast rock lobster, Jasus lalandii, through shore-
based mining activities was assessed by Barkai & Bergh (1992) in a manipulated
lobster-pumping experiment. Of 85 animals sucked up the hose and fed through the
screening unit, 61 survived. Most of these were below 60 mm carapace length, and it
was found that greater limb and antennae loss resulted in far higher mortality of larger
lobsters. Although diamond divers operating both from the shore or from vessels admit
to pumping rock lobsters 'for the pot' (Barkai & Bergh 1992; A. Pulfrich: pers. obs.), the
guantities involved are insignificant compared to the annual quota landed by the
commercial rock lobster industry. Being highly mobile, rock-lobsters are easily able to
avoid the pump nozzle and are thus seldom sucked up during regular mining
operations. In offshore remote mining operations, there are particular concerns that
while large numbers of rock lobsters are migrating between reefs or into deeper water
during their seasonal inshore/offshore migrations they may be physically sucked up by
remote mining tools and/or dragheads. Tarras-Wahlberg (1999), however, reports that
only 21 rock-lobster and 6 fish were recorded on the sorting screens during a 26-day
bulk sampling operation covering an area of ~3,100 m? of seabed. Existing data
therefore suggest that numbers captured are insignificant.

The principle impacts of mining activities on rock lobsters relate to alteration of suitable
lobster habitat through discharge of mining-related sediments. The West Coast rock
lobster exhibits associations with, and preference for, creviced habitats, and clear
avoidance of gravel and sand areas (Pulfrich & Penney 1998, 1999b, 2001).
Preference by lobsters for certain seabed types has been widely discussed in the
scientific literature (reviewed in Spanier 1994). Cobb (1971) found that the availability
of shelter was a critical feature of the habitat for all life cycle stages of the American
clawed lobster, Homarus americanus. These lobsters show a preference for habitats
that are highly creviced and have a dense algal cover (Wahle & Steneck 1992), and
avoid gravel and sand areas except when they have become large enough to have
outgrown the risk of heavy predation.

Studies investigating the impacts of shallow-water mining operations on rock lobsters
concluded that diver-assisted mining operations do not negatively affect the abundance,
mean sizes or catch rates of lobsters (Barkai & Bergh 1992; Tomalin 1996; Parkins &
Branch 1996, 1997; Pulfrich 1998a, 2003a). In fact, removal of sediment from gullies
resulted in temporary creation of areas of suitable habitat for lobsters with resultant
localised increases in lobster abundance (Pulfrich & Penney 1998, 1999b, 2001). In
general, mining impacts are highly localised being largely confined to the target gully,
and rock lobsters and associated benthic communities within metres of the edge of the
gullies appear to remain unaffected by the mining-induced disturbance. Disturbance of
rock lobsters as a result of shallow-water mining operations is thus considered of low
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significance, especially when seen in context with the migrations undertaken by
lobsters in response to natural disturbances such as low oxygen events.

Evidence suggests that habitat selection is the result of a complex interaction of factors
including protective value of a shelter (from predators as well as detrimental abiotic
forces such as strong surge), and stimuli of con-specifics (Zimmer-Faust et al. 1985;
Zimmer-Faust & Spanier 1987; Spanier 1994). In areas where reefs occur close to the
shore, persistent beach accretion due to seawall construction and erosion, and
sediment discharges from land-based processing plants can smother shallow-water
reef habitats that would otherwise offer suitable shelter to rock lobsters. Sand
inundation and/or chronic siltation may affect adult rock lobsters, as well as the post-
larval settlement stage, by reducing the carrying capacity of an otherwise suitable
habitat, therefore potentially directly affecting rock-lobster abundance, or reducing
regional recruitment where siltation is widespread.

This may consequently have important implications for the success of the harvest of
this resource in an area. For example, studies by Herrnkind et al. (1988), have shown
that high siltation, both natural and man-induced, may be deleterious to rock lobster
recruitment. They found that despite extensive benthic algal growth, settlement of
post-larval pueruli of the spiny lobster Palinurus argus was significantly reduced in
severely silted habitats. Furthermore, as prey abundance was lower in silted algae, the
juveniles of those pueruli that did manage to settle, subsequently left the silted habitat
to obtain food in unsilted algal stands. Such movements are likely to increase the rate
of predation on lobsters, thereby affecting recruitment success.

The abundance of lobsters within a habitat, however, also depends on the availability
and suitability of food (Parrish & Polovina 1994; Hudon 1987; Wahle & Steneck 1991,
1992). Numerous studies have been conducted into the relationship between
J. lalandii and its associated benthos on the southern African west coast (summarised
in Branch & Griffiths 1988). In the Llderitz area, rock lobsters have been reported to
feed frequently on mussels and algae, with a positive correlation existing between their
occurrence in the diet and their abundance in the benthos (Tomalin 1993). Substantial
declines in benthic diversity as the reefs and their associated communities become
smothered can be expected to negatively affect rock lobster abundance as well as
reducing growth and reproductive rates.

Extensive mining operations involving the discharge and mobilisation of large volumes
of sediments in southern Namibia began decades ago, and records of reef distribution
and associated rock lobster abundances prior to mining remain largely unknown. The
extent and severity of the potential cumulative impacts of habitat degradation, and their
subsequent long-term effects on the rock lobster resource are therefore difficult to
qguantify. It must also be noted, however, that the frequency and extent of natural
perturbations along the southern Namibian coastline (particularly floods, ‘berg’ winds
and low oxygen events), make it difficult to separate natural from mining impacts on the
rock lobster resource. Evidence suggests that high natural variability exceeds
differences caused by mining impacts (Parkins & Branch 1995, 1996, 1997; Pulfrich
1998a; Pulfrich et al. 2003a; Pulfrich 2004a, 2005, 2006, 2007; Pulfrich et al. 2007).
Monitoring at Elizabeth Bay has failed to detect any negative short- or long-term effects
of the discharged tailings on the sex ratio, abundance and population structure of rock-
lobster (Pulfrich et al. 2003a; Pulfrich 2004a, 2005, 2006, 2007). Spatial differences in
mean length of lobsters were recorded, but are more to likely reflect variability due to
differences in habitat suitability, food availability and other environmental influences
than the effects of tailings. Consequently, the direct impacts of mining-related
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sediments on rock lobsters is considered of low significance. Nonetheless, as shore-
based and nearshore mining operations, and large-volume discharges of tailings from
treatments plants occur on a regional scale, the impacts of these on rock lobsters are
considered of medium significance.

The fish fauna of the west coast of South Africa and Namibia has a low diversity and
contains few endemic species. Most species are widespread and to some extent
migratory. Although they are mobile, and should therefore be capable of avoiding the
area during mining, there is the risk of demersal fish and other bottom-dwelling
organisms being sucked up together with the bottom sediments. Underwater
observations of mining tools in operation using remotely operated vehicles (ROVS)
have shown that fish, cephalopods and crustaceans (hermit crabs, brachyuran crabs
and mantis shrimps) seemed unperturbed by the mining activity (Heemstra 1994; EEU
1996). Heemstra (1994) reported that on average only ~20 fish, most of which were
small cynoglossids, were recorded on the sorting screens of the drill and crawler
vessels each day.

Although baseline knowledge exists of the abundance and distribution of the
commercially important species (hake, monkfish, sole, kingklip, and rock lobster), no
attempts have been made to quantify these on a sufficiently fine scale to determine the
impacts of offshore mining. Underwater videos collected by the research submersible
Jago in deeper waters off the Orange River mouth, however, showed that alterations to
the physical environment as a consequence of remote mining resulted in drastic
changes in the abundance and diversity of the nekton. This is to be expected, as some
demersal fish, especially flatfish, show preference for certain sediment types or grain
size mixtures, and consequently will be affected by any mining-induced changes in the
sediment characteristics as a consequence of mining.

Working in Alaska, Johnson et al. (1998) reported that juvenile yellowfin sole appear to
avoid tailings from a gold mine, which had a high content of clay/silt. A study by
Gibbons et al. (2000) on mining impacts on fish fauna in the Atlantic 1 Mining Licence
identified that in mined-out areas most of the species usually associated with soft
sediments were absent. The reason for this is two-fold. Firstly, there will be a localised
reduction in benthic invertebrates in the mining path as the infauna are removed by the
mining tool, and this is likely to directly affect the demersal fish which rely on this food
source. Secondly, the provision of new hard substrata will result in a community shift
towards species favouring the newly available substratum. Higher-level piscivores may
be secondarily affected by changes in the demersal fish community (Heemstra 1994).

Desktop studies investigating the potential impact of diamond mining on demersal fish
predict that the main impacts of mining are likely to be on breeding success rather than
on the adult stocks themselves (Heemstra 1994; . The impact is thought to be greatest
in the water column below the thermocline where the vulnerable early life-history
stages may be negatively influenced by mining-induced hypoxic conditions and
elevated suspended sediment concentrations (see also Oulasvirta & Lehtonen 1988).
No quantitative data are available for the Benguela region though, and the coincidence
between the mining-related sediment plumes and fish egg and larval distributions
needs to be investigated further. It should be kept in mind, however, that the main
spawning areas of the commercially important fish species are primarily in the shallow
shelf region north (<25°S) of current mining activities in Namibia, and south of activities
in South Africa. The impacts of mining on demersal fish resources is thus considered
of low significance.
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5.1.11 Other Impacts

There are also other impacts that have been identified in the course of consultations
with stakeholders, but which have been assessed as being of low significance. They
are discussed briefly below for the sake of completion.

5.1.11.1 Loss of Ferrosilicon

The only additive used in the diamond extraction process in land-based treatment
plants or onboard the mining vessels is Ferrosilicon (FeSi). Although most of the FeSi
is magnetically recovered for re-use, recovery is lower when mining sediments with a
high shell content, as the FeSi becomes trapped in the shells. On average ~130 tons
are lost annually per vessel and ~690 tons are discharged into the sea annually from
Namibian treatment plants. In areas with iron deficiency, loss of FeSi in the discharged
slimes could result in increased primary productivity with subsequent alterations in the
phytoplankton community structure. As phytoplankton communities have quick turn-
over rates, and as dilution of FeSi will be rapid, the effects are likely to be brief.
Although the impact can be considered of regional extent, at current losses the effect in
marine communities is likely to be negligible, and the impacts are thus considered of
low significance.

5.1.11.2 Loss of Mining Equipment

Remote mining vessels position themselves over the target areas using dynamic
positioning systems, or self-mooring systems commonly using a three- or four anchor
spread. In the larger vessels, the anchors on the seabed are connected to the end of
wire ropes or chains on positioning winches. On smaller mining vessels, however,
synthetic ropes are used as anchor lines. Although there has been a 75% reduction in
their use, small concrete blocks are also used to anchor underwater acoustic
positioning beacons used for crawler positioning. Equipment such as anchors and
positioning beacons are occasionally lost on the seabed, resulting in the creation of
seabed hazards and potential interference with demersal trawling, and/or potential
entanglement of marine mammals and fishing vessels.

Deepwater mining equipment is expensive, and every effort is made to retrieve lost
equipment within weeks of the loss occurring. If it is not retrieved, it will remain a
hazard on the seabed for generations. Accurate records of the positions of all lost
items are kept, and reported to maritime authorities. As most lost equipment is
retrieved, the impact is considered of low significance.

5.1.11.3 Marine Mammal Collisions

During dredge-mining using trailing suction hopper dredges (TSHDs), the vessel
moves frequently backwards and forwards across the target panel. Once the dredger
has filled to load capacity it sails to the discharge point and couples up to the discharge
pipeline. Vessel movements during the course of dredge cycles can result in
interference with marine mammals and interception of migration routes, and in the
worst case, collisions with the migrating whales.

Although the risk of collision with a migrating whale is ongoing as long as the dredger is
in the area, future dredging is planned in localised target areas for only 1-3 month
periods each year. Whales and dolphins occur in inshore waters throughout the
Benguela region and some species make use of coastal waters for breeding or as a
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migratory corridor. However, encounters with the dredger(s) are likely to be rare and
no collisions have been recorded, so the impact is thus considered of low significance.

