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GLOSSARY 
 
Agriculture: The science, art, or occupation concerned with cultivating land, raising crops, and 
feeding, breeding, and raising livestock; farming. 
 
Conservation: The protection of plants, animals and their habitats.  
Habitat conservation is a land management practice that seeks to conserve, protect and restore, 
habitat areas for wild plants and animals, especially conservation reliant species, and prevent their 
extinction, fragmentation or reduction in range. 
 
Ecological Succession: refers to more or less predictable and orderly changes in the composition 
or structure of an ecological community. Succession may be initiated either by formation of new, 
unoccupied habitat (e.g., a lava flow or a severe landslide) or by some form 
of disturbance (e.g. fire, severe wind throw, logging) of an existing community. Succession that 
begins in areas where no soil is initially present is called primary succession, whereas succession 
that begins in areas where soil is already present is called secondary succession. 
 
Ecology: Ecology is concerned with the web or network of relations among organisms at different 
scales of organization. 
 
Environmental Control Officer: A suitably qualified person contracted by the developer tasked 
with monitoring the environmental performance and compliance of Contractors involved in the 
construction of the development. The ECO’s duties shall include inter alia: 

 Monitoring all activities relating to the project, on a monthly basis (or as agreed), for 
compliance with the provisions of environmental legislation and recommendations of the 
rehabilitation plan; 

 Conducting environmental performance audits in respect of the activities undertaken 
relating to the project. 

 
Habitat: An ecological or environmental area that is inhabited by a particular animal and plant 
species. It is the natural environment in which an organism lives, or the physical environment that 
surrounds (influences and is utilized by) a species population. 
 
Indigenous vegetation: Plants native to the locale in question. Species originating in a particular 
area are said to be indigenous plants for that area. 
 
Monitor: To monitor or monitoring generally means to be aware of the state of a system. The mine 
rehabilitation monitoring methodology is usually a standard and simple procedure that can be 
easily replicated over any vegetation community or rehabilitation area.  
 
Plant community (Biocoenosis): A group of organisms that live closely together and form a 
natural ecological unit. 
 
Sustainable development, which means developing in order to meet the needs of the present 
generation without compromising the ability of future generations to meet their own needs. 
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1. INTRODUCTION 
 
1.1 OBJECTIVES AND SCOPE  
 
Coastal & Environmental Services (CES) are undertaking the EIA for the Kamiesberg Project, the 
purpose of which is to exploit proven heavy mineral sand deposits. The proposed site is situated 
35 km to the southwest of the town of Garies in the Northern Cape Province of South Africa. 
 
The formulation of a rehabilitation strategy and plan for the Kamiesberg Project is an important 
component of the EIA and EMPr. This rehabilitation strategy report has been prepared based on 
various site visits, information obtained from the specialist reports prepared for  the EIA. As well as 
an expert driven workshop between the authors. It is intended to form the basic framework on 
which Zirco’s Mine Rehabilitation Plan and Closure Plan will be based. 
 
Heavy mineral sand deposits occur mainly in near-coastal environments, which can vary 
considerably in terms of physical parameters such as soil type and rainfall. Given the international 
focus on sustainable development, it is essential to have an internationally acceptable 
rehabilitation strategy that is sustainable in the long term. Consequently, the overall aim of this 
study will be to formulate a sound rehabilitation strategy for the Kamiesberg Project. 
 
This report is divided up into five sections. Section 2 provides the proposed rehabilitation goals, 
Section 3 provides the challenges and guidelines, Section 4 describes the recommended 
rehabilitation processes and Section 5 the monitoring and evaluation. 
 
1.2 DEFINING REHABILITATION 
 
As indicated in Figure 3.1, there is a continuum of options, possibilities and end-points along the 
path towards restoration. Thus restoration is a continuous process, and it may not always be 
possible to achieve this goal. These concepts are defined as follows: 
 

o Restoration: The return of a damaged ecosystem to its original state. 
o Rehabilitation: The return of a damaged ecosystem to its original state, taking into 

consideration that it is questionable if complete restoration will be achieved. 
o Revegetation: The process of establishing vegetation on the degraded 

environment. 
o Replacement: The process where vegetation is established on the degraded 

environment, but this vegetation differs from pre-mining vegetation. Such an option 
would most often result from post-mining conditions being incompatible with the 
original land-use. An example would be to plant economically or socially important 
crops instead of the original vegetation due to changed soil properties. 
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Figure 3.1: Diagrammatical Representation of the rehabilitation options from disturbance to 

full restoration (adapted from Bradshaw, 1983). 
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2. PROPOSED REHABILITATION GOALS, OBJECTIVES AND GUIDING 
PRINCIPLES 

 
2.1 INTRODUCTION 

 
Establishing vegetation and the full scale restoration on mined sites depends on a number of 
factors. These include the needs of any locally affected communities, financial constraints, and the 
impacts the mine will have on soil conditions and landform. However, of overarching importance 
for the Kamiesberg Project is the final use after mine closure, and the climatic constraints of the 
study area. The rehabilitation of arid environments is difficult because of harsh arid conditions and 
problems associated with many species of plants been specifically adapted to the unusual soil 
conditions and low rainfall regime (Rao and Tarafdar, 1998).  
 
The most important goals in rehabilitation are to establish plant cover and species diversity, ideally 
with the same composition as pre-disturbance (Burke, 2003). Such objectives are not excessively 
demanding under suitable environmental conditions, and provided changes to the upper layers of 
the soil are not significant, the objective of re-establishing a diverse vegetation is accepted and 
applied in developed countries (Harris et al., 1996; Glenn et al., 2001; Mahood, 2003).  Restoration 
of degraded ecosystems has become a worldwide priority, and large amounts of money are 
invested in such projects (Hobbs, 2005).   
 
2.2 TOWARDS SUSTAINABLE LAND USE 
 
This strategy for rehabilitation toward sustainable land-use after mining can only be achieved by 
implementing an integrated approach which recognises the opportunities and constraints dictated 
by the physical, ecological and social environment. This approach is illustrated in Figure 2-1 
below.  
 

 
Figure 2-1: The integration of the physical, ecological and social environment in 

rehabilitation (Modified from Hattingh et al, 2003). 
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This depiction of rehabilitation clearly illustrates that the post-mining land capability1 will dictate 
or possibly limit the final land use, which in turn affects the social aspects. Land capability is a 
function of the physical (e.g. soil chemistry, soil physics, land form and topography) and biological 
aspects (e.g. indigenous fauna and flora, monocultures such as wheat etc.). Thus, land capability 
is a finite concept, with specific end-points, and will dictate to a very large extent the end goal of 
rehabilitation. For example, an area currently under cultivation will in all probability never be 
restored to an indigenous forest, and conversely an area currently used for cultivation may not be 
able to sustain any crops after mining, due to negative changes to the soil condition.  Society on 
the other hand is an infinite concept, with no defined end-point other than an expectation that, for 
example, the standard of living will improve and keep improving.  
 
Mining offers a unique opportunity to redefine the use of the land, based on carefully considered 
and discussed social and environmental needs. One must, however, recognise the constraints 
presented by the physical and natural environment, as one cannot improve or advance social 
benefits beyond the ability of the land to sustain them. 
 
There are a number of options in terms of post-mining land-use that should be considered, and 
these are illustrated in Figure 2-2. As is observed in this diagram there are two types of possible 
benefits in this scenario: 
 

 Social benefit that could be derived from increased development in the areas for 
economically acceptable goals, such as agriculture, grazing, eco-tourism etc. 

 Ecological benefit that could be derived from rehabilitation to a level of functioning 
ecosystems (restoration) which may restore ecosystem goods and services and has the 
advantage of conservation.  