5.1.11.4 Excavation of Dredge-pits in Nearshore Areas

Removal of extensive layers of overburden during dredging operations may leave deep,
steep-walled trenches or pits. Since long-period waves touch the bottom to depths
exceeding 120 m, persistent deep trenches in nearshore areas may result in alteration
in wave regime patterns, thereby affecting nearshore sediment transport. This may in
turn result in changes in erosion/accretion along the shoreline, ultimately leading to
changes to the beach morphodynamics. In the case of nearshore target areas, these
changes are likely to be highly localised, being restricted to the shoreline opposite and
to the north of the target area. Due to the highly dynamic nature of nearshore wave-
influenced areas, changes in hydrographical conditions and the corresponding
shoreline are unlikely to persist beyond the short-term. For target areas further
offshore, where trenches can be expected to be more persistent, changes in wave
patterns are likely to have dissipated by the time they reach the coastline (Geoff Smith,
CSIR, pers. comm.). Although beach processes may be temporarily altered, changes
in beach morphodynamics will be a gradual process, and the communities will be able
to adapt. The impacts of dredge-pits are thus considered of low significance.

5.1.11.5 Crew-change Flights over Sensitive Areas

Deep-water mining vessels remain at sea for extended periods, making it is necessary
to rotate and relieve the crew. Crew cycles are usually 28 days service at sea,
followed by 28 days shore leave. Crews are transported to or from their vessels by
helicopter from the nearest town with a suitable airport. Depending on the location of
the mining vessel, this may necessitate the helicopters flying over sensitive areas, such
as the Orange River mouth wetland, or the Namibian offshore islands. These habitats
constitute important breeding sites for seabirds and/or seals, which may be disturbed
by low-flying aircraft. The impacts are, however, considered of low significance, as
flight paths are adjusted to avoid the most sensitive areas.

5.1.11.6 Generation of Wastes

The types of wastes generated by prospecting and mining vessels include:

- gas emissions from engine/generator exhausts utilising gas oil and from the
incineration of wastes;

- various hydrocarbon substances (including gas oil, hydraulic oil, lubricating oil
and solvents) from the machinery spaces inside the confines of the vessels,
which collect in the bilges;

- sewage and organic wastes;

- garbage; and

- ballast water.

Although not all offshore operators are ISO 14001 certified, waste management
systems are in place on all mining and prospecting vessels in accordance with the
environmental requirements associated with the issuing of the prospecting/mining
licences. This includes oil spill management plans and the relevant insurances in the
event of a vessel disaster. The impacts of wastes generated by the mining vessels are
thus of low significance
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5.2 Cumulative Impacts & Recovery Rates

Over the past decade, a substantial amount of research and monitoring has been
conducted, and numerous scientific publications and client reports produced, on the
impacts of marine mining on the Benguela coastal and marine environment. However,
there have been increasing concerns that these reports each relate only to specific
companies, years, areas or mining licence applications, and that little attempt has been
made to amalgamate these into a comprehensive overview of the cumulative impacts
of all mining operations over time. Whereas separate mining operations might be
considered in EIA evaluations not to be having significant impacts on marine
ecosystems, taken together, the cumulative impact of similar operations by many
companies, or operations over an extended period of time, might have impacts that
need to be monitored and managed at a higher level than by individual companies.
This was the primary motivation behind inclusion of marine mining cumulative impact
reviews such as this report into the BCLME Programme.

Of particular relevance to understanding the potential cumulative impacts of diamond
mining is a summary of annual and cumulative sediment discharges from coastal
mining operations in southern Namibia (Figure 5.2a), and possible mining rates for the
various marine diamond mining methods (Figure 5.2b). By early 2005, cumulative
sediment inputs (from seawall mining, treatment plant discharges and dredger tailings)
to the nearshore region amounted to about 404 million tons of sediment (Figure 5.2a),
most of which (63%) is discharged within the area 30 km to the north of the Orange
River mouth. A further 147 million tons were predicted to be discharged by 2012
(Smith et al. 2006). The discharges primarily comprise coarse sediments, which
attribute to accretion of the shoreline, while some is transported northwards in the
littoral drift. This has resulted in a shoreline offset of almost 500 m in the region of No. 4
Plant and the total inundation of a roughly 500 m long section of rocky shore near No. 3
Plant, with significant accretion being evident as far north as Chameis Bay. The potential
effects of these discharges on the nearshore environment is detailed in the Project
BEHP/CEA/03/03: Assessment of the Cumulative Effects of Sediment Discharges from
On-shore and Near-shore Diamond Mining Activities on the BCLME (Smith et al. 2006).

Similarly, as interest in marine diamonds has increased, and as technology has been
developed to effectively mine diamonds at increasing depths, or through thicker
overburden sediments, mining rates have increased exponentially, from ~3 m?/day for
shore diving, to 100 - 300 m?/day for mid-water airlift tools, 1,000 - 5,000 m?/day for
deep-water remote tools, and recently to a potential 110,000 m?/day for trailing suction
hopper dredger mining (Figure 5.2b). It must be kept in mind, however, that only
drillship and crawler mining is permanently operational, as shallow-water mining is
weather dependent, and dredgers are contracted for only three months annually.

Conversely, however, monitoring and impact/recovery studies have found that some of
the potential concerns raised at EIA consultation meetings are unfounded, or that
natural recovery processes result in varying degrees of recovery of impacted areas.
Any such natural recovery will offset the cumulative nature of separate impacts such
that they might not be cumulative, provided recovery rates are more rapid than rates of
impact. Any review of cumulative impacts should therefore explicitly identify and
evaluate both the cumulative nature of impacts (over area and time), and the extent to
which these are offset by natural recovery processes. The purpose of this section is to
assess cumulative impacts of marine mining, to specifically identify, and quantify as far
as possible, natural recovery rates of various mining impacts, and to use this
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information to provide an overview of the extent to which natural recovery might have
offset the cumulative impacts of various mining methods.
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Figure 5.2 a) Annual and cumulative sediment discharges from coastal mining operations in
southern Namibia, and b) Mining rate by method, showing increase in potential area
mined per day as technologies have been improved.
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5.2.1 Recovery Processes & Rates

Over the past decade, numerous specific before-after and/or control-impact studies
have been conducted to evaluate impacts and recovery rates in areas mined by
various marine mining sectors. These studies have been designed to address specific
concerns raised during public participation processes associated with the EIAS/EMPRs
for mining operations along the Namibian and South African west coasts since
promulgation of the current environmental impact assessment legislation for these
mining activities. These studies have found that once mining activities cease, natural
recovery does take place in the intertidal and marine environments, and that recovery
rates along this high energy coast can in fact be fairly rapid. The purpose of this
section is to review key studies for a few of the main marine mining sectors: intertidal
mining (rocky shores and sandy beaches), shallow subtidal mining (community
disturbance and kelp-cutting), boat-based diver mining, and deepwater remote mining.
In particular, this section provides a summary of best estimates of recovery rates (initial,
partial and complete recovery) that can be used to evaluate past mining impacts in
terms of their likely degree of recovery after mining ceases.

Definition of Benthic ‘Recovery’

First, it is necessary to define what is meant by ‘recovery’. Many past benthic
community studies have attempted to evaluate recovery to ‘statistical similarity’ in
terms of species composition; that is, a return to abundances, biomass and
proportional species composition that are statistically equivalent to those surveyed
before mining. However, particularly along the Benguela coast, natural communities
are subject to remarkably high natural variability, with substantial mortalities,
recruitments and changes in community composition occurring in seasonal, annual and
decadal cycles. Expectation that impacted areas will recover to exactly the pre-mining
community composition is unrealistic, and unnecessary, as patchy settlement, natural
heterogeneity and environmental variability can prevent recovery to statistical similarity
from ever occurring, even following natural disturbance events. Seabed sediments are
naturally heterogeneous and variable over short distances, and it is not surprising that
most benthic community impact/recovery studies have found that fully 'recovered'
benthic communities still differ from undisturbed or control areas. The same changes
are observed in unmined control areas, which also show statistically significant
changes in abundance, biomass and community composition (Steffani & Pulfrich 2004;
Steffani 2007a, 2007b; Steffani & Pulfrich 2007). This has prompted international re-
consideration of the concept of 'recovery' for marine benthic communities, and the
proposal of alternative, more practically useful, definitions of recovery.

McCauley et al. (1977) propose that the term ‘recovery' should not be employed when
studying re-colonisation processes after cessation of dredging, as 'recovery' not only
implies a return to prior abundance levels, but also a return to the original ecological
networks, which may have taken years to develop. Changes induced by mining or
dredging may alter these pathways significantly and, although the resulting community
may return to pre-dredging abundance levels, it may never regain its pre-mining
structure. Ellis & Garnett (1996) and Garnett & Ellis (1995) argue that the focus should
be on recovery to ‘functional similarity’, and therefore define ‘'recovery' as
establishment of a successional community of species, which provide evidence of
progression towards a community that is similar in species composition, population
density and biomass to that previously present (or in some comparable control site).
Ellis (2003) notes the recent application of this concept to recovery of biodiversity,
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where recovery to 'sustainable ecological succession' is interpreted as the consistent
presence of numbers of a limited range of 'indicator’ species, to confirm the start of an
ecological succession that will lead to biodiversity recovery.

5.2.1.1 Rocky Intertidal Recovery

The impacts of shore-based mining on intertidal and shallow subtidal communities are
difficult to distinguish because of the high natural variability in rocky-shore benthic
community structure (Barkai & Bergh 1992; Pulfrich et al. 2003a). During mining, and
shortly after it ceases, fast-growing, opportunistic, intertidal foliose algae proliferate,
associated with a decline in grazers and decreased cover of filter-feeders. After mining
ceases, increases in grazer abundance are the next successional stage, and algae
begin to diminish. Recovery to a community structure statistically similar to that
present prior to mining occurs within two years (Parkins & Branch 1995, 1996, 1997;
Pulfrich 1998a; Pulfrich et al. 2003a). Similarly, recovery following wave disturbance
and experimental removal of mussels and limpets on the Namaqualand coast occurred
within 24 months (Eekhout et al. 1992; Steffani & Branch 2003, 2005). Studies
conducted in other parts of the world on the effects of trampling on intertidal biota
similarly concluded that recovery was typically achieved two years after the trampling
event, although the interaction of season, location, the indirect effects of reduction in
certain algal species and facilitative processes in recruitment of other algae all
contributed to varying speeds of recovery (Povey & Keough 1991; Brosnan & Crumrine
1994; Schiel & Taylor 1999).

5.2.1.2 Sandy Beach Recovery

Following small-scale beach and cofferdam mining, rehabilitation of the beach can
largely be left to wave and tidal action. Provided the cofferdam walls are breached, the
rocky foundations buried or distributed across the beach, and persisting tailings dumps
flattened, visual rehabilitation occurs naturally within a few weeks. This is well
illustrated in Plates 5.14a & b, which shows a cofferdam mining operation near the
Olifants River mouth. Mining commenced on the south of the beach and moved
progressively northwards in distinct target ‘blocks’. Rocky foundations were moved
sequentially northwards allowing the remaining cofferdam walls to breach and the
target beach-portion to recover naturally through wave action. Mining continued in the
immediately adjacent area (Plate 14b), with water from current operations being
pumped into the last-mined block to accelerate recovery to the original beach profile.
Seiderer & Newell (2000), in their study on the impact of mobile dredging platforms on
beach communities in Cornwall, United Kingdom, likewise reported that all evidence of
residual dredge pits and spoil mounds had disappeared within two weeks of the
platform having been removed from the beach. The benthos itself, will of course take
longer to recover by immigration and recruitment.
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Plate 5.14 Panoramic view of a progressive cofferdam mining operation showing a) natural
recovery of previously mined blocks to the south of mining activity, and b) partial
recovery (left) and active mining of target blocks (right).

If the surface sediment is similar to the original surface material when mining
operations cease, and if the final long-term beach profile has similar contours to the
original profile, the addition or removal of layers of sand and gravel does not have
enduring adverse effects on the sandy beach benthos (see also Hurme & Pullen 1988).
The studies conducted near the Olifants River mouth identified a rapid, clearly
detectable recovery in communities after beach and cofferdam mining had ceased, with
recovery to the pre-mining condition occurring within 20 — 50 months (Nel & Pulfrich
2002, Nel et al. 2003; Pulfrich et al. 2004; see also Seiderer & Newell 2000) (Figure
5.3a). The intertidal macrofauna of sandy beaches therefore appears to be relatively
tolerant to disturbance, and where impacts are localized and short-term, re-colonization
is rapid (van der Merwe & van der Merwe 1991; Brown & Odendaal 1994; Peterson et
al. 2000; Schoeman et al. 2000). Impacted areas are colonized by small, abundant
and opportunistic pioneer species with fast-breeding responses to tolerable conditions
(e.g. small crustaceans and polychaetes).