 
Traditionally, it has been assumed that in most cases the (mainly societal) benefit that could be 
derived from increased development is inversely proportional to the (mainly ecological) benefit 
likely to arise from rehabilitation to functioning ecosystems (restoration). However, using a truly 
integrated planning approach, and giving economic benefit to the environmental services supplied 
by the pre-mining land, it may be possible to develop a management plan that benefits both 
societal development and ecological restoration. This approach is fully dependent on the post-
mining land use being identified and agreed to by the majority of stakeholders, in order to allow 
mine planning to identify the most cost-effective manner in which to realise the post-mining 
objectives.  
 

                                                           
1
 The ability of the soil and land to be utilised productively for say, crop production or as grazing land. 
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Figure 2-2: The various options available for land use by manipulation of rehabilitation 

following dune mining, are largely dependent on the magnitude of Social (y-
axis) or Biophysical (x-axis) benefits that are deemed to be more desirable 
(Modified from Hattingh et al, 2003). 

 
2.3 AIMS OF THE KAMIESBERG REHABILITATION STRATEGY 
 
Following any disturbance, such as mining, there is an opportunity to redefine the use of the land, 
based on carefully considered social and environmental needs. We propose a rehabilitation plan 
that benefits development in the area by means of rehabilitation towards restoration. This is, in our 
opinion, the only sustainable land use in the area, for the following reasons: 

 
1. The area has been overgrazed in the past, and allowing small stock to graze a 

rehabilitating area will not be a sustainable land use. This is because the ecosystem will not 
be resilient enough to the perturbations caused by small stock grazing, as initially 
biodiversity will be low. Diverse ecosystems are more resilient ecosystems. This 
recommendation is in line with the recommendations provided in the Botanical baseline and 
Impact Assessment Report prepared for the EIA. The reader is referred to this specialist 
report for further detail. 

2. The area has very low carrying capacity (1 small stock unit per 10 to 12 hectares) and 
hence small stock farming is an economically marginal activity. 

3. The soils in the area are silicic, and the agricultural use of silicic soils is limited by the dry 
environment in which they occur, their shallow soil depth, especially high pH in those with 
sodic properties, and low water holding capacity due to sandy texture. This, coupled with a 
reduction in soil properties post-mining means crop production is a non-viable land use at 
closure. 

4. The site is very close to the Namawka National park, and restoration of the landscape in 
proximity to the park could enhance the ecotourism potential of the site. It is thus 
recommended that at closure, ecotourism accommodation facilities be constructed, and 
local people be trained to run these facilities as a community development project so 
revenue could be generated from the land at mine closure.  
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5. The area has a high biodiversity, and a large number of species of special concern, 
including two undescribed plant species, new to science, have been discovered. The area 
therefore has a high conservation potential. 

6. Initial rehabilitation efforts at the Pilot Plant (see Section 3 and 4 of this report) indicate that 
rehabilitation towards restoration is possible, and hence this is the option that should be 
followed.  

 
2.4 MEASURING THE SUCCESS OF THE KAMIESBERG REHABILITATION STRATEGY 
 
Hobbs (2003) states that “we can only measure success if we have some idea of what success 
looks like, and we have ways of assessing condition and detecting change in conditions”.  Success 
of a rehabilitation project will thus be determined by how well the original objectives were met.  
Objectives for rehabilitation projects have been drafted by the Society for Ecological Restoration 
(SER - 2002), and these should be translated into measurable environmental parameters that 
allow for practical monitoring schemes (van der Merwe, 2004).  The choice of parameters to be 
monitored for measuring rehabilitation success should be decided when the objectives for the 
study are determined (Hobbs, 2003). Setting realistic goals for rehabilitation projects requires an 
understanding of ecosystem and landscape dynamics, and the ability to translate this into a 
practical framework for rehabilitation. Thus, a vegetation and ecological assessment of the 
systems to be reconstructed prior to initiation of a rehabilitation programme is required to inform 
the rehabilitation process. 
 
The Society for Ecological Restoration (2002) provides eight objectives for a restored ecosystem: 
 

1. It should contain characteristic species that occur in the reference system; 
2. It should comprise largely of indigenous species; 
3. The functional groups necessary for continued stability must be present or have the 

potential to colonise; 
4. The physical environment must be conducive for the establishment of species that will lead 

to stability; 
5. It functions normally for its stage of development; 
6. It is integrated into a larger ecological matrix; 
7. Potential threats to the system’s stability are eliminated; 
8. It is self-sustaining to the same degree as the reference system. 

 
These goals are set for the final assessment, prior to mine closure and it may be a very long time 
before these goals are realised.   
 
Rehabilitation requires on-going monitoring and evaluation of the objectives to validate the 
effectiveness of rehabilitation techniques and management measures.  In rehabilitation planning it 
is important that goals, objectives and success criteria (key performance indicators – KPI’s) are 
clearly defined.  This allows the task to be approached in a systematic way, leaving room for 
adaptive management as on-going rehabilitation yields results (Hobbs, 2003; Johnson and Tanner, 
2005). 
 
2.5 BASIC REFERENCE INFORMATION OF THE KAMIESBERG STUDY AREA 
 
The surface of the site is covered in aeolian sand which varies in thickness over the project area 
from a few centimetres to 25 m. Dunes are predominantly orientated NNE to SSW due to 
prevailing wind conditions (Zirco, 2012). The surface sands are part of a typical silicic soil 
structure, which are associated exclusively with arid landscapes (Fey, 2010). Mineralogical work to 
date shows these soils have a subsurface horizon cemented primarily by kaolin with a minor iron 
(Fe) in indurated zones, and not silica dorbank, which is more typical of these areas. Silicic soils 
are generally medium to coarse textured and well to moderately drained. The physical properties 
of silicic soils in the area will depend on the depth at which the kaolin occurs in the profile, and the 
thickness of any overlying soil material. The often coarse texture of the overlying horizons means 
that plant available water contents are low. The erosion susceptibility of silicic soils is low to 
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moderate since they are most common on gentle slopes and generally have sufficient cover in the 
form of grass and short succulent shrubs.  
 
The vegetation of the study area is fully described in the Botanical Assessment Report (presented 
as Specialist Report number 13 (Part of the specialist volume – See especially Section 4.2). Five 
(5) key vegetation types occur on the Zirco prospecting area (Figure 2.3 and Plate 2.1), namely: 
 

1. Strandveld (Namaqualand Strandveld) 
2. Sand Fynbos (Namaqualand Sand Fynbos) 
3. Heuweltjieveld (Namaqualand Heuweltjieveld) 
4. Riparian vegetation (Namaqualand Riviere) 
5. Klipkop Shrubland (Namaqualand Klipkoppe Shrubland) 

 
A full plant species list for all vegetation units is included as Appendix 1 of the specialist report.  
This list includes a surprisingly high total of 25 plant Species of Conservation Concern.  
 
Strandveld (9544 ha) is the dominant vegetation unit in the study area and occurs all along the 
Groen River basin in the southern sections of Roode Heuvel and Sabies areas (Plate 2.1A & B). It 
is also found scattered throughout Sabies, and extends into Leeuvlei (Figure 2.3). Strandveld 
merges with Sand Fynbos all along the boundary between the two vegetation types, and in places 
it can be difficult to distinguish a clear boundary. Degraded Strandveld (181 ha) occurs along the 
southern section of Roode Heuvel . The cause of degradation is overgrazing, resulting from water 
points and livestock pens (kraals) which occur along the road, and incidentally along the Groen 
River. Relatively few SCC are known to occur in true Strandveld, but nevertheless six SCC were 
recorded in this unit (24% of those in the total study area).  

Sand Fynbos (6072 ha) is the second largest vegetation unit in the area. It is the dominant 
vegetation on Roode Heuvel, but also extends into Sabies and Leeuvlei (Figure 2.3). Sand Fynbos 
occurs on slightly undulating plains and is often dominated by restios (typically Thamnochortus 
bachmanii and Restio macer) in the dune slacks (troughs), and asteraceous fynbos or restios 
(Willdenowia incurvata) on the dune ridges (Plate 2.1C). The vegetation on the dune ridges often 
includes Strandveld elements. This habitat unit is known to support at least 15 SCC, and is the 
richest vegetation type in the study area in terms of number of threatened plant species. This is a 
highly significant number of SCC for a single vegetation unit, being 60% of all SCC recorded in the 
total study area. The unit includes a number of undescribed or only recently described species, 
which is indicative of how poorly known the unit is, or at least was until recently. Fallow cereal 
(oats, rye and wheat) fields (308 ha) occur scattered throughout large sections of the Sand Fynbos 
communities, especially in the north western sections of Roode Heuvel. 

Heuweltjieveld (3798 ha) may be found all along the eastern extent of Leeuvlei, and a large part 
of north eastern Sabies (Figure 2.3). It generally occurs on undulating topography of the 
Kamiesberg escarpment foothills, and comprises largely succulent dwarf shrubland communities 
amongst a mosaic of heuweltjie communities (Plate 2.1E). Degraded Heuweltjieveld (252 ha) 
occurs in the south eastern sections of Sabies adjacent to alluvial corridors, and is dominated by 
the unpalatable shrub Galenia africana (kraalbos) (Plate 2.1F). This vegetation type may be 
spectacular after good winter rains, when extensive displays of annuals, herbs and bulbs colour 
the landscape, and at that stage is capable of supporting a high diversity of insects, birds and other 
animals. This unit is relatively poorly researched, but at least six SCC were recorded here, two of 
which are undescribed species discovered for the first time.  The conservation value of the poorly 
known quartz patches within this unit (the habitat of 4 of the 6 SCC) is thus Very High. 

Riparian (564 ha) areas consist largely of alluvial corridors of the Groen River in the south and 
Bitter River in the north, but also includes tributary alluvial drainage lines scattered largely in the 
eastern sections of Leeuvlei and Sabies, commencing in the Kamiesberg escarpment foothills and 
draining down to the larger river basins. The vegetation varies from Acacia thicket to alluvial 
halophytic shrublands (Plate 2.1 G & F). These areas serve as important corridors for bird species. 
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No SCC were recorded in this unit, and no such species are likely to occur here in significant 
numbers.   

Klipkop Shrubland (251 ha) vegetation occurs as scattered communities surrounding rocky 
outcrops of the Kamiesberg escarpment foothills. These can be found in central Leeuvlei and 
northern Sabies (Plare 2.1 I & J). These serve as important sites for local reptile populations. No 
SCC are likely to occur within the limited extent of this unit in the study area, but the unit was not 
surveyed extensively, and it is known to support many SCC in nearby areas. 

  

A. Strandveld B. Previously cultivated and degraded 
Strandveld which is now dominated by 
grass species 

  

C. Sand Fynbos, dune slack in foreground, 
dune ridge behind. The restio 
Thamnochortus bachmanii is dominant 
in the foreground.  

D. Fallow fields in Sand Fynbos 
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E. Heuweltjieveld, with a high density of 
dwarf succulents in the foreground 

F. Degraded Heuweltjieveld dominated by 
‘kraalbos’ (Galenia africana) 

  

G. Riparian bush along the Groen River, 
with Acacia karroo 

H. The Groen River riparian vegetation 
includes salt tolerant succulent shrubs 

  

I. Klipkop shrubland J. Rocky outcrop with Klipkop Shrubland 

Plate 2.1: Examples of the various vegetation types which occur in the prospecting area.  
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Figure 2.3: Vegetation Map of the Kamiesberg Project area, showing vegetation types 
(regarded as the reference state) as well as the ecological corridors. 
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3. REHABILITATION IN ARID ENVIRONS: CHALLENGES AND 
GUIDELINES 

 
3.1 REHABILITATION IN NAMAKWALAND 
 
Since 1925, intermittent patches along the entire 400 km Namakwaland coastline have been 
mined, are in the process of being mined or are being prospected for mining opportunities. 
However, the active rehabilitation of this area only began when the Minerals Act 50 of 1991 came 
into effect (Carrick and Kruger, 2007). Despite this short period of rehabilitation, a number of 
rigorous ecological studies have been conducted in this region with the aim of understanding 
ecosystem functioning. These studies have identified challenges associated with rehabilitating this 
landscape, which include climatic challenges (low annual rainfall, soil salinity and prevailing strong 
winds), as well as biological challenges such as poor representation of perennial species in the 
seed bank.  
 
Previous work in the area: Namakwa Sands have been mining heavy minerals in the 
Namakwaland area since 1992 and have been consistently rehabilitating the mined out area as the 
mining front moves forward (Blood, 2006). During the rehabilitation process, Namakwa Sands 
have developed, implemented and assessed various rehabilitation techniques specific to the area. 
Four rehabilitation techniques were implemented in 2001 with a fifth technique being implemented 
and tested in 2008 (Blood, 2006 and Pauw, 2011). These techniques are described briefly below: 
 

1. Rehabilitation scenario 1 began in June 2001 and involved only the spreading of topsoil 
over tailings and no seeding or transplantations. This method relied solely on the 
germination of the seed bank in the topsoil. 
 

2. Rehabilitation scenario 2 also began in June 2001. It involved seeding a mixture of 
indigenous species with the addition of Eragrostis curvula and Sorghum sp. over bare 
tailings on this site. This method is no longer used. 
 

3. Rehabilitation scenario 3 took place in June 2001. This scenario involved spreading topsoil 
over tailings and transplanting five indigenous species (Ruschia versicolor, Lampranthus 
suavissimus, Othonna cylindrica, Zygophyllum morgsana and Asparagus sp.) on this site. 
This method relied on both the seed bank and the transplanted species. 
 

4. Rehabilitation scenario 4 involved seeding a mixture of indigenous species with the addition 
of Ehrharta calycina onto bare tailings in 2001. In 2002, multi-species clumps of three 
indigenous species ((Ruschia versicolor, Lampranthus suavissimus and Othonna 
cylindrica) were translocated onto the plots. 
 

5. Rehabilitation scenario 5 was implemented in 2008. In this scenario, topsoil was spread 
over the tailings and a mixture of indigenous plant species sown and species transplanted 
from undisturbed areas. In addition, cuttings that were grown in the nursery were planted 
on the site. 

 
Pauw (2011) assessed the vegetation cover in all five sample sites between 2009 and 2010. He 
found that treatments 1-4, which were implemented in 2001, showed no significant difference in 
vegetation cover in the medium to long term (after eight to nine years). As expected, treatment 5 
had a significantly lower vegetation cover since it was only implemented in 2008. However, 
treatment 5 did show the highest total number of species out of all the rehabilitated sites, 
suggesting that this treatment was most effective in restoring biodiversity to the area. 
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3.2 KEY REHABILITATION CHALLENGES ALONG THE WEST COAST 
 
There are a number of challenges associated with rehabilitating this landscape due to the unique 
vegetation type and aridity of the environment. The key challenges are outlined below: 
 
Sand Burial: Burial in sand is an important factor that controls vegetation distribution and 
composition in desert (Freas and Kemp, 1983) and coastal ecosystems (Maun, 1994). Sand 
deposition can continue to a point but if it continues in excess even sand-tolerant species are likely 
to be eliminated and bare ground will result once again. Studies by Maun (1996) indicate that when 
plants are buried growth is stimulated by factors such as improved soil resources, increased soil 
volume and enhanced mycorrhizal activity. When buried, certain coastal dune species shift 
resources such as biomass to above-ground organs, such as height of stems and number of 
leaves, in order to maintain photosynthesis and thereby prevent being buried (Seliskar, 1990; 
Brown, 1997).  van der Merwe (2004) in translocation experiments found that the stem and woody 
branches of shrubs like Othonna furcata will produce new buds at a higher position on the stem, 
thereby efficiently staying on top of the sand and producing an increased cover. Thus, whilst 
reducing sand movement to allow seedling establishment is important, it is not necessary (nor 
desirable) to try and eliminate sand movement altogether. 
 