Final Report: Project BEHP/CEA/03/02 Page 227



BCLME Assessment of Cumulative Effects of Marine
Diamond Mining on the Benguela Region

Benguela Current Large Marine Ecosystem Programme

a) 8T r r r r r ' r .
y =3.766+0.021x
r=0479,p =0018
7 Q b
Q
E
2
4]
7]
m
£
o
57]
o 3 i
o
-
o
2 1
1- -
D T L] T T T L] T L] L]
0 10 20 30 40 50 60 70 80 90
Time since first mined [months]
b) 140 T T
y =7.971 +0.958x &
r= 0574, p = 0.0007
1201 1
L)
[&]
100 1 S
E
0 80 4 E
)]
D]
o
£ 601 .
e
o o
40 g .
201 % .
s i
O
- (o]
oL £ . . . . . 2
0 5 10 15 20 25 Unmined

Time since disturbance [years]

Figure 5.3 Recovery of macrofaunal biomass on sandy beaches, a) following small-scale beach
and cofferdam mining (after Pulfrich et al. 2004), and b) following extensive seawall
mining (after Pulfrich & Atkinson 2007).

In contrast, recent studies in Mining Area 1 (Clark & Nel 2002; Pulfrich & Atkinson 2007)
suggest that recovery of the shoreline and associated beaches and dune systems
following the cessation of large-scale seawall mining is both site-specific and very slow.
Consequently, recovery of the macrofaunal communities can take anywhere between
15 and 24 years (Figure 5.3b).
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5.2.1.3 Recovery following Kelp Cutting

Results of the BCLME study BEHP/CEA/03/04 on kelp cutting (Pisces 2007), identified
that kelp biomass in the Laminaria-dominated kelpbeds in Namibia recover to pre-
harvest levels within 4 - 8 months, primarily as a result of significant increases in kelp
density due to strong recruitment of juvenile Laminaria plants. Kelp density (number of
plants per square meter) increased dramatically within four months following
experimental removal of kelp, and in most cases exceeded those of the pre-cut
situation (Figure 5.4). Only in areas influenced by fines discharged from the Elizabeth
Bay mine (South Jetty), did kelp abundance in the cut lanes not reach or exceed
previous levels. Of interest also was the change in proportion of the two kelp species
over time, with the proportion of Laminaria increasing at most study sites.

In contrast, an Ecklonia kelp bed at Danger Point on the south coast of South Africa
returned to a state not differing significantly from that pre-harvest conditions (in terms
of plant biomass and density, and understorey community structure) within two years of
harvesting (Levitt et al. 2002), indicating that recovery is reflected in a return to stability
of the understorey ecosystem (Christie et al. 1998).
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Figure 5.4 Recovery of kelp abundance (number of plants per square meter) in two
experimentally cut lanes at three study sites near Elizabeth Bay in Namibia. Queries
indicate times when data could not be collected (from Pisces 2007).
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5.2.1.4 Subtidal Diver-Mining Recovery

Following mining by shore-based units, the benthos of shallow subtidal reefs recovered
within 2-5 years. Only the community composition of the rubble piles of boulders left by
divers remained different from that of unmined reference sites and, indeed, different
from the rest of the mined areas (Pulfrich et al. 2003a).

Pulfrich & Penney (2001) found that recovery of communities disturbed by vessel-
based mining operations in 10-25 m depth was likewise rapid. Boulder beds exposed
by mining were colonised by lobsters from adjacent reef areas within weeks. Re-
colonization of the exposed rocky surfaces occurred within 6 months, with urchins
being the first benthic organisms to migrate into the area, followed shortly by other
mobile organisms such as starfish, whelks, and anemones (Plate 5.15 and Figure 5.5a).
The structure of the developing benthic communities, however, remained different from
that in unmined areas for as long as five years. Recovery of the mined sites in this
instance involved the subsequent slow in-filling of the mined gullies with sediment
(Figure 5.5b). In some mined areas, where previously buried boulders had been
exposed by mining, the taxonomic diversity declined to a level comparable to the pre-
mining state within three years after mining had ceased, as communities became
progressively smothered by re-depositing sediments. (Pulfrich & Penney 2001; Pulfrich
& Penney, in prep.)

Plate 5.15 Exposed rock face in a mined gully showing the rock-gravel interface on gully wall
and the gradual invasion of exposed rock by mobile and encrusting organisms.

Coarse tailings discarded by nearshore mining vessels are usually rapidly re-dispersed
by strong wave action and re-deposited into the mined-out gullies. Pulfrich & Penney
(2001) reported that in areas where tailings disposal occurs for a limited period only,
the duration of the effect of discarded tailings on adjacent reef is short, and reef
communities impacted by disposed material recover within 1-2 years. However, where
repetitive or substantial disposal of tailings results in the persistent smothering of reef
areas, diversity on these reef areas is substantially reduced, and the area rendered
less suitable for lobsters, over the medium- to long-term. The mining impacts and
subsequent recovery processes are summarised in Figure 5.5a and 5.5b, respectively.
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5.2.1.5 Deepwater Remote-Mining Recovery

Much of the information about recovery of deepwater remote mined areas comes from
a report by Penney & Pulfrich (2004) on recovery and rehabilitation of the De Beers
Marine deepwater remote mining operations in their ML3/2003 concession off the
South African northwest coast.

Physical Recovery of Seabed Sediments

In a review of international experiences in environmental impact assessment of marine
and coastal mining, Ellis & Garnett (1996) identified the two main lines of mitigation for
offshore mining as being (1) the deposition of tailings within as small an area as
possible surrounding the mining block, and (2) to facilitate biodiversity recovery by
contiguous placement of the mining system (i.e. overlapping drill-head circles or
crawler lanes), as well as mining blocks, so as to avoid leaving gaps that can
subsequently be re-mined. As a result of the position of the mining vessel in relation to
remote mining tools, both of these requirements are met to a large extent by current
deepwater diamond mining operations off the southern African west coast. The
manner in which the mining tools are deployed beneath the vessel ensures that tailings
fall within, or at least directly adjacent to, the mined area, so the total area affected is
limited to no more than twice the mined area. Re-deposition of tailings back into the
mining area also results in some degree of immediate 'rehabilitation’ of mined areas by
back-filling, as practiced in terrestrial mining operations where back-filling is the
recommended primary rehabilitation measure as mining progresses.

Effort is also put into ensuring that target areas are mined to completion during initial
mining, to avoid the need for re-mining. Much of the developmental work put into
improvements to the mining tool, positioning systems and vessel anchoring systems is
designed to improve mining area coverage, and eliminate the need for re-mining. Post-
mining sidescan sonar surveys are frequently conducted to evaluate mining efficiency
and coverage in prospected and mined areas. These surveys confirm that, in addition
to the initial deposition of tailings into mined areas, gradual natural re-filling of mined
areas with fine sediments continues over time, even at the depths mined by these
operations (currently down to about 130 m). Despite the reduced wave and current
action at these depths, significant smoothing and in-filling of mined areas is visible in
sidescan sonar surveys of mined areas 1 - 2 years after mining.

Examples of sidescan sonar survey images showing recovery of prospected and bulk-
sampled sites in the ML3/2003 area are shown in Figures 5.6 & 5.7. Figure 5.6 shows
an area immediately after Wirth drill and crawler bulk sampling, and one year later.
Substantial smoothing of prospecting disturbance features is evident, with visible
recovery of anchor scars and crawler-sampled areas. Figure 5.7 shows a mega-drill
and Wirth drill prospected area, one and two years after prospecting. Substantial
recovery of the mega-drill sampled area is evident, again with evidence of smoothing of
the Wirth drill holes.

The impact of mining operations, and the rate of physical recovery, are highly
influenced by the particle size distribution of the sediments and local oceanographic
conditions. Disturbance features have been found to be substantially more persistent
in fine, consolidated clays and muds, than in sandy sediments. Whereas dredge tracks
in the muddy Thames estuary persisted for up to 2 months (Pickett 1973), Cook (1991)
noted that tracks seldom remain for more than a few days in sandy habitats.
Persistence of surface sediment features is a function both of the cohesive properties
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Figure 5.6 Seabed sidescan sonar survey images of a ML3 sampling area a) immediately
after bulk sampling using a Wirth drill and crawler; and b) 11 months after
sampling.
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Figure 5.7 Seabed sidescan sonar survey image of an ML3 megadrill and Wirth drill
sampled area, showing a) seabed impact a year after sampling; and b) further in-
filling, smoothing and recovery 15 months later.
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of the sediment framework, and the local hydrodynamic regime. Rapid recovery of
unconsolidated sandy habitats is analogous to the response of a plankton community,
where disturbance simply results in rapid redistribution of surrounding medium and
organisms (Schoeman et al. 2000). This differs substantially from stable sedimentary
habitats, where cohesive properties of particles and biotic structures such as
polychaete worm tubes hold sediments together. Disturbing this type of consolidated
habitat results in the formation of surface features such as pits and furrows, which
persist until the former sediment structure is gradually regained.

Desprez (2000) notes that the in-filling of pits and furrows depends upon the type of
substratum and the ability of local currents to transport the surrounding sediment back
into the disturbed area. Except in areas of mobile sands, the process tends to be very
slow (Eden 1975, Millner et al. 1977, Desprez & Duhamel 1993, Kenny & Rees 1996,
Newell et al. 1998). For example, 30-cm deep furrows in coarse gravel areas are still
clearly visible on sidescan sonar records several years after formation, and even the
strongest currents are unable to transport gravel from adjacent areas. In such areas,
in-filling occurs largely through fine sediment fallout, either from suspension or from
transport over the sea floor. Off Norfolk, the uniform and stable sea floor was
transformed after five days of dredging into a bottom traversed by numerous furrows
(Kenny & Rees 1996). In areas of high sediment transport (as indicated by the clear
presence of sand ripples on the seabed), natural sediment movement led to a
significant erosion and in-filling of these furrows.

Jewett et al. (1999) conducted repeated annual bathymetric surveys of an area mined
in 1986, starting the year after mining, to evaluate the effects of offshore placer gold
mining on benthic invertebrates in the Bering Sea. Results showed a continual
smoothing of seabed relief, decreasing size of the tailings footprint, and filling of
depressions left by mining. Moderate anomalies in sea floor relief were still observable
5 years after mining, and recovery from the physical disturbance was still occurring.
The associated benthic community recovered within 4 years, and this relatively slow
recovery (compared to that associated with shallow-water dredging operations),
appears to have resulted from the unconsolidated nature of sediments in the
depressions and tailing piles, and the natural disturbances present in Norton Sound.

Recovery of Benthic Communities

In the offshore Atlantic 1 mining licence area comparisons of abundance and biomass
have been made between unmined sites and sites mined at various times in the past
(Figures 5.8 and 5.9, from Pulfrich & Penney 1999c). Results suggest that the effects
of drill mining on benthic communities persist for at least five years (Savage 1996; van
der Merwe 1996; Winckler 1999; Parkins & Field 1997,1998; Pulfrich & Penney 1999c;
Savage et al. 2001). Recovery rates of crawler-impacted communities are, however,
variable. In the northern research area, the community composition of a site crawler-
mined 9-10 years ago was still significantly different from that in unmined areas. In
contrast, the benthos from sites mined in the southern research area 5-6 years ago
appeared to have recovered to the extent of being indistinguishable from communities
in unmined areas. Possibly the proximity of the southern research area to the Orange
River mouth facilitates more rapid deposition or movement of fine sediment back into
the mined areas, accelerating the recovery of benthic communities (Pulfrich & Penney
1999).

In the northern area (Figure 5.8), benthic abundance appeared capable of recovering
rapidly to pre-mining/control levels within 1 - 2 years, and has remained at that level at
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sites mined at various times in the past. Biomass failed to recover in 5 years , although
it did increase fairly rapidly within 2 years, primarily as a result of substantial
recruitment of molluscs. Savage et al (2001) have hypothesized that some molluscs
are robust enough to survive the mining process and be returned to the mined area
alive. Mobile scavenging gastropod whelks may also rapidly colonise mined areas
from adjacent unmined areas. Northern area biomass was highly variable, reflecting
marked differences in community composition at sites mined at various times in the
past. In the southern area (Figure 5.9), benthic abundance appeared able to increase
to pre-mining levels over a period of about 5 years, but was also variable among sites.
Biomass increased steadily over 5 years, but had still not recovered to levels in
unmined sites.