Sand accumulation: Bagnold (1941) quantitatively defined sand as any particle between 0.02mm 
and 1.0mm in diameter, and qualitatively as any particle that is light enough to be moved by the 
wind but too heavy to be held suspended in the air. Sand grains are moved by the wind in two 
ways: saltation and surface creep. Saltation of sand grains along the surface accounts for about 
75% of all sand movement by wind (Bagnold, 1941). As wind moves over a sand deposit, sand 
grains are picked up and moved forward, but the weight of the grains causes it to fall to the 
surface. If the surface is composed of coarse, immobile particles, such as pebbles, the sand grains 
will bounce off the surface and back into the air, where the wind will once again carry it forward. If 
the surface is composed of finer sand grains, saltating sand grains will not bounce off the surface, 
but become buried. The impact will eject a second grain into the air to be blown downwind. This 
"splashing" form of saltation results in a slower rate of downwind movement than the bouncing 
motion on hard surfaces. Sand will accumulate at any place where wind is reduced along the 
direction of sand drift (Cooke and Warren, 1979). Any obstacle, such as a rock outcrop, vegetation, 
or physical barrier can reduce wind speeds and force sand to accumulate to the lee side of the 
obstacle. 
 
Low soil nutrient content: In addition to a high saline concentration, soils that have been through 
the processing plants are also devoid of nutrients (Carrick and Kruger, 2007). Successful 
vegetation establishment is linked to nutrient availability. Low soil nutrient content may restrict the 
rehabilitation process by retarding or inhibiting new growth. 
 
Wind Erosion: The primary erosive force in Namakwaland is wind (Carrick and Kruger, 2007). 
Stabilisation of bare slopes and the prevention of wind erosion is therefore another challenge in 
this area. Previous studies in the area show that landscaping the natural topography and 
preventative measures, such as the erection of rows of shade cloth during the initial stages of 
restoration, have been successful in mitigating this challenge. At Roode Heuvel the spraying of 
slimes on the surface together with placing dead shrubs into the soil to act as nurse plants has 
been effective at providing initial protection for seedling establishment. 
 
Sand stabilisation is an important aspect of rehabilitation in many arid and coastal areas subject 
to high wind regimes (Weber et al., 1989). Various mechanical windbreaks such as nets, 
brushwood barriers and other such features provides some stabilisation of the soil, minimising the 
impact of wind erosion and sandblasting of transplants, and also serving to trap seed and aide in 
the germination and establishment of seedlings (van der Merwe, 2004). Windbreaks serve their 
purpose in sand stabilisation, but when used in a rehabilitation strategy it must be realised that, as 
soon as suitable cover has been established, the windbreaks must be removed (van der Merwe, 
2004).   
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Low Rainfall: Namakwaland receives a low annual rainfall (less than 200 mm a year) during the 
winter months. This area has therefore been described as a semi-arid environment. A limiting 
factor in arid and semi-arid environments for seedling establishment is moisture availability which 
is directly related to rainfall timing and amount. Rehabilitation in this area is therefore likely to be a 
slow process due to the restrictions imposed by water availability. 
 
Low soil water holding capacity: The indigenous flora in this region is dominated by a number of 
shallow-rooted leaf-succulent shrubs that are adapted to optimally benefit from small rainfall 
events, by accessing water available in very shallow soil. Soil that has passed through the 
processing plant has a reduced soil water holding capacity which could delay seedling 
establishment and slow down natural successional processes in rehabilitated sites. 
 
Seed bank and Seed Dispersal: Annual (short-lived) species dominate the seed bank in 
Namakwaland while the standing vegetation is dominated by perennial species. Recruitment from 
the seed bank is therefore biased towards the short-lived species which does not facilitate long-
term vegetation recovery. In addition, annual species have long distance dispersal mechanisms 
compared to perennial species which are typically short. Seed dispersal and seed banks can 
therefore not be solely relied on and the introduction of perennial species is therefore necessary.  
 
Establishing Seedlings: Maun (1994) recognised numerous factors limiting the establishment 
and survival of seedlings in dune systems. These included nutrient deficiency, lack of moisture, 
predation and salt spray. It is usually increased moisture events that triggers rapid seedling 
recruitment and thus it is important that seeding of sites is carried out during periods of optimal 
rainfall.  Seedlings in dune systems are able to survive partial burial and show increased growth 
with sand accumulation.   
 
Sea water: Soils along the west coast generally having a high saline content due to the deposition 
of salts at the soil surface through wind-blown salt spray and mist (Blood, 2006). However, soils 
that have been through the processing plants have a higher salinity than undisturbed soils. High 
levels of salinity are not generally conducive to establishing plants, with the exception of salt-
tolerant species (Carrick and Kruger, 2007). Studies at the Namakwa Sands mine have found that 
while the high soil salinity does pose a challenge during rehabilitation, the salinity of the soil 
decreases rapidly as a result of natural leaching processes and is significantly reduced after 25 
months. 
 
Translocation Experiments: The use of indigenous species in translocation has been strongly 
advocated by Burke (2001), Milton (2001), Schmidt (2002) and van der Merwe (2004), as it will 
result in natural plant communities that are self-sustaining, diverse and better able to facilitate 
succession. In these environments there is a limited choice of species and seeds. Because of the 
low sporadic rainfall, Burke (2003) and van der Merwe (2004) relocated suitable local species 
using those that had been or would be displaced by a disturbance process. van der Merwe (2004) 
used an appropriately planned harvesting scheme to provide an adequate supply of plants in an 
experimental study in the southern Namib. She found that the translocated plants could be 
successfully established, and improved site conditions for other plants by trapping organic matter 
and seeds which then germinated in the shelter of the nurse plants (van der Merwe, 2004).   
 
However, success in translocation depends on the selection of a suitable plant species (Abu-
Irmaileh, 1993), the substrate into which plants are transplanted, and carrying out the translocation 
in the appropriate climatic and seasonal conditions. It is necessary to establish a stable landform 
and optimum soil condition to enhance transplant success and re-colonisation (Schmidt, 2002).  
Conditions following mining are unstable and only species that are adapted to such conditions will 
be able to colonise the new site. It is thus advisable, as did van der Merwe (2004) in her 
experiments, to use a variety of substrate types incorporated into the design of trials to establish 
the most suitable techniques by experimentation.   
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3.3 REHABILITATION UNDERTAKEN ON SITE  
 
Two types of rehabilitation have been implemented on the Roode Heuvel deposit, one at the pilot 
plant and three at other sites where borrow pits have been rehabilitated. In the latter case the soils 
have not been disturbed and consequently there is a greater density and diversity of plant species 
found in these areas. Secondly, these sites have been fenced and therefore effectively act as 
exclusion plots. The lack of grazing and browsing pressure from sheep and goats has significantly 
facilitated the re-establishment of vegetation (Table 3-1). Although no quantitative samples were 
undertaken during the site visit, it is evident that vegetation cover within the rehabilitated plots are 
similar to that outside the plots, and that species diversity is relatively good. 
 