Recovering communities in Atlantic 1 were initially dominated by polychaetes and, to a
lesser extent, crustaceans. After 2 - 3 years, the contribution of crustaceans to the
total abundance and biomass increased, and molluscs and other slower growing
organisms increasingly appeared. The observed differences among sites confirms the
natural variability in benthic communities in the region. In addition, indications of
significant recruitments and natural mortalities in these recovering succession
communities provided evidence of natural disturbances, possibly related to low-oxygen
events prevalent over biogenic muds north of the Orange River mouth (Pulfrich &
Penney 1999). Savage et al. (2001) noted similarities in apparent levels of disturbance
between mined and unmined areas off the southern African west coast, and areas of
the Oslofjord in the NE Atlantic Ocean, which is known to be subject to periodic low
oxygen events. They concluded that the lack of clear separation of mined from
unmined samples suggests that short-term physical disturbance resulting from mining
is no more stressful than regular anoxic events typical of this area.

There may be both spatial and temporal differences in the structure of benthic
communities developing in areas impacted by different mining methods. The
community developing after a mining impact will depend on (1) the nature of the
impacted substrate, (2) differential re-settlement of larvae in different areas, and (3)
environmental factors such as near-bottom dissolved oxygen concentrations. The
cutting action of the Wirth drill, and its ability to penetrate the footwall, results in the
removal of boulders from the seabed, whereas the bars on the suction boxes of the
crawler prevent the removal of boulders. Although the structure of a boulder-
dominated seabed is difficult to quantify by grab-sampler, mined areas appear to have
a higher proportion of gravel than unmined areas, as previously found by Parkins &
Field (1998). This would account for the differences in community structure between
mined and unmined sites. Furthermore, the composition and rate of movement of the
sediment back into a mined-out area will also play an important role in structuring the
succession community and determining the rate of recovery (Pulfrich & Penney 1999).

Given the substantial amount of dredging conducted internationally for the purpose of
harbour/channel clearance, reclamation and sand mining, much of the impact
assessment work on benthic communities has been conducted in dredged areas. The
impacts of dredging on benthic community structure have been well documented, with
most studies concluding that the major direct, short-term impact is the immediate
destruction of benthic populations (Morton 1977). However, adjacent benthic
communities are also affected as a result of smothering of organisms by settling of fine
material (Jones & Candy 1981), or enrichment of the surrounding area due to re-
suspension and re-settlement of organic material (Poiner & Kennedy 1984).
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The rate of recovery/re-colonization depends largely on the type of community that
inhabits the deposits in the dredged area, the extent to which the community is
naturally adapted to high levels of sediment disturbances, the sediment character
(grain size) and physical factors such as depth and exposure (waves, currents) (Newell
et al. 1998). Recolonization takes place by passive translocation of animals during
storms or sediment slides from nearby unaffected areas, active immigration of mobile
species, and immigration and settlement of pelagic larvae and juveniles (Hall 1994,
Kenny & Rees 1994, 1996; Ellis 2000). Areas of undisturbed deposits between
dredged furrows may also provide an important source of colonists that enable a faster
recovery than might occur solely by larval settlement and growth.

Short-lived species with a high reproductive rate generally recover more rapidly than
slow growing, long-lived species. These 'opportunists' are usually small, mobile, highly
reproductive and fast growing species, and are normally the first colonizers. Even fine
mobile deposits subject to frequent disturbances are typically inhabited by these
opportunistic species. Re-colonization by such species starts rapidly after cessation of
dredging, and density may recover within weeks. Opportunistic species may already
attain increased densities within months after sediment removal. Conversely, more
stable habitats (characterised by coarser sediments) are typified by large, often
burrowing, slow-growing and long-lived species (Newell et al. 1998). Long-lived
species such as molluscs and echinoderms need longer to re-establish the normal age
and size structure of the population. Biomass therefore often remains low for several
years (Kenny & Rees 1994, 1996).

Similarly to recovery of physical processes, re-colonisation of the denuded seabed and
surrounding area is site-specific, with the recovery time and resulting community being
dependent upon local hydrodynamic and sedimentary conditions (Morton 1977; van der
Veer et al. 1985). Recovery times of dredge footprints depend largely on sediment
composition, and how much sediment is left in the impacted area. Approximate times
to recovery of various sediment types after dredging are shown in Table 5.1 (from Ellis
& Garnett 1996). However, specific local circumstances can alter these times
substantially. The fastest recorded re-colonisation of a dredge site was two days,
following a substantial settlement of drifting larvae (Ellis & Garnett 1996).

Table 5.1 Estimated times for recovery of different seabed sediment habitats after dredging
(from Ellis & Garnett 1996).

Sediment Type Recovery Time

Fine-grained deposits: muds, silts, clays, which can

; 1 year
contain some rocks and boulders y

Medium-grained deposits: sand, which can contain
some silts, clay and gravel

Coarse-grained deposits: gravels, which can
contain some finer fraction and some rock and 5 years
boulders

Coarse-grained deposits: gravels with many rocks
and boulders

1-3 years

> 5 years

Shallower areas, dominated by mobile, sandy sediments, and subject to strong swell or
current effects, tend to recover rapidly. For example, re-colonization of shallow-water
(6-9 m depth) sandy seabed communities occurs soon after dredging, with complete
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recovery apparent within one year (Saloman et al. 1982). Hall & Harding (1997) found
that in the Solway Firth recovery of a tractor dredging and hydraulic suction dredging
area consisting mainly of silts and clays was complete within 56 days. In shallower
areas, recovery of the faunal assemblage was observed after about 32 days, but
recovery in deeper water took much longer, suggesting that the deeper areas were
physically different in some way.

Recovery of the benthos in dredged areas with finer, consolidated muds may take from
one month to five years or more, depending not only on sediment particle size and
mobility, but also on the immigration distance of stocks of potential recolonizing species
(Bonsdorff 1983). Recolonization rate is, as expected, inversely proportional to
dredging intensity (McCauley et al. 1977; Millner et al. 1977). Where few furrows are
created, these are rapidly re-populated by organisms from undisturbed intervening
hummocks of sediment. For example, a study of the impacts of dredger harvesting of
Intertidal clam cultivation found that benthic infaunal communities recovered within
seven months (Kaiser et al. 1996), whereas recovery of a harbour-dredged area took
2-3 yrs (Lopez-Jamar et al. 1995).

Seen in the context of southern African marine mining, this capacity for benthic
communities to rapidly re-establish as a result of recruitment from adjacent, unmined,
areas is important. Ellis & Garnett (1996) have noted that re-colonisation can even
take place from great distances, up to several hundred kilometres, as a result of larval
drift. The viable diamond gravel areas targeted by local marine diamond mining
operations are small, and mining blocks are typically not contiguous. Re-colonization
of mined areas can therefore easily occur from benthic communities in adjacent,
unmined areas, typically not more than a few kilometres distant. Evidence that this can
and does occur has been obtained from benthic community baseline samples in the
ML2/2003 area off northern Namaqualand, which confirm that substantial recruitment
of a wide range of species can occur simultaneously (Steffani & Pulfrich 2004). For
such recruitment to lead to sustainable succession of recovering communities, it is
important to complete mining in a target area to the point at which it is unlikely that the
area will be re-mined. Mining each area to completion, and avoiding re-mining, is in
fact also one of the engineering objectives for these operations.

Besides areas actually affected by direct excavation processes, substantial research
has also been conducted into the impact and recovery of areas affected by the disposal
of tailings resulting either from dredging or mining. Generally, benthic organisms are
capable of colonising tailings disposal areas (Kline & Stekoll 2001), so that the
presence of tailings does not inhibit the recolonisation and recovery of benthos.
Moreover, some mobile benthic animals are able to migrate vertically through more
than 30 cm of deposited sediment (Newell et al. 1998; Ellis 2000). Meiofauna also
migrates through deposited sediment (Schratzberger et al. 2000).

As a result, a number of studies of the effects of tailings disposal (Ellis & Garnett 1996;
Ellis 2000; Ellis et al. 1995; Newell et al. 1998) have found that benthic biodiversity
losses are only recorded where continuous deposition of sediment exceed 20 cm depth
per year, with existing organisms able to burrow upwards and survive at lower
deposition rates. Even following deposition rates exceeding 20 cm/year, new larval
settlement occurs as soon as deposition at that rate ceases. This is particularly
relevant to marine mining off southern Africa, where tailings disposal is spread over the
mining area as the ship moves to re-position the mining tool, so that tailings impacts on
any particular area are of short duration.
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Generally, tailings disposal areas support diverse and abundant benthic communities.
Even areas where loss of benthos does occur due to high tailings sedimentation rates,
such as close to submarine tailings disposal outlets, recover within 1-2 years (Ellis &
Robertson 1999; Ellis 2000). Recovery times from the effects of tailings disposal,
however, also depend on local conditions.

The structure of recovering benthic communities is different to the original communities
if sediment characteristics have been altered. For example, sand extraction may result
in reduced sediment depths, or exposure of seabed sediments that are different from
those present prior to the dredging. Consequently, a markedly different benthic
community to that originally present may re-colonise the area. So, whereas abundance
and diversity of a benthic community impacted by tailings from a copper mine
recovered within three years after closure, the composition of the re-established
community remained significantly distinct from the original community (Burd 2002).
Polychaetes were found to be relatively robust to tailings disposal, and were the
principle colonizers, whereas amphipods and ophiuroids appeared to be most sensitive
to smothering and re-suspension effects.

In a 10-year monitoring program of sediment and associated macrofauna at an
industrial extraction site, Desprez (2000) found that the structure of the benthic
community changed from one typical of coarse sands to one adapted to fine sands,
with local dominance of opportunistic species, as a result of increased deposition of
fine sediments. Although species richness was fully restored after 16 months, density
and biomass were only 40% and 25% recovered, respectively, compared to reference
stations, after 28 months. The recovered community structure also differed from the
initial one, being more typical of the finer sediments.

Not surprisingly, benthic community recovery rates are appreciably slower in deep
water. However, even at depths in excess of 1,000 m, impacts vary in severity, and
recovery does occur. Experimental studies on depositional, muddy sediments have
suggested that a high proportion of deep-sea benthic macrofaunal taxa may actually
remain unaffected by sediment deposition, with changes resulting mainly from
increases in opportunist species, probably as a result of increase in food availability
(Ferns et al. 2000, Schratzberger & Warwick 1999). Okubo (1999) reported that
meiobenthic abundance in a deep-sea disturbance experiment recovered within 4
years. In an intensive pilot study of the effects of deep-sea manganese nodule mining,
macrofaunal abundance 'recovered' after seven years, although actual community
structure remained different (Schriever et al. 1997). Recovery of disturbed seabeds at
such depths to a composition similar to undisturbed areas is therefore likely to take
decades (Foell et al. 1990, 1992a, 1992b, Thiel & Schriever 1994).

Ellis (2001) has concluded that initiation of deep-sea benthic recovery is not that much
slower than in shallow water, at least in terms of the concept of 'sustainable ecological
succession'. Once primary opportunistic species have started to sustain themselves,
the overall succession reaches a sustainable state, and should progress to a mature
(climax) community. Seabed biodiversity can recover to such sustainable succession
within 1-5 years (Ellis 2001, Newell et al. 1998). However, as the structure of mature
soft-sediment benthic communities is naturally highly variable, it is difficult to measure
when 'equilibrium' has been attained. As a result, it would not be expected that the
composition and structure of 'recovered' communities will be identical to the pre-mining
state, nor to control areas, which may differ somewhat in physical characteristics.
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All of the available information on recovery rates from the above Benguela regional
studies on impact and recovery of areas mined by different methods, and at different
depths, together with relevant international references on recovery rates of soft-
sediment seabed areas that are impacted by other activities, is summarised in Table
5.2 below. This provides an overview of the expected times to start of recovery,
duration of partial recovery, and expected times to full recovery, of areas mined by
different methods, and at different depths, ranging from on-land terrestrial mining in
arid desert areas, out to deep-sea nodule mining at depths in excess of 1,000 m. It
must be emphasized that the summary values for these recovery phases represent
best estimates from all reviewed references of the maximum times to recovery after
full-scale, intensive mining operations. The values in the table are therefore
conservative estimates of recovery times, and recovery of lightly-prospected areas
would be substantially more rapid.

The information in Table 5.2 was used to compile Figure 5.10, showing the estimated
maximum times to start of recovery, partial recovery and full recovery, ranging from
arid-area terrestrial mining operations, through various scales of beach/coffer
dam/intertidal mining, to offshore mining operations at increasing depth.

100
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1 . Start of Recaovery
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Figure 5.10 Maximum times to various stages of natural recovery (still impacted, recovering,
partially recovered and recovered) reported in the literature for various local
studies of marine mining, and relevant international studies on other seabed
disturbances, in Table 5.2.
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Table 5.2 Summary of maximum reported times to start of recovery and durations of recovering and substantially recovered status of coastal
and marine areas at increasing depth, disturbed by a range of activities, including various marine mining methods. References
cited include all those available from studies of marine mining impact-and-recovery rates in the Benguela region, as well as relevant
international studies of marine benthic disturbances. These recovery rate values were used to generate the recovery curves shown

in Figure 5.10.