At the pilot plant two areas have been rehabilitated. A bulk sampling and pilot mining operation 
resulted in the clearing of over 1ha of vegetation. This area was then mined and the tailings from 
the pilot plant were placed in the mined out pit. The area was then covered with a fine layer of fine 
material, achieved by spraying overflow from the slimes separation process onto the surface of the 
soil. This effectively resulted in the formation of a crust over the surface, and significantly reduced 
any risks of wind erosion. The establishment of a crust such as this on the soil surface is a very 
important initial phase in rehabilitation, and is often achieved through the inoculation of the soil 
surface with Biocrusts (made up of a range of organisms including lichens, algae, bryophytes 
(mosses and liverworts), cyanobacteria, fungi and bacteria).   
 
Research in the arid environment of Western Australia, at Iluka’s Jacinth and Ambrosia heavy 
mineral sand mine has focused on developing ways to inoculate the soils with a biocrust and 
cyanobacterial bio-inoculum for use in mine rehabilitation (Doudle, Williams and Galea, 2011).2 
This is because of the importance of biocrusts in intertwining soil particles to form an ecologically 
functional soil surface layer which encourages the growth of higher plants and reduces soil 
erosion. The spraying of slimes on the soil surface has effectively achieved a similar result, but the 
use of biocrust is something that could be investigated further at Roode Heuvel. The use of the 
slimes layer has been supplemented by inserting dead shrubs into the rehabilitated area. Although 
not living, these shrubs do act as nurse plants and assist in the establishment of pioneer species 
within the rehabilitated area (Table 1.4). The series of photographs presented in Table 3.1 and 
Figure 3.1 provides evidence of the rehabilitation success achieved thus far.  
 
Table 3-1: Photographic evidence of rehabilitation at Roode heuvel, with notes and 
observations. 
Description Photo 

Bulk sample pit during operation 

 

                                                           
2
 S Doudle, W Williams and V Galea (2011) Improving rehabilitation outcomes using biocrust. Proceedings of the international minerals 

conference, Perth. 
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Description Photo 

Area north of the pilot plant where 
bulk sampling was undertaken. 
Rehabilitation started in December 
2012. Natural vegetation to the 
right and background.   
 
 
 

 
Close up of site showing initial 
cover of mainly grasses but some 
herbaceous plants. Approximately 
8 species recorded.   
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Description Photo 

Dead shrubs inserted into the soil 
act as nurse plants by trapping 
seed, reducing sand movement 
and altering the microclimate 
sufficiently to allow germination. 
  

 
Covering the area with a thin layer 
of slimes help to reduce sand 
movement and erosion, and does 
not prevent seedling establishment 
as the crust is not too hard. 
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Description Photo 

Area to the left has been fenced 
and is a borrow pit which was 
rehabilitated in 2011. The 
vegetation to the right is natural 
Namakwaland Strandveld 
vegetation. Rehabilitation has been 
successful, although these soils 
were not mined and hence the clay 
content is still high. There are less 
woody shrubs such as Skilpadbos 
in the rehabilitated area. 
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A 
 

 
B 
 

 
C 
 
Figure 3-1:  Panorama photographs of the rehabilitation on the Roode Heuvel trial pit, taken: 
A – December 2011- Topsoil spread over the surface is evident, as is the placement of dead shrubs to act as wind breaks. 
B – September 2012 – The establishment of grasses (Ehrharta calycina) is evident, as well as a few scattered shrubs. 
C – August 2014 – A significant increase in the number of shrubs, as well as the diversity of the rehabilitation area is evident. Both abundance and 
cover have increased .
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4. RECOMMENDED REHABILITATION PROCESS AT KAMIESBERG 
 
4.1 OVERALL REHABILITATION PLAN 
 
As discussed above, the recommended decision is to rehabilitate the entire site to natural 
vegetation. In doing so, recommendations made in the vegetation specialist report, and the need to 
establish ecological corridors are important considerations. The overall rehabilitation plan for the 
mine site is therefore to achieve an indigenous vegetation cover, and to focus the rehabilitation 
programme on re-establishing the type of vegetation that occurred before mining. As can be seen 
from Figure 2.3, the primary focus of the rehabilitation programme would therefore be focused on 
re-establishing Sand Fynbos. A secondary focus would be to re-establish Standveld in the eastern 
portions of the area to be affected by mining. The rehabilitation will be facilitated by the presence 
of various ecological corridors, as these areas will act as seed banks and a possible a source of 
plants which could be transplanted from these areas. They also support various faunal groups, 
which play an important role in pollination and seed dispersal (Figure 4-1). 
 
The rehabilitation programme will need to be guided by the mine plan. Once an area has been 
mined out, rehabilitation can start shortly thereafter, since mining activities (essentially bulk earth 
works) will move onto the next parcel of land. Thus, a rolling rehabilitation process can take place, 
and at the end of the mine life, the area mined in year one will support vegetation close to 20 years 
old. The sequence of rehabilitation will need to closely follow the sequence of mining, showing in 
Figure 4-2 below. 
 
Mining will be initiated in the south-western section of the Roode Heuvel deposit, and will then 
proceed south-west and then north-west. In the first year of mining a void will be created, as there 
is no area to backfill. The coarse tailings will be used to construct the walls of an off mine path 
tailings storage facility (TSF – see Figure 4.2). In year 2 coarse tailings will continue to be used to 
construct the TSF, and hence there will be no or limited backfilling in years 1 and 2. It is only likely 
that rehabilitation could begin on the year 1 and 2 parcels (100 and 130ha respectively) after year 
2, as sufficient space would be required for mining operations. Thus, it is anticipated that 
rehabilitation will lag 2 years behind excavation and mining.  
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Figure 4-1: Ecological corridors within and around the mine path and vegetation sensitivity 
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Figure 4-2: The mine path, indicating the years each parcel will be mined.  
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In part of years 17 and 18 (shown on Figure 4.2) no sand tailings will need to be placed over the 
mined out area, as in these areas the deposit is shallow, and mostly the surface aeolian sand 
(referred to as Red Aeolian Sands - RAS) will be removed. This will leave the Orange Feldspathic 
Sands (OFS) exposed. Tailings will be disposed of in the TSF, and 300 mm of seed bearing top 
soil will simply be spread over the exposed surface of the OFS. Regrowth in these areas will 
therefore not be limited by the increased salt content of the sand tailings used to fill the voids in 
areas indicated as dark brown in Figure 4.2. Other opportunities where the post-mining surface 
can be re-shaped into natural contours without placing tailings should also be pursued.  This is 
important as seawater will lead to a significant increase in the salinity of the soil returned to the 
areas. This will compromise the rehabilitation potential of Namaqualand Sand Fynbos (Desmet & 
Helme 2003), which prefers acidic soils. Studies at Namakwa Sands have found that high soil 
salinity poses a challenge during rehabilitation (reducing species diversity), especially if rainfall is 
below average (and natural leaching is thus reduced). 
 
Generally re-vegetation will begin naturally when top soil is spread and seeds in the seed bank 
germinate, but various additional activities, described in section 4.3 below, will be undertaken to 
facilitate the rehabilitation process.  
 