Method/Depth

1 Deep-Sea Nodule Mining: 5
>1,000 m

Start of

Recoverin
Recovery 9

10 40

Substantially
Recovered

References

¢ Nodule mining off Peru: signs of recovery >7 years (Schriever et al.
1997)

e Recovery after disturbance at >100 m depth likely to take decades
(Foell et al. 1990, 1992a, 1992b; Thiel & Schriever 1994)

2 Deepwater Remote: 2
130 m

e Swedish fjord recovery after a major anoxic event: 2 years
(Rosenberg et al. 2002)

e Benthic communities in Atlantic 1 area: recovery takes 10 years or
more (Savage 1996; van der Merwe 1996; Winckler 1999; Parkins &
Field 1997, 1998; Pulfrich & Penney 1999; Savage et al. 2001)

e Atlantic 1 drill mining effects persist >5 years. Crawler mining impacts
recovery: Northern area >9-10 years, Southern area 5-6 years
(Pulfrich & Penney 1999)

3 Midwater Remote: 40 m 1

e Marine dredger gold placer mining off Alaska: 3 years for benthic re-
colonization of dredged area (Garnett & Ellis 1995; Jewett 1999)

¢ Physical replenishment of fine deposits within the wave base: Within 1
year. Medium grain deposits: 1 - 3 years. Coarse deposits with some
fines: 5 years. Coarse deposits, rocks & boulders: >5 years (Ellis
1996 and others)

4 Vessel-Based Divers: 0.5
25m

¢ Diver mining in 25 m off Zweispitz: Taxonomic diversity recovered
within 1 year (Barkai & Bergh 1993; Parkins & Branch 1995, 1996,
1997; Pulfrich 1998a, 2004a; Pulfrich & Penney 1998, 1999, 2001,
Pulfrich et al. 2005; Pulfrich & Penney in press))

e Recovery of reefs off Zweispitz impacted by dumping of overburden: 1
- 2 years (Parkins & Branch 1996, 1997; Pulfrich 1998a; Pulfrich &
Penney 2001)

¢ Boulders beds exposed by pumping: 3 years to re-fill with sediments
and ‘recover’ (Pulfrich & Penney 2001; Pulfrich & Penney in press)
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Start of Substantially

Method/Depth Recovering References
Recover Recovered
5 Shore-Based Divers: 10 m 0.5 1 2 ¢ Recovery of subtidal mined areas: < 2 years (Pulfrich et al. 2003a).
Re-growth of cut kelp in cleared lanes: within 1 year (Pisces 2007)
6 Intertidal/Beach 0.1 0.5 15 ¢ Physical recovery of mined beaches within a few months (Nel &

Pulfrich 2002; Nel et al. 2003; Pulfrich et al. 2004)

¢ Rapid recovery in beach communities to pre-mining condition after 20
- 50 months (Nel & Pulfrich 2002; Nel et al. 2003; Pulfrich et al. 2004)

¢ Physical recovery of Cornwall surf-zone communities after platform
tests within 2 weeks (Seiderer & Newell 2000)

e Beach re-colonization rapid (van der Merwe & van der Merwe 1991;
Brown & Odendaal 1994; Petersen et al. 2000, Schoeman et al. 2000)
New Zealand trampling of rock intertidal: recovery within 2 years
(Schiel & Taylor 1999)

e West coast rocky intertidal after mining/trampling: recovery <2 years
(Parkins & Branch 1995, 1996, 1997; Pulfrich 1998a; Pulfrich et al.
2003a)

e Recovery occurred after experimental removal of limpets (Eekhout et
al. 1992)

¢ Recovery of mussel cover after wave disturbance: 80% in <24 months
(Steffani & Branch 2003)

e Recovery of experimentally cleared mussel patches 20-24 months
(Steffani & Branch 2005)

7 Small Cofferdams 0.5 2 5 e Extrapolated from above

8 Seawall/Mine dumps 5 20 50 e Recovery of shoreline and beaches after large-scale seawalls slow;
little recovery after 18 years due enduring physical changes. May
take decades or centuries (Watson 1992; Brown & Odendaal 1994;
Rickard et al. 1994)
e Namibian mine dumps: recovery of plants starts about 5 years, fair
cover after 15 years, 80% of species after 40 years (Pallett et al.
1995)
9 Arid area terrestrial 20 50 120 ¢ Namibian gravel plains - removal of topsoil: no observed natural
recovery to date since mining (Burke & Raimondo 2002)
e Gravel and sand dumps at Jammerbucht still physically different after
80 years, with different/reduced plant communities (Pallett et al. 1995)
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There is, of course, variation around the estimated recovery rates reported in the
literature, and actual recovery rates will depend to some extent on specific local
circumstances and details of the methods and mitigation measures used during
individual operations. However, the summary of rates in Table 5.2, and the depiction in
Figure 5.10, do capture maximum know times to recovery. Impact and recovery
studies have tended to report mainly on evidence of start of recovery, and evidence of
recovery to species richness, abundance and community composition not significantly
different from the pre-mining condition (‘full’ recovery). Estimates of ‘partial recovery’
either come from studies showing some detectable degree of recovery (but not full), or
are simply extrapolated between start and full recovery. In the absence of adequate
information to properly quantify variance around these rates, available information has
been used to generate recovery curves in which the likely variance is expected to lie
mostly below the curves (i.e. recovery may be more rapid).

What is certain, is that recovery of substantial terrestrial mining disturbances on land in
the arid desert coastal environment is extremely slow, potentially taking decades
before significant signs of recovery of vegetation communities is detected, and with
impacts still being obvious after a century or more (Pallett et al. 1995; Burke &
Raimondo 2002). This has been a key factor in leading concerned stakeholders in
marine mining EIA public participation processes to express concerns that recovery
rates in the marine environment must be equally slow, particularly for the offshore
benthic environment, which cannot easily be observed. However, what is equally well
researched and well known is that natural recovery rates in the intertidal and shallow
subtidal environment within the surf-zone are rapid, with recovery of mined beaches
back to original community composition starting within weeks, and full recovery within 1
to 2 years (van der Merwe & van der Merwe 1991; Brown & Odendaal 1994; Seiderer
& Newell 2000; Petersen et al. 2000; Schoeman et al. 2000; Nel & Pulfrich 2002; Nel et
al. 2003, 2004; Pulfrich et al. 2004). Even rocky intertidal areas subject to substantial
degradation have been found to recover in under two years after cessation of impact
(Eekhout et al. 1992; Parkins & Branch 1995, 1996, 1997; Pulfrich 1998; Schiel &
Taylor 1999; Pulfrich et al. 2003; Steffani & Branch 2003, 2005).

A series of specific studies on impact and recovery of shallow subtidal (<10 m depth)
mined by shore units in Namaqualand and near Lideritz (Barkai & Bergh 1993; Parkins
& Branch 1995, 1996, 1997; Pulfrich 1998a), and subtidal (15 m - 25 m) areas heavily
mined by boat-based divers in the Zweispitz area near Luderitz (Pulfrich & Penney
1998, 1999, 2001; Pulfrich et al. 2005; Pulfrich & Penney, in press), have found initial
signs of recovery in under one year, with full recovery of such areas taking 1 to 3 years.
Even for deepwater mining in depths in excess of 100 m, a substantial series of related
before-after/control-impact studies of areas remote sampled or mined by De Beers
Marine Namibia and De Beers Marine, north and south of the Orange River mouth,
have found evidence of benthic recruitment within one year after operations, significant
recovery of abundance and diversity after about 5 years, with some areas showing ‘full’
recovery (in benthic community diversity or abundance at least) in 10 - 12 years
(Savage 1996; van der Merwe 1996; Winckler 1999; Parkins & Field 1997, 1998;
Pulfrich & Penney 1999; Savage et al. 2001). Even in for the deepest known mining
operations, international studies of nodule mining and aggregate extraction at depths
up to 1,000 m have found signs of initial recovery after as little as seven years
(Schriever et al. 1997), although acknowledging that recovery is likely to take decades
at these depths (Foell et al. 1990, 1992a, 1992b; Thiel & Schriever 1994).

These recovery rates are certainly linked to the degree of natural, physical disturbance
in the areas, and at the depths, concerned. For benthic communities, recovery is
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closely linked to, and dependant on, physical recovery of the sediment distribution and
composition in the mined area. The primary impact of mining is to alter this sediment
distribution or composition. The driver of biological recovery is the initial rate of
physical recovery of the sediment composition (particle size and organic content) and
stratification required for effective settlement and colonisation by benthic organisms.
This even applies to terrestrial recovery, with floral colonisation being dependant on re-
establishment of suitable topsoil composition and stability. The primary physical
mechanisms of recovery are therefore those that relate to sediment mobilisation,
transport and depositions, and these are discussed in detail in Chapter 2: Sediment
Processes, and Chapter 3: Ecosystems and Environmental Processes.

The recovery curves shown in Figure 5.10 are therefore driven by the relative
frequency and intensity of natural sediment transport processes active in these various
areas and depths. In areas with high wave action, strong erosional and transport
processes and heavy sediment deposition, recovery is rapid, with sediments removed
or disturbed by mining being rapidly replaced, re-distributed and re-stratified in the
mining area. Once suitable sediments for colonisation have been re-established, the
organisms typical of the Benguela shelf region are highly adapted to re-colonising such
areas, and rapid re-colonisation has been observed at all depths, ranging from the
intertidal zone, out to the deepest depths mined using remote drills and seabed
crawlers.

Even at the depths of the deepest current offshore remote mining operations (~130 m),
natural re-suspension and movement of fine, organic-rich sediments near the seabed
does occur, with heavy winter swells capable of mobilising sediments in depths up to
170 m (see Chapter 2. Sediment Processes). This continual movement of fine
sediments, coupled with the seasonal deposition of millions of tons or organic detritus
resulting from summer phytoplankton blooms (see Chapter 3: Ecosystems &
Environmental Processes) results in gradual but continual recovery of mined areas,
with benthic colonisation following after adequate fine, organic-rich sediments have re-
established in the mined areas to support benthic recruitment. The observed increase
in recovery times with increasing depth is therefore a direct function of the degree of
swell movement, and associated sediment re-mobilisation. The expectation is
therefore that below the maximum reach of swell effects (such as the impacts of
demersal trawling deeper than 200 m, see Chapter 6: Impacts of Other Users),
recovery rates would be substantially slower.

5.2.2 Cumulative Impacts by Mining Sector

The primary purpose of this project was to obtain, integrate and analyse data on extent
of areas mined by the different mining sectors, and the main product of this project is
the resulting BCLME Cumulative Impacts GIS Database described in Appendices B
and C. The substantial amount of geospatial data provided by the main Namibian and
South African mining companies has enabled this project to generate the first merged
overview of the overall impact of mining, expressed in terms of factors such as total
annual positions and areas mined, or volumes of screened gravel produced.

Recognising that natural recovery processes in the Benguela marine environment do
play a significant role in offsetting the cumulative impacts of mining over time, the
information on recovery rates presented in Table 5.2 and Figure 5.10 above was used
to classify past mined areas in terms of the likely recovery status of each mined area.
The recovery durations used to classify areas mined by the four main mining sectors

Final Report: Project BEHP/CEA/03/02 Page 245



CLME Assessment of Cumulative Effects of Marine
Diamond Mining on the Benguela Region

Benguela Current rogramme

into either Impacted, Recovering, Partially Recovered or Recovered status are
summarised in Table 5.3 below for the four mining sectors.

Table 5.3 Durations of Impacted, Recovering, Partially Recovered and Recovered status of
areas mined using different methods, obtained from Table 5.2, and used in
classifying data in the BCLME Cumulative Impacts GIS Database by recovery
status since mining.

Partially

Method Impacted Recovering Recovered Recovered
Shore-Based Divers 0 1 2 >2
Boat-Based Divers 0 1 2-3 >3
Midwater Remote 0-1 2-3 4-5 >5
Deepwater Remote 0-2 3-5 6-15 >15

The period of recovery after cessation of mining was calculated for each record in the
database up until 2006, and used to then classify all mined points or areas into the four
recovery states in the table above, specifically for each sector. These recovery
classifications were used to colour code all mined areas shown in the example maps in
Appendix D, and are used to classify annual estimates of areas mined in the analyses
presented below for each of the main company data sets provided.

5.2.2.1 Namdeb Shore and Boat-Based Diver Mining: 1990 - 2005

Namdeb provided 1,648 data records for shore-based and 1,411 records for boat-
based diver mining, covering diver-mining conducted by over the period 1990 to 2005
(see Appendix C and the BCLME Cumulative Impacts Database). These data are
included in the example Map 2 (Appendix D) overview of Namibian mining-position
data. In addition to dive position, these data included total volume of classified gravel
produced from each site. Figure 5.11 shows the total amount of gravel produced per
year by these diving operations. Although the actual surface area worked has not been
recorded, the amount of gravel produced is a fairly good indicator of effort expended on
each dive position, with some dive positions being dived repeatedly over a period of 2
to 3 years to recover gravels located there, and other sites being abandoned after a
few dives due to difficult diving conditions, or low gravel volumes or diamond grades.

In total, 3,059 dive sites were worked by Namdeb diving subcontractors over that 16-
year period, delivering a total of 24,402 tons of classified gravel, on average about
1,525 tons/year. Most effort was expended over the period 1990 - 1997, increasing
steadily from 1991 - 1997, at a time when diamond prices were increasing as a result
of exchange rate rises against the US$ (see Chapter 1: Introduction). There was then
a virtual cessation of diver mining in 1998, with diving effort increasing again from 2000
onwards. Using the recovery rates for boat-based diving from Table 5.3 above, and
calculating recovery to 2006, all sites mined prior to 2003 are considered to have
recovered, amounting to 90% of the sites dived over the period. All earlier dived areas
not included in the data provided would also have recovered.
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Figure 5.11 Total weight of gravel produced per year by shore-based and boat-based diver
mining subcontractors working for Namdeb over the period 1990 - 2005, shaded
by recovery status in 2006 (25 years - 1981, 0 years - 2006).

5.2.2.2 Samicor Boat-Based Diver Mining: 1994 - 2005

The only other currently active large company that has conducted significant diver-
mining along the Namibian coast is Samicor. The various Namibian Island
concessions were held and operated for many years by Ocean Diamond Mining
Holdings Ltd (ODM). Samicor took over these Namibian Island concessions from
NAMCO, which acquired control of these concessions in 1999 (see Chapter 4: Mining
Methods). Data were available from Samicor only for the period 1994 - 2005, covering
part of the period when these concessions were operated by ODM and NAMCO, and
recent operations by Samicor. Figure 5.12 shows the total number of sites or areas
dived per year by Samicor boat-based diving subcontractors working in the Albatross,
Bakers Bay, Halifax, Long, Pomona, Possession, Seal and Penguin Island concessions.
These data are also included in the example Map 2 (Appendix D), which provides an
overview of Namibian mining position data.

Of the total 596 dives conducted over this period, 483 (81%) were conducted in the
Possessions Island concession, with effort being concentrated over the 1995 - 1999
period by ODM/NAMCO. The complete cessation of diver mining over the period 2001
- 2003 may have been caused by the reduction in diamond prices in 2001 resulting
from exchange rate declines, but resulted mainly from cessation of operations while
business arrangements were being revised after the liquidation of ODM in 2001 and
insolvency of NAMCO in 2002 (see Chapter 4. Mining Methods). Very limited diving
operations by Samicor commenced again in the Possession Island concession in 2004.
Of the 596 areas dived, 93% (all dives prior to 2003) are considered to have recovered
using the recovery rates for boat-based diving from Table 5.3, and calculating recovery
to 2006.
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Figure 5.12 Total number of sites/areas dived per year by Samicor boat-based diver
subcontractors over the period 1990 - 2005, shaded by recovery status in 2006
(25 years - 1981, 0 years - 2006).

5.2.2.3 Transhex Shore & Boat Diver Mining: 1986 - 2005

The largest and longest-participating company involved in shore- and boat-based diver-
mining along the South African west coast is Trans Hex Operations (Pty) Ltd.
Transhex provided data for 4,384 shore-based dive sites and 12,216 boat-based dive
sites, covering the period 1986 - 2005. These data are included in the example Map 4,
which provides an overview of South Africa mining position data. (see Appendix C and
the BCLME Cumulative Impacts Database), and cover all diving operations over that
period in the 1la, 12a, 13a, 2b, 3b, 5a, 5b, 6a, 7a, Bethel, Brazil, De Punt,
Hollebakstrand, Hondeklip Bay, Papendorp, Plaas 423, Strykloof and Weskus
nearshore, surf-zone and admiralty strip concessions. Figure 5.13 shows the annual
number of sites/areas dived over the period 1986 - 2005, shaded by recovery status.

Transhex has operated fairly consistently over this period, diving a total of 16,600 sites
over the period, although many of these would be sites worked repeatedly by different
contractors in different years. There was a gradual decline in operations from 1989 -
1997, and reduced effort of about 600 dive sites per year over the period 1998 - 2000.
The number of areas dived per year more than doubled in 2001, with a substantial
resurgence in reported effort by both shore- and boat-based divers. Diving effort has
slowly declined again to less than 1,000 sites dived in 2005. Using the recovery rates
for boat-based divers from Table 5.3, 81% of the sites dived (all sites dived prior to
2003) are considered to have recovered.
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Figure 5.13 Total number of sites/areas dived per year by Transhex boat-based diver
subcontractors over the period 1986 - 2005, shaded by recovery status in 2006
(25 years - 1981, 0 years - 2006).

5.2.2.4 Namagroen Diver Mining & Remote Sampling: 1984 - 2006

Namagroen has been a relatively small participant in the South African nearshore diver
mining operations, although with a long history of involvement. At the time of gathering
data for the BCLME Cumulative Impacts Database, contracted mining geologists were
conducting evaluations of alternate mining and gravel processing methods, and were
able to provide best estimates of mining depths and gravel screening ratios for various
methods, areas and time periods in the data. Namagroen has also kept records of the
total volume of screened gravel delivered for processing from each dive site. Using the
estimated screening ratios and mining depths, it was possible to estimate the total
volume of sediment pumped, and the estimated area of seabed mined, necessary to
deliver those volumes of gravel from each site. Figure 5.14 shows the resultant annual
estimates of total area mined or sampled by Namagroen subcontractors between 1984
and 2005.

Namagroen mining effort has fluctuated substantially over the period as subcontractors
gained or lost interest in working the 8a and 9a concessions held by Namagroen. In
the data provided, 413 diver-mined areas (1984 - 2005) and 13 remote sampled areas
(2006) were reported, from which 1,679 m® of screened gravel were delivered. An
estimated conversion factor for total pumped volume of sediment from screened
volume of 5, and an average mining depth of 0.75 m, were used to yield estimates of
total sediment pumped of 8,399 m?, and total area mined of 11,184 m?, or 0.15% of the
Namagroen 8a and 9a concession areas. Of this estimated total mined area, 87%
would be considered to have recovered using the recovery rates in Table 5.3 for boat-
based divers, and estimating recovery to 2006. Although screened proportion ratios
and mining depths are variable, these estimates show how such factors may provide a
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useful way of obtaining reasonable estimates of surface area impacted by diver-mining
operations, where the actual areas mined were not recorded.
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Figure 5.14 Total area dived or remote sampled per year by Namagroen shore-based
divers, boat-based divers and remote prospecting subcontractors over the period
1984 - 2006, shaded by recovery status in 2006 (25 years - 1981, 0 years - 2006).

5.2.2.5 Alexkor Diving Concessions & Gravel Production: 1999 - 2006

The Alexander Bay Development Corporation has operated in the northern
Namaqualand coast since 1989, after the Namaqualand alluvial diggings previously
owned and operated directly by the state were issued to the state-run company Alexkor
Ltd. Alexkor have not kept records of the actual sites mined by their shore-based and
boat-based subcontractors. However, since about 1999 they have kept geospatial data
on the locations and areas of the sub-concessions issued to shore-based and boat-
based diving subcontractors, as well as production data on the total amount of
screened gravel (number of bags) produced in each 100 x 100 m (1 ha) grid block
across their concession areas.

Alexkor provided geospatial data records for 151 active (2006) and 2,035 historic
(relinquished) shore-based diver contractor concessions, and 185 active and 2,271
historic boat-based diver concessions (see Appendix C, and the BCLME Cumulative
Impacts Database). A further 12 records were provided for a small amount of historic
mid-depth remote mining in 2003/2004. Data were also provided for the 2,396 one
hectare (100 x 100 m) blocks producing gravel over that period. The positions of these
concessions and gravel blocks are shown on example Map 7 (Appendix D). Over the
period for which data was provided, Alexkor held the 1a, 1b, 2a, 2b, 3a, 3b, 4a and 4b
concession areas, immediately south of the Orange River mouth. Shore-diving
subcontractors operating in the ‘a’- concessions, and boat-based divers in the ‘a’ and
‘b’-concessions, were allocated specific individual sub-concession areas of 30 m radius
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(~707 m®) centred on a specific point, which were held until relinquished. Some of the
deeper, remote mining concessions were larger, either 100 m or 200 m radius.

Table 5.4 shows the surface area of each of the Alexkor concessions, as well as the
number of one hectare grid blocks producing gravel, the percentage of each
concession area that productive blocks occupied, the total number of hours dived and
the total number of bags of gravel produced in each concession. Alexkor reported a
total of 71,625 hours dived over the period, producing almost 1.6 million bags of gravel.
Of the total 67,648 ha occupied by the Alexkor concessions, only 2,394 blocks (3.5% of
the area) produced gravel. About one quarter of concession areas la (immediately
south of the Orange River and Alexander Bay) and 3a (around Port Nolloth) produced
gravel, with 60% of diving effort and 54% of gravel production in concession 1la, and
29% of diving effort and 36% of gravel production in concession 3a.

Table 5.4 Overall summary of the number of 1 ha blocks and percentage of total area
producing gravel, total number of hours dived and total number of bags of
screened gravel produced in each of the Alexkor concession areas over the period

1999 - 2006.

Concession Concession No. of _Blocks % of Ar_ea H(_)urs Gravel

Area (Ha) Producing (Ha) Producing Dived (bags)
la 3,790 908 24.0% 43,289 845,281
2a 3,666 178 4.9% 4,395 70,873
3a 3,585 959 26.7% 20,751 566,337
4a 3,644 171 4.7% 1,368 35,331
1b 16,788 93 0.6% 1,162 19,589
2b 14,694 2 0.0% 9 92
3b 11,988 75 0.6% 610 19,284
4b 9,493 8 0.1% 41 2,822
Totals 67,648 2,394 3.5% 71,625 1,559,609

About 5% of the other ‘a’- concessions (2a and 4a) produced gravel, with gravel
producing areas typically occupying less than 1% of the ‘b’-concessions. Overall, the
‘b’-concessions (1,000 m - 5,000 m below the high water mark, see Chapter 4: Mining
Methods), produced < 3% of the total gravel production, with effort again being focused
in 1b and 3b, as a result of the proximity of the Alexander Bay and Port Nolloth
harbours. Diving contractors are only interested in working those areas likely to
produce gravel, and relatively small proportions of the total concession areas are
worked as active concessions each year. Figure 5.15 shows the total surface area of
concession areas active (in 2006) or just relinquished (in 2000 - 2005) per year. The
total area of all these concessions over the period was about 1,011 ha, or 3.2% of the
total combined Alexkor concession area of 31,472 ha. The area covered by active
concessions in 2006 was 220.5 ha (0.7% of the total area). Ignoring the years 2000 -
2002 (when data are clearly incomplete), the area covered by active concessions has
typically covered ~1% of the total area per year.

Even within the issued sub-concession areas, there is a wide range in the diving effort
expended, and area mined, ranging from concessions which essentially remain un-
mined, to those which are heavily re-mined every year. As a result of the highly patchy
distribution of diamonds, productivity of many areas is low, and diving effort accordingly
minimal. In contrast, diving effort is heavy and repetitive in known productive areas.

Final Report: Project BEHP/CEA/03/02 Page 251



CLME Assessment of Cumulative Effects of Marine
Diamond Mining on the Benguela Region

Benguela Current rogramme

Table 5.5 shows the distribution of the total number of 1 ha blocks producing increasing
ranges of gravel over the period covered by the data, together with the total hours
dived, diving effort per block, total bags of gravel produced and number of gravel bags
per block, in the various gravel production ranges. The summarised number of blocks
producing gravel, and hours dived per block within each gravel production range, are
also shown in Figure 5.16.

Table 5.5 Summary of the total number and percentage of 1 ha blocks producing increasing
bags of gravel, the total number of hours dived, the average number of hours
dived per block, the total number of bags of gravel produced and the bags of
gravel produced per block in each of the ranges of bags of gravel produced.