4.2 SPECIFIC RECOMMENDATIONS FOR REHABILITATION 
 
The following specific recommendations, taken from the vegetation assessment, will need to be 
incorporated into the rehabilitation programme, in order to mitigate impacts on the vegetation and 
fauna in the mining area: 
 

i. Ensure that construction phase footprints are rehabilitated to acceptable standards 
(minimum of 60% of original plant species present) as soon as possible after the area is no 
longer in use.  

ii. Less than 300ha should be mined at any one time (the largest area on the mine path is 
279ha) and hence the remainder of the mining area will either be undergoing rehabilitation 
or standing undisturbed, or be part of the TSF depending on the project phase, which will 
help reduce overall fragmentation of the site. 

iii. For the first 5 years of mining, rehabilitation must focus on the years 1-4 area to ensure that 
at least one 300m wide north – south ecological corridor can be re-instated. This will 
necessitate leaving a portion of the year 20 mining area in an undisturbed state along the 
western edge of the project area, to ensure there is a north-south linkage. This corridor is 
particularly important in the case of the primary target habitat – Namaqualand Sand 
Fynbos. This vegetation type has a north – south regional distribution, through the western 
half of the study area (mainly on Roode Heuvel), and it is part of a largely continuous strip 
of habitat that runs from northeast of Hondeklipbaai in the north to the Olifants River in the 
south. Complete severance of this currently largely intact habitat through open cast mining 
across its width is not desirable from an ecological perspective (Desmet & Helme 2009). 

iv. Maintain ecological corridors, as they will function as a vital repository of rehabilitation 
material (seeds) for the post mining phase. This will significantly enhance rehabilitation 
success, and will also help limit wind erosion 

v. Do not use any alien grasses (eg. Lolium - ryegrass) for rehabilitation purposes. 
vi. Topsoil of at least 300mm depth (0.3m) must be set aside for rehabilitation purposes, as 

this will then retain its original pH, and will also include the bulk of the soil stored seed bank 
(including most of the bulbs, which are more deeply buried than most of the seeds). 
Furthermore, the top 2 metres of tailings returned to the surface after mining must be sand 
tailings only, as any clay will assist in the retention of salt. 

vii. No livestock should be allowed to graze in the approved mining area nor within a 500m 
buffer area (if such an area is located within the permit area) from six months after any 
authorization up until the mine closure permit is granted.   

viii. It is strongly recommended that livestock not be introduced into the mined and rehabilitated 
areas for at least ten years after initial rehabilitation has been completed on the last block 
to be mined. Removal of livestock will dramatically improve rehabilitation by allowing 
flowering and seed set for the more palatable species. Livestock preferentially eat the most 
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tender flowering parts (including seeds), and also target annuals, such as grasses and 
herbs. The latter are often pioneers, which would normally be the first to stabilize a 
disturbed area and provide habitat for the longer lived shrubs. Thus, by removing livestock 
one maximizes the available seed bank, and hence the rehabilitation potential. It is the 
cheapest and easiest way of enhancing rehabilitation success.  It is recommended that the 
area be stocked with limited numbers of range appropriate game, and the possibility of 
tourist accommodation could be explored.  

ix. Rehabilitation targets must include a measurable element of botanical diversity.  In other 
words the rehabilitation target for Strandveld areas should be to return the mined areas to 
at least 60% of the pre-mining botanical diversity for this habitat. 

x. On-going, annual alien invasive vegetation management is required in the mined and 
rehabilitated areas until the mine closure permit is issued.   

xi. East – west oriented wind fences will be required in the rehabilitation areas in order to 
minimise wind erosion, probably at an interval of every 5m, as at Namakwa Sands 

 
4.3 RECOMMENDED REHABILITATION PROCEDURE AND TECHNIQUES 
 
The following recommended approach for the rehabilitation at Kamiesberg is based on an expert 
driven workshop with Dr. Ted Avis, Prof. Roy Lubke of CES, and Mr Deon van Eeden of Vulu 
Environmental.  
 
The necessary assumptions regarding mining in order to formulate the rehabilitation techniques 
are: 

  A mining rate of 175ha per annum at 1000 tph. 1st 6 years. 

  Mining less than 260ha per annum (1500tph) for the rest of mine life. 

  Start-up and on-going mining require different strategies. 

  Clearing before mining: Agree on topsoil depth of 300 mm. 

 
4.3.1 Rehabilitation during the on-going mining phase 
 
Step 1 – Seed and plant harvesting: 
           
   Prior to mining from the mine path: 

 Plan topsoil stripping to take place after plant harvesting  
 Seed collection and propagation must take place throughout winter until early 

summer. 
 Geophytes, succulents, and suitable plants must be harvested and relocated to 

rehabilitation sites. If conditions are un-favourable, they will need to be established 
in a holding nursery for later use. 

 
In previously disturbed sites, seed collection from nearby undisturbed areas may be necessary to 
obtain sufficient seed for rehabilitation. 
 
Step 2 – Relocation of plant material:  
 
This must be a seasonal activity, taking place between April to June, but before the rains. 
Harvested plants must be transplanted directly into rehabilitation areas (parcels of land already 
mined) whenever possible, as this is much more cost effective, and success rate is significantly 
enhanced. Maintaining them through a single watering up front might be sufficient, but two 
additional watering might be required. Experiments to determine if hydrogel is to be added to the 
planting holes to improve water retention is required, and if this reduces root establishment then it 
must not be used.  
 
It is too expensive to transplant mature plants and with poor chances of success (e.g. 
skilpadbossie). 
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Step 3 – Bush clearing: 
 

1. Use a bush rake to clear vegetation (modified front bucket of a bulldozer).  
2. Scrape top 300 mm of soil, with organic material (keep as coarse as possible to slow down 

decomposition and to create micro habitat). Push this material into wind rows.  
3. Use a loader/excavator to load onto dump trucks, which take material to the rehabilitation 

area. Dump in rows and then use a bulldozer to open and spread material.  
4. Material becomes compacted due to mechanical handling and thus requires ripping by 

small Cat D6 with tines at the back. Rip to topsoil depth (0.3m). This will mix the top soil 
and underlying fill reducing the soil variance and incorporate organic matter and seed.  

5. Conduct broadcast seeding of primarily indigenous pioneer vegetation that will rapidly 
germinate and stabilise areas. 
 

Step 4 – Tailings stacking: 
 
The top 2 metres of tailings in all the mine voids must be sand tailings only. Slimes overflow will go 
to the TSF or elsewhere in the mining voids, in areas where co-disposal occurs. These areas do 
not correspond exactly to mining years, but co-disposal will take place in the areas to be mined in 
years 1 to 7, and 8 to 11. This will not have a major impact on the rehabilitation in these areas.  
 
It is important that sand tailings cover all the co-disposal sites, as more than 10% clay content in 
the sand will bind the salt and retain it in the soil profile (Carrick and Kruger, 2007), and should be 
avoided. This means that the TSF will need to remain operational for life of mine, so that higher 
clay content tailings can be disposed into the TSF. In some areas (e.g. years 17 and 18) no tailings 
is placed onto the mining footprint, hence no salt enrichment occurs. In these areas rehab can 
proceed faster after mining without added saline stress. 
 
Step 5 – Erosion control: 
 
The surface must not be sprayed with a thin layer (<1cm) of slimes using a water monitor (or 
similar) as the benefits for rehabilitation are not significant. In fact, the slimes layer may limit 
rehabilitation success as it retains salts in the soil surface. This should be used only for erosion 
control. The planting of brush (as done at during the pilot phase) will be too expensive. 
 
The cheapest option to control wind erosion is to establish rows of shade-cloth to act as wind 
breaks. These are to be spaced at 5m intervals and at 750mm height. Custom made wind nets 
with R10 steel droppers at 5m spacing must be used. These wind rows can be re-used, but they 
must stay in place for 3 years. Thus, 20 wind rows per hectare of 100m length are estimated, 
totalling 2 000m of wind rows per hectare. 
  
Step 6 – Seeding and planting 
 
Step 1 - Relocated plant material (geophytes & succulents) must be planted in areas where topsoil 
has been spread and wind rows installed. This activity will be initiated in year 3 of mining, on the 
year 1 and 2 parcels of land, totalling 230ha. These areas must be over-seeded at a rate of 5kg/ha 
with indigenous pioneer species collected from ahead of the mining area.  Possible species include 
Oncosiphon spp.; Ehrharta calycina and Stipagrostis spp. The focus of seed harvesting must be on 
easily harvested seeds. 
 
Step 2 - Assess the need for in-planting and the establishment of woody vegetation as functional 
plant groupings. These plants must be harvested from the veld, and directly planted into the 
rehabilitation areas. It is too expensive to bag and leave them in a nursery, and the success rates 
are generally lower than from direct planting. This should only be done for Species of Conservation 
Concern (SCC) or if no suitable habitats exist.  
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Step 7 – Establish nursery: 
 
The nursery is primarily required for the propagation of species of special concern and the 
management of seed harvesting etc. The nursery must be established at the start of construction, 
prior to any clearing in order for harvested seeds to be stored, and any SCC collected and 
translocated to the nursery, or planted directly into the ecological corridors (preferably, as the 
success rate will be higher).  
 
Step 8 – Ongoing maintenance: 
 
Primary activities include 

o Repair and maintain netting. 
o Watering of plants in 1st year during periods of drought. 
o Erosion control.  
o Maintain transplanted nursery plants  
o Maintain seeding 
o Additional planting of bare patches. 
o Alien vegetation cleaning. 

 
4.3.2 Topsoil handling and maintenance  
 
This approach applies to the life of mining (see Figure 4-3). Areas affected annually are shown in 
Figure 4-4. 
 
Topsoil removed from construction areas and years 1 and 2 of mining must be stockpiled in the 
south-western section of Roode Heuvel (on the mining footprint of year 13), for subsequent use. 
 
Topsoil stockpile maintenance: 

o Ideally stockpiles should not be higher than 2m, but this means one requires 1ha 
storage space per 7 ha of cleared area. An area of 60ha is required to stockpile top soil 
from years 1 and 2 of mining for a two year period. A compromise between depth of 
topsoil stockpile and area affected by the stockpiles will need to be achieved, as topsoil 
below the stockpile will be negatively affected.  

o If the topsoil is stored for more than 6 months loss of seed bank and micro-organisms 
occurs. 

o The topsoil removed from the TSF area will need to be stored for the life of mine and 
only used at closure, to rehabilitate the TSF. Loss of seed bank and micro-organisms 
will occur in any event, and thus, it is recommended to maximise storage height and 
ameliorate topsoil later when used.  

o The side slopes of the stockpiles must not have slopes greater than 1:3  
o For long term TSF top soil storage, store topsoil at a maximum height of 5m. This will 

require 1ha stockpiles for every 15ha cleared. Total size of the TSF is 340ha, and a 
total area of at least 25 ha will be required for the TSF topsoil stockpile 

o Temporary topsoil stockpiles will also be required during mining, with topsoil for close to 
400ha required on occasion. At a 2m recommended height for temporary stockpiles, 
each 7ha requires 1ha surface area, requiring approximately 60ha for temporary topsoil 
stockpiles. Thus, topsoil stockpile management is an important component of the 
rehabilitation programme.  

o Over-seed the permanent stockpiles (and those portions of the temporary stockpiles not 
been re-worked), and rehabilitate using same procedure as done for other areas, by 
following steps 2; 5; 6 & 8 above. 
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Figure 4.3 – Sequence of mining per annum, showing each parcel of land to be mined per 

annum. Figures in brackets are the source of topsoil for each parcel of land, 
and generally lags between one and two years behind mining. 
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Figure 4-4: Areas to be mined per annum. Refer to Figure 4.3 for the sequence of mining.  

 
Topsoil handling 
 
The correct handling of topsoil is one of the most critical determining factors for successful 
rehabilitation. If the storage of topsoil can be limited, then seed banks and soil fauna remain 
biologically active, speeding up the rehabilitation process. The following sequence of topsoil 
handling demonstrates the practically and principal of being able to integrate topsoil placement as 
part of the mining process. It is assumed that topsoil placement will be two years out of rotation, 
and it is acknowledged that significantly more detailed planning will be required to refine the 
sequence of top soil replacement (refer to Figure 4-3). This sequencing and planning will be 
constantly updated as part of ongoing mine planning throughout the life of the operation: 
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o Years 1 & 2 - Construction areas and year 1 and 2 mine area topsoil will go to the 
topsoil stockpile located in the south west corner, in the year 13 mining area (called the 
SW stockpile). 

o Year 3 – the year 1 area will not be rehabilitated , as a void needs to be created and 
mining must progress to a point where rehabilitation can start. The mined out year 1 
area will be covered with topsoil from the SW stockpile.  

o Year 4 - The year 2 area will be covered with topsoil from the year 3 mining area. 
o Year 5 - the year 3 mining area will be covered with topsoil from the year 4 area. This 

has an area of 185ha, so the topsoil from the additional 86ha will need to be stored in 
the SW stockpile. 

o Year 6 – the year 4 area will be covered with topsoil from year 5 area, which is 135ha in 
extent. Topsoil for the additional 50ha will need to come from the SW stockpile. At this 
stage there will be a surplus of 93.5ha of topsoil for use later in the process. 

o Year 7 – the year 5 area will be covered with topsoil from the year 6 mining area of 91.5 
ha. Additional topsoil for the 43.5ha area will need to come from the SW stockpile. 

o Year 8 – the year 6 area will be covered with topsoil from the year 7 mining area, which 
has an area of 157.5 ha.  It is recommended that a second stockpile be established in 
the adjacent to the year 19 mining area. The additional 66ha should be stockpiled in 
this north-west stockpile. 

o Year 9 – the year 7 area will be covered with topsoil from the year 8 mining area of 
125ha. Top soil for the additional 31 ha will be obtained from the NW stockpile.   

o Year 10 - the year 8 area of 125ha will be covered with topsoil from the year 9 mining 
area of 160ha. Top soil for the remaining 35ha will need to be stored in the SW 
stockpile, increasing this to a reserve sufficient for covering 228.5ha. 

o Year 11 - the year 9 area of will be covered with topsoil from the year 10 mining area of 
180ha. The additional topsoil of 20ha will be stored in the SW stockpile. 

o Year 12 - the year 10 area of will be covered with topsoil from the year 11 mining area, 
which is identical in size. 

o Year 13 – the year 11 area of 180ha will be covered with topsoil from the year 12 
mining area of 254ha. Additional topsoil of 74ha will be stored in the SW stockpile, 
leaving a net amount of 302.5ha available for rehabilitation.  

o Year 14 - the year 12 area of 254ha will be covered with topsoil from the year 13 mining 
area of 178ha. Additional topsoil for 76ha will come from the SW stockpile, leaving a net 
amount of 226.5ha available for rehabilitation.  

o Year 15 - the year 13 area of 178ha will be covered with topsoil from the year 14 mining 
area of 106ha. Additional topsoil for 72ha will come from the SW stockpile, leaving a net 
amount of 154.5ha available for rehabilitation. 

o Year 16 - the year 14 area of 52.5ha will be covered with topsoil from the SW stockpile, 
reducing its size to 48ha to serve as a reserve for any rehabilitation at closure. Topsoil 
from the year 15 mining area of 223ha should be used for the northern portion of the 
year 14 area (52.5ha), with the remaining 170.5ha going to the NW stockpile, 
increasing its size to 205.5ha for use later in the programme.  

o Year 17 - the year 15 mining area of 223ha will be covered with topsoil from the year 16 
area of 261ha. The additional 38ha will need to be stored in the NW stockpile, 
increasing its size to 243.5ha available for rehabilitation. 

o Year 18 - the year 16 mining area of 261ha will be covered with topsoil from the year 17 

area of 279.5ha. The additional 18.5ha will need to be stored in the NW stockpile, 

increasing its size to 262ha available for rehabilitation. 

o Year 19 - the year 17 mining area of 279.5ha will be covered with topsoil from the year 

18 area of approximately 200ha, with topsoil for the additional 79.5ha coming from the 

NW stockpile, reducing its size to 182.5ha available for rehabilitation. 

o Year 20 - the year 18 mining area of 200ha will be covered with topsoil from the year 19 
area of 106.5ha. The additional 83.5ha will need to come from the NW stockpile, 
reducing its size to 99ha available for rehabilitation. 
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o Year 21 - the year 19 mining area of 106.5ha will be covered with topsoil from the year 
20 area of 130ha. The additional 24ha will be stored in the NW stockpile, increasing its 
size to 123ha available for rehabilitation. 

o Year 22 – The year 20 mining area of 130ha will be rehabilitated with topsoil from the 
NW stockpile, which at this time will have 123ha available for rehabilitation. The 
depleted stockpile area will also be rehabilitated.  
 