Gravel Bags No. of Total Hours Hours Gravel Gravel/Block
Range Blocks Dived Dived/Block (bags) (bags)
0-500 1,663 14,520 8.7 277,807 167

501 - 1,000 315 10,047 31.9 222,175 705

1,001 -2,500 280 19,576 69.9 429,812 1,535

2,501 - 5,000 99 15,325 154.8 344,774 3,483

5,001- 10,000 31 8,371 270.0 199,279 6,428

10,001 - 20,000 6 3,786 631.0 85,762 14,294
Total 2,394 71,625 29.9 1,559,609 651

Of the blocks actually producing gravel (which only constitute 3.5% of the total
concession areas, see Table 5.5), 69% of the blocks produced less than 500 bags of
gravel over the period, averaging 167 bags per block, with only an average 8.7 hours
being dived on per block. 94% of the blocks only produced an average of 412 bags of
gravel per block, from an average 20 hours dived per block, or <1 day per year over
the 2003 - 2006 period.

The remaining 6% of blocks (136 ha, or 0.4% of the total concession areas) produced
an average 4,631 bags of gravel per block, from 202 hours dived per block over the
period. So, even in this most heavily dived of all shore concession areas in the
Benguela region, 82% of total production comes from only 31% of the productive area,
which amounts to only 2.3% of the total concession area.
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Figure 5.15 Total surface area (ha) of historic (pre-2006) and active (2006) subcontractor
concessions issued per year to Alexkor subcontractors across all Alexkor
concessions over the period 1999 - 2006, shaded by recovery status (years since
concession relinquished) in 2006 (25 years - 1981, 0 years - 2006).
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Figure 5.16 Total number of 1 ha blocks producing gravel, and total hours dived per block,
in Alexkor concession areas over the period 1999 - 2006, ranked by increasing
ranges of number of bags of gravel produced.
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5.2.2.6 Transhex Namibian Mid-Depth Remote Sampling & Mining: 2001 - 2005

Transhex provided data for 100 Namibian seabed areas mined under contract to De
Beers Marine Namibia, Diamond Fields International and Samicor over the period 2001
- 2005 (see Appendix C, and the BCLME Cumulative Impacts Database). These areas
were mined using mid-depth remote mining airlift/trenching tools from the vessels Ilvan
Prinsep and Namakwa in Namibian concession areas 1607A, ML36A, ML36D, ML36E,
ML43, ML44 and ML45. The data were provided as geospatial polygons of actual
cumulative mined areas, which can be accurately mapped, and from which accurate
measures of impacted seabed area can be calculated. Figure 5.17 shows the total
area of seabed mined annually by Transhex in these concessions, shaded by the
estimated recovery rates for mid-depth remote mining from Table 5.3.

Over the 2001 - 2005 period, Transhex mined a total of 30.7 ha on behalf of the
Namibian concession holders, with mining effort increasing steadily from 2.5 ha in 2001
to 8.2 ha in 2005 (data for 2006 are incomplete). The total area mined over this period
amounts to 0.017% of the total estimated surface area of 185,386 ha of these
concession areas.

Recovery of mid-depth remote mining is slower than nearshore diver mining, with full
recovery estimated to occur only after about 5 years. By 2006, none of these mined
areas would be expected to have recovered, with 20% of the area partially recovered.
The areas mined in 2001 would be considered to have recovered in 2007.
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Figure 5.17 Total surface area (ha) of Namibian areas mined by Transhex under contract to

Namibian concession holders over the period 2001 - 2005, shaded by recovery
status for mid-depth remote mining in 2006 (25 years - 1981, 0 years - 2006).
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5.2.2.7 Samicor Mid-Depth Remote Sampling & Mining: 1995 - 2005

In addition to diver-mining, Samicor conducted remote tool mining in their Island
Concessions, and provided data covering their own mining, plus historic data for earlier
ODM and NAMCO operations, for the period 1995 - 2005. Samicor provided 4,396
records for mid-depth remote sampling, and a further 39 records for mid-depth mining,
using airlift tools and decadrills off a range of vessels, including the Sakawe Explorer,
Ivan Prinsep, Oceandia and Zacharius. The mining data were provided as actual
mined area polygons, whereas the prospecting/sampling data were provided as point
positions. However, even the point position data were provided with estimates of the
impact area of each of the sampling tools used, allowing the total impacted area to be
estimated for these two datasets combined. Figure 5.18 shows the resultant estimates
of total area mined or sampled per year from 1995 - 2005.

As is seen in the Samicor diver-mining data, there was a period of moderate
prospecting and sampling over the 1995 - 2000 NAMCO period in the ML36B, ML36C,
ML36D, ML36E and ML36F concessions. This was followed by a virtual cessation of
activity with the demise of NAMCO in 2002. Sampling operations started again under
direct Samicor control in 2004, moving into the 1607A, EPL1950, EPL2027A and
ML36A concession, with the highest sampling rate in the data being in 2005, when
some 71 ha were sampled in EPL1950, EPL2027A and ML36E concessions. The total
area mined or sampled over the 1995 - 2005 period in the data provided was 267.8 ha,
which amounts to 0.23% of the Island Concessions concerned. Using the estimated
recovery rates for mid-depth remote mining in Table 5.3, and calculating recovery to
2006, about half of the mined/sampled area would be considered to have recovered by

2006.
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Figure 5.18 Total surface area (ha) of Namibian areas remote sampled or mined by Samicor
over the period 1995 - 2005, shaded by recovery status for mid-depth remote
mining in 2006 (25 years - 1981, 0 years - 2006).
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5.2.2.8 Transhex Mid-Depth Remote Sampling & Mining: 1997 - 2005

Transhex also provided data on their South African middle-depths sampling and mining
operations between 1997 and 2005. Transhex provided 22 records for sampling using
airlift trenching tools off the vessel lvan Prinsep over 2001 - 2004, and 32 mining data
records using airlift trenching tools off the vessels Namakwa and Moonstar over 1995 -
2005. These data were provided as accurately mapped geospatial polygons of seabed
areas sampled or mined. Figure 5.19 shows the total seabed area sampled or mined
per year over the period 1997 - 2005, and the positions of these areas are included in
the example Map 4 overview of South African mining positions (Appendix D).

As with virtually all the prospecting, sampling and mining data sets shown above, the
data provided show two distinct periods of activity. An earlier period of mining from
1997 - 2000, followed by a more recent, but declining, period of sampling from 2002
onwards.

Over the period concerned, Transhex mined or sampled a total of 21.6 ha in the 2b, 3b,
5b, 6b, 11b, 12a, 13a and 13b. This area mined amounted to 0.03% of the total area of
those concessions. Using the estimated recovery rates for mid-depth remote mining in
Table 5.3, and estimating recovery to 2006, 69% of the mined/sampled areas would be
considered to be recovered by 2006.

Transhex Mid-Depth Remote Sampling & Mining: 1997-2005
74 Total concessions area mined = 21.6 Ha
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Figure 5.19 Total surface area (ha) of South African areas remote sampled or mined by

Transhex over the period 1997 - 2005, shaded by recovery status for mid-depth
remote mining in 2006 (25 years - 1981, 0 years - 2006).
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5.2.2.9 De Beers Marine Namibia Deepwater Remote Mining: 1981 - 2006

Analyses of three data sets for remote-told mining in the deepwater (50 m - 150 m)
depth range are provided here. The first of these is based on data for the longest
running, most intensive, largest deepwater mining operation in the entire Benguela
Region. Deepwater mining first started on the rich diamond deposits immediately north
of the Orange River mouth, in Namdeb’s mining licence concession area ML47, or
‘Atlantic 1. Namdeb and De Beers Marine Namibia (DBMN) provided comprehensive
geospatial data for all prospecting and mining operations in this area, comprising
11,669 data records for mining over the period 1981 - 2006, and a further 13 records
for the recent trial suction hopper-dredger mining conducted in 2006. Figure 5.20
shows the total annual seabed area mined over 1981 - 2006, and Map 3 (Appendix D)
shows the actual geographic distributions of these mined areas in Atlantic 1.

This long, complete and consistent time series of mining data provides a clear
illustration of how the total area mined per year in this concession has increased as the
mining rates of remote mining tools have improved. Initial areas prospected or
sampled in the late 1980s were only 1-3 hal/year. This increased to 24 ha in 1990
when actual mining started with airlift-trenching tools, and then increased steadily to
around 300 ha/year with the implementation of large diameter decadrills in 1999 - 2002,
reaching almost 500 ha per year in recent years, with the development of high rate
mining seabed crawlers and, most recently, trial use of dredgers. The seabed area
mined over this 25 year period totals 3,850 ha. However, even in this, the most
intensely mined deepwater area in the Benguela region, this amounts to only 0.63% of
the total ML47 concession area (see inset pie chart in Figure 5.20).

De Beers Marine Namibia Deepwater Mining: 1981 - 2006
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Figure 5.20 Total surface area (ha) of Namibian ML47 (Atlantic 1) deepwater area mined by
Namdeb and De Beers Marine Namibia over the period 1981 - 2006, shaded by
recovery status for mid-depth remote mining in 2006 (25 years - 1981, 0 years -
2006).
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Given the long estimated recovery times for deepwater mining (see Table 5.3), only
0.2% of the area (mined before 1990) would be considered to be recovered, with a
further 42% partially recovered, and 23% recovering. Importantly, though, once actual
mining (as opposed to prospecting or sampling) commences, these deepwater areas
are mined to exhaustion, and no re-mining occurs. Recovery is therefore an
uninterrupted and ongoing process.

5.2.2.10 Samicor Deepwater Remote Sampling: 1993 - 2006

Samicor (and their predecessor, NAMCO), have also conducted a substantial amount
of sampling in a number of Namibian concessions. Samicor provided 12,284 data
records for deepwater remote sampling using airlift or trenching tools and decadrills
over the period 1993 - 2006 (See Appendix C, and the BCLME Cumulative Impacts
Database). As with their mid-depth sampling data, these data were provided as point
positions, but with estimates of the area sampled by the specific remote tool used at
each position, allowing total areas of sampled seabed to be estimated. Figure 5.21
shows the total estimated area sampled per year, shaded by recovery status in 2006.

Again, these data show two periods of sampling activity, substantial but declining
sampling under NAMCO over 1994 - 1999, and then an increase again over 2004/2005
after Samicor took over operation of these concessions. The total area sampled over
this entire period amounts to 8.8 ha, or 0.003% of the total area of the EPL1950,
EPL2027B, EPL2027C, ML103, ML36C, ML36D, ML36E, ML36F and ML51
concession areas concerned.
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Figure 5.21 Total surface area (ha) of Namibian deepwater concession areas sampled by

Samicor over the period 1993 - 2006, shaded by recovery status for mid-depth
remote mining in 2006 (25 years - 1981, 0 years - 2006).
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Given the long recovery times estimated for deepwater remote mining, none of these
areas would be considered to have recovered by 2006, although 66% of the total area
sampled would be considered to have ‘partially recovered'.

5.2.2.11 De Beers Marine Deepwater Remote Sampling: 1983 - 2005

De Beers Marine (South Africa) (DBM) have had as long an involvement in deepwater
diamond exploration activities south of the Orange River as Namdeb/De Beers Marine
Namibia have had north of the mouth. DBM provided 1,476 records for decadrill
prospecting and 68,214 data records of megadrill prospecting over 1983 - 2005. These
data provide point positions for sampling sites, but include accurate estimates of the
area sampled by each sampling tool at each site, allowing total seabed area sampled
to be estimated from the data. In addition, DBM provided 181 geospatial polygons of
accurately mapped seabed areas bulk sampled using decadrills over 1992 - 2003.
Figure 5.22 shows the cumulative total annual seabed area sampled over this period
from all these datasets. The actual geographic positions of these sample sites are
shown in example Maps 4 and 8 in Appendix D.
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Figure 5.22 Total surface area (ha) of the South African De Beers Marine ML3 concession
area sampled by De Beers Marine over the period 1983 - 2006, shaded by
recovery status for mid-depth remote mining in 2006 (25 years - 1981, 0 years -
2006).

The total seabed area prospected, sampled or bulk-sampled by DBM over this period
was 44.2 ha, which amounts to 0.005% of the DBM ML3/2003 concession area. This
ML3 area comprises slightly over half of the original 2c, 3c, 4c and 5c concessions,
DBM having relinquished the offshore portions when the ML3/2003 mining licence was
issued. Of this total sampled area, 26% would be considered to be recovered by 2006
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using the recovery rates for deepwater remote mining in Table 5.3, and this includes all
the initial exploratory megadrill and decadrill sampling conducted over 1983 - 1990.
The recovered status of these prospecting holes is also shown in example Map 4,
Appendix D. A further 57% of the more recent decadrill sampling and bulk sampling
conducted over 1991 - 2000 would be considered to be partially recovered, leaving
only the most recent bulk sampled areas (16% of the total sampled area) still impacted
or recovering, or less than 0.001% of the ML3 mining licence area.