Tailings storage facility 
o There is requirement to remove the top 30cm of topsoil from the TSF void, for later use 

to cap the saline saturated clay material in the TSF. 
o Topsoil from the permanent topsoil stockpile can also be used to cap the TSF. 
o It is recommended that the TSF topsoil stockpile of 25ha be located east of the TSF, as 

indicated on Figure 4.3. 
o It is assumed that between 0.5 – 1m of capping material will be required. 

 
4.3.3 Costs 
 
The spread sheet presented in Appendix B provides a detailed breakdown of the costs for 
rehabilitation. These costs were determined in 2013, and a 6% CPI increase should be added 
annually.  
 
For the first 6 years of mining a total area of 763ha will be mined. Including additional areas 
affected by construction, it has been estimated that a total area of 875ha will need to be 
rehabilitated in the first 6 years. The total cost, which includes start-up cost (except the nursery) 
would be R21 642 755.75. This works out at a cost of R24, 735.00 per hectare. This compares 
favourably to industry standards. For example, at Alexcor, the rehabilitation cost in 2011 was 
R38 000 per ha (figures from DvE). 
 
It is recommended that, including a CPI increase and a contingency, the cost of rehabilitation be 
budgeted at R30,000 per hectare, at year 2014 rates.  
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5. MONITORING AND EVALUATION 
 
5.1 REHABILITATION MONITORING 
 

It is recommended that the success of the rehabilitation exercise be monitored from the 
commencement date and for five years subsequent to the final implementation phase. This 
recommendation is based on the need for clearer scientific understanding within the 
rehabilitation field, particularly with respect to indigenous rehabilitation and the natural 
processes of succession. In the first few years of mining specific Key performance Indicators 
will need to be developed.  
 
This can be achieved by setting up an on-going research project in which records kept by 
the Rehabilitation Officer which are analysed and assessed on a scientific basis. Coupled 
with this information, it is recommended that data be captured on a GIS system, to facilitate 
both management of rehabilitation and monitoring. The incorporation of general weather 
conditions affecting the success of rehabilitation should be incorporated into the monitoring 
programme.  
 
The Rehabilitation Officer must compile quarterly monitoring reports to establish the success 
of the growth of planted species, the establishment of spontaneously germinating species, 
including weed species that are systematically removed. Any other important information will 
also be noted. 
 
5.2 REHABILITATION EVALUATION 
 
In the 1980s and 1990s general reviews of rehabilitation were produced which gave the 
basic understanding of what is necessary to assess the success of rehabilitation, as is best 
exemplified in the publication by Ewel(1990).  He listed six criteria, many of which were 
difficult to measure, such as: 
 

 Sustainability – whether the new community can perpetuate itself, 

 Nutrient retention – a measurable build up in the soil system of nutrients, 

 Biotic interaction – species of different trophic groups forming various associations. 

 Restoration status – whether the ecosystem has reached the status of the 
undisturbed ecosystems. 

 
The other two criteria of Ewel are somewhat easier to measure: 

 Invasability – invasion of new species into the newly formed ecosystem. 

 Productivity – an increase in abundance or biomass over the period of measurement. 
 
This paper and others (e.g. Westman, 1991) establish the principles behind assessing 
rehabilitation, but give very little detail on how this could be carried out.  More recently a 
number of papers on the ways to measure the success of rehabilitation, or the techniques 
used for the rehabilitation process have been published (See CES 2004; or Ruiz-Jean and 
Aide, 2005).   
 
Techniques such as those of Van Aarde et al. (1996) and Wassenaar and Van Aarde (2003) 
could be used to monitor the rehabilitation programme. These authors set various criteria to 
evaluate the success of the coastal forest restoration programme at the dune mining site at 
Richards Bay, South Africa. They reported on selected variables linked to various criteria, 
and used mainly quantitative analyses to determine whether the rehabilitated sites were 
developing towards a benchmark site. These included aspects of eco-system function, 
structure and composition. In an evaluation of the success of this specific rehabilitation 
process, simpler criteria had to be established. 
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ANNEXURE A 
 
Table A: List of species potentially suitable for rehabilitation 

Scientific Name 

Suitable for  

Relocation 

Suitable for  

Seeding in-situ 

Suitable for  

Propagation 

Albuca spp.  - x - 

Aloe arenicola  X - - 

Aloe glauca  X - - 

Aloe krapohliana  X - - 

Amellus microglossus  - X - 

Amphibolia laevis  - X - 

Anthospermum spathulatum spathulatum - X - 

Antimima sp.  X X - 

Arctotheca populifolia  - X - 

Arctotis spp.  - X - 

Asparagus spp.  X X - 

Atriplex lindleyi inflata - X - 

Atriplex semibaccata appendiculata - X - 

Atriplex vestita appendiculata - X - 

Babiana spp.  X - - 

Boophone disticha  X - - 

Boophone haemanthoides  X - X 

Brunsvigia bosmaniae  X - X 

Bulbine spp.  X X - 

Carpobrotus edulis edulis - X X 

Carpobrotus quadrifidus  X X X 

Cephalophyllum sp.  X X - 

Chaetobromus involucratus dregeanus X X X 

Chaetobromus involucratus involucratus X X X 

Chaetobromus involucratus sericeus X X X 

Chasmanthe aethiopica  X - X 

Cheiridopsis denticulata  X X - 

Cheiridopsis meyeri  X - - 

Cheiridopsis turbinata  X - - 

Chrysanthemoides incana  - X - 

Cladoraphis cyperoides  X X X 

Clutia daphnoides  X X - 

Conicosia elongata  - X - 

Conicosia pugioniformis alborosea - X - 

Conophytum sp.  X - - 

Cotula filifolia  X - - 

Cotyledon sp.  X - - 

Crassula spp.  X - - 

Crinum variabile  X - - 
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Scientific Name 

Suitable for  

Relocation 

Suitable for  

Seeding in-situ 

Suitable for  

Propagation 

Delosperma sp.  X X - 

Didelta carnosa carnosa X X - 

Dodonaea viscosa angustifolia - X - 

Drimia fragrans  X X - 

Drosanthemum sp.  X X - 

Eberlanzia dichotoma  X X - 

Ehrharta calycina  - X - 

Ehrharta villosa maxima - X - 

Eriocephalus africanus africanus - X - 

Euphorbia burmannii  X X X 

Euphorbia caput-medusae  X X X 

Euphorbia mauritanica mauritanica X X X 

Euryops spp.  - X - 

Felicia spp.  - X - 

Ferraria spp.  X X - 

Galenia africana  - X - 

Galenia crystallina  - X - 

Galenia fruticosa