5.2.3 Cumulative Impacts of Marine Mining: Perceptions vs. Reality

In their South African National Spatial Biodiversity Assessment report, Lombard et al.
(2004) specifically conclude that “South Africa urgently requires an MPA on the west
coast, to offset the problem that almost the entire region has been allocated to mining
concessions”. The need for a suitably large and representative marine protected area
to protect southern African west coast ecosystems and biodiversity is not disputed.
Recognition of a similar need in Namibia has resulted in the proposal for just such a
large MPA on the southern Namibian coast (see Chapter 3: Ecosystems &
Environmental Processes). However, the reason provided in the conclusion quoted
above is unjustified and misleading, and simply serves to reinforce incorrect past
perceptions that, because provision has been made for mineral exploration
concessions to be potentially issued along this area, that the entire South African west
coast is actually impacted by marine mining activities.

The reason for this false perception can perhaps be understood by referring to the map
of potential marine mining concession areas shown in example Map 1 (Appendix D)
from the BCLME Cumulative Impacts Database. The appearance on a map of all of
the potential marine mining concessions areas, stretching along the entire Namibian
and South African west coasts, from the Kunene River in the north to Saldanha Bay in
the South and, off South Africa, out to the 500 m depth contour, gives the false
impression that this entire shelf has been impacted, or at least is going to be impacted,
by marine prospecting or mining in some way. Proponents of this false impression
have further misinterpreted information provided in recent years on distribution of
mining and prospecting positions. Specifically relevant examples in the South African
context are example Map 7 showing the distribution of Alexkor diver-mining
concessions issued south of the Orange River since 1999, and example Map 4,
showing the distribution of all known South African prospecting, sampling or mining
positions between the Orange River and Hondeklip Bay.

These two maps show, respectively, the most heavily diver-mined and the most heavily
prospected or sampled deepwater areas on the South African West Coast. Visual
reference to such maps without querying the underlying data does, perhaps
understandably, create the impression that the entire area covered by the mining
position indicators has been heavily impacted. At best, this is a naive mis-
interpretation of the fact that depiction of positions at such large map scales greatly
exaggerates the underlying mined area represented by the point position indicators.
More importantly, this ignores the fact that indication of the presence of some activity at
some point is not an indicator of the actual magnitude of the impact of that activity.

Analysis of the data underling the Alexkor diver mining positions is given in sub-section
5.3.2.5 above. Less than 1% of the total Alexkor ‘a’ and ‘b’ concession areas along this
coast are issued as annual diver-mining concessions, and most of these remain largely
unmined each year, to be relinquished, and re-issued to hopeful sub-contractors, with

Final Report: Project BEHP/CEA/03/02 Page 260



BCLME Assessment of Cumulative Effects of Marine
Diamond Mining on the Benguela Region

Benguela Current Large Marine Ecosystem Programme

little mining having taken place. The areas actually producing gravel only constitute
3.5% of the total concession areas, when expressed as 1 ha grid blocks, and only
small areas of even the productive grid blocks would actually be worked. 94% of the
gravel producing grid blocks are dived for less than one day per year, leaving only
0.4% of the overall concession area being repetitively dived, producing highest gravel
production rates, and being most heavily impacted.

Lombard et al. (2004) go on to conclude further that “shallow/on-shore mining
operations cause the greatest environmental problems. There is repeated mining of
the same site and no recovery period is allowed (the recovery period is about 3-8
years)”. This conclusion is also misleading, not least because they quote a
substantially incorrect recovery period for what is presumably meant to refer to diver-
mining. Intertidal and shallow subtidal areas have been found to recover rapidly, and
recovery periods for inter-tidal and shallow sub-tidal diver mining are estimated to be
maximally about 2 years (see Table 5.3), with significant signs of recovery (of beaches,
rocky intertidal areas and kelp beds) evident within six months. More importantly, the
specific implication by Lombard et al. (2004) is that all mining operations cause
substantial impact, in all diver-mined areas, and that all areas are repetitively mined
within periods too short to allow significant recovery. This does occur, but only in a few,
selected, prime, target diver-mining areas. Anecdotal information from divers operating
in certain particularly diamond-rich bays in the Alexander Bay area have reported
changes in benthic community structure as a result of continual kelp cutting, rock
removal and sediment pumping in these areas. However, even in this most heavily
dived coastal area, a very small proportion (< 1%) of the area is repetitively dived.

The problem of depicting small mining positions at large map scales is illustrated even
more strikingly in Map 4, showing the distribution of point positions of all data on South
African prospecting and mining activities off the northwest coast. In particular, the
distribution of prospecting and sampling positions by De Beers Marine in their
deepwater ‘c’- concessions beyond the 100 m depth contour is again misinterpreted as
indicating substantial mining impacts across this entire shelf region. The points on
Map 4 are specifically shown large enough to be colour-shaded by recovery status.
However, they depict very small underlying prospecting or sampling sites, which would
be invisible at this map scale if plotted to scale. Most of the De Beers Marine
deepwater prospecting positions shown on Map 4 relate to megadrill samples, where
the drill hole (including provision for slumping and coning of the hole after drilling) is
only 1.65 m diameter. Some idea of what the actual drill holes should look like can be
obtained by comparing Map 4 to Map 8 (Appendix D), which specifically shows the De
Beers Marine sampling data plotted as actual hole sizes, although still exaggerated by
pen size. It is necessary to refer to the actual BCLME Cumulative Impacts GIS
Database to see these holes at their actual scale.

Previous failure to appreciate the recovery which occurs, even at these depths,
contributes further to these false perceptions of impact. Not only have De Beers
Marine sampling activities impacted less than 0.005% of their ML3 mining licence area,
but 80% of the sampled areas are estimated to have fully or partially recovered. The
recovery rates used in this estimation relate to intensive, large-scale drill-ship or
seabed-crawling deepwater mining, and so are highly conservative if applied to small-
scale prospecting and sampling operations. There is therefore virtually no doubt that
these sites, sampled more than ten years ago, have fully recovered. Like in the
Namibian Atlantic 1 area, these early prospecting activities have found that only a small
proportion of the ML3 area contains adequate potential diamond resources to be of any
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interest to further mining activities. Future mining activities would therefore focus only
on those small areas

The reality is rather different from the perceptions described above. This is best
illustrated by example Map 3 (Appendix D), showing the distribution of actual areas
mined by Namdeb and De Beers Marine Namibia in the ML47 (Atlantic 1) Namibian
mining licence area. This is the most heavily mined area in the entire Benguela region,
with prospecting data going back to 1981, and active mining occurring, and increasing
steadily, since 1990 (see Figure 5.20 in sub-section 5.3.2.9 above). Even in this most
heavily mined deepwater area, only 0.63% of the Atlantic 1 area had been mined over
the 1981 - 2006 period covered by the data summarised in Figure 5.20. Since these
analyses were undertaken, De Beers Marine Namibia has updated (November 2007)
the estimate of total area mined to 4,444 ha, including the trial suction hopper dredger
mining conducted in 2006/07. This now amounts to 0.73% of the total concession area
(CSIR, in prep). Itis clear from Map 3 that mining has concentrated very specifically in
certain areas, on certain seabed features, with substantial areas between these
remaining entirely untouched.

Although Namdeb do have the right to exploit the mineral resources of the entire
6,098 km? of ML47, only a small proportion of the Atlantic 1 area (~25%) is of particular
commercial interest, and has been designated as the area of focus of mining efforts.
The current mineable resource is located close to the Orange River Mouth in
approximately 40 m - 140 m depth. However, due to the thickness of the mudbelt of
the Orange River pro-delta (up to 18 m thick in places), large portions of the area of the
inferred resource within this depth range of interest cannot be mined using current
technologies. The H,S gas-filled acoustic blanking layer within this mudbelt has also
defeated efforts to acoustically map gravel resources below these muds.
Consequently, the potential resource of the mudbelt area has not as yet been fully
investigated, and mining of this mud belt area is not currently feasible (CSIR, in prep).

5.3 Conclusions: Overall Scale of Cumulative Impacts

Some of the more important conclusions which can therefore be drawn from the
analyses presented in this Chapter on cumulative impacts of marine mining are:

» Most of the concession areas potentially provided for by the Namibian and South
African governments are of little interest to marine diamond mining. As a result of
the depositional history of diamonds at periods of historically lower sea level,
marine diamonds have been found to extend out to perhaps only 120 - 140 m
depth. The South African ‘d’-concessions, and Namibian outer shelf concession
areas, are of no interest to diamond mining.

» Diamond grades, at least in the central Benguela region, decrease rapidly with
increasing distance from the Orange River mouth. There is therefore also
decreasing interest in diamond mining with increasing distance from the Orange
River. Diamond prospecting and mining activities have closely reflected this
declining trend in interest, with mining activities and impacts decreasing rapidly
more than a few hundred kilometres north and south of the river.

> Even within areas of known diamond occurrence, the distribution of diamonds is
highly patchy, aggregated, and concentrated by historic seabed and palaeo-
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coastline features. Diamond exploration and prospecting is focused on locating
gravel aggregations dense enough for commercially viable exploration. While
initial prospecting may be wide-ranging, subsequent mining is always closely
focused on the areas found to contain viable diamond aggregations.

» The areas found to contain adequate diamond gravel grades worth exploiting, and
which are also accessible to current mining methods, constitute very small
proportions of even the concession areas of most interest, closer to the Orange
River. Typically only a few percent of even the productive concession areas are
found to contain adequate diamond resources to be worth exploiting.

» Even with the latest high-mining-rate methods, exploitation rates of these suitable
diamond gravel resources are low. In all the datasets provided in the BCLME
Cumulative Impacts database, and analysed in this Chapter, total cumulative
impact over the entire period covered by the provided data has been (often
substantially) less than 1% of the concession areas concerned. Annual mining
activities certainly impact substantially less than 1% of each concession area per
year, even in the most heavily mined areas.

» Natural recovery does occur, even at the depths of the deepest marine diamond
mining activities. Recovery rates are most rapid in the beach, intertidal and
shallow-subtidal areas referred to as being of ‘most concern’, with recovery of
these areas occurring in under two years after cessation of mining. There are
therefore direct correlations between recovery rate, and degree of re-mining, with
recovery being rapid in the nearshore areas, which are subject to re-mining, and
slower (10 - 15 years) in deepwater areas, which are not subject to re-mining.

» The primary, direct impacts of all marine mining activities relate to excavation,
removal, disturbance or re-deposition of sediments, with all other impacts (other
than some terrestrial impacts such as access track creation) resulting from these
sediment excavation processes. However, natural sediment transport processes
in the central Benguela are substantial and continual, and the mining-related
sediment impacts are comparatively small in relation to these natural processes,
particularly in shallow waters.

» One of the main concerns expressed in the past with regard to marine diamond
mining is the potential negative impact on fisheries resources. It is clear that, over
the history of all the fisheries in the Benguela region, the main impact on fish
resources has been unsustainable fishing effort by the fisheries themselves. Of
next importance, natural environmental processes in the Benguela region clearly
have significant impacts on fisheries resources, particularly in recent years, with
stocks already depressed by over-fishing. Every indication is that, in comparison
with these other factors, the impact of marine mining activities on fisheries
resources has been insignificant.

In southern Africa, environmental impact assessments over the past decade, and the
resultant monitoring and management measures, have been strongly driven by
concerns raised during public scoping meetings. Many of those concerns have been
based on the false impressions described above, and stakeholders have persistently
clung to beliefs, despite increasing evidence that many of their concerns are unfounded.
This has resulted in repeated expenditure of effort and financial resources on
monitoring and re-evaluating insignificant issues, to the detriment of the need to
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improve monitoring and effective management of other, often more complex and
environmentally inter-related, issues.

It is important that future monitoring, research, management, mitigation and
rehabilitation activities should not be distracted by ongoing unsubstantiated allegations,
false perceptions or incorrect conclusions regarding the relative impacts of marine
mining in relation to other dynamic processes in the Benguela region. The limited
manpower and financial resources available to address these issues in the southern
African region need to remain carefully focused on those specific geographic areas and
aspects of marine mining activities which are most likely to be having significant effects
on the Benguela region coastal and marine ecosystems.
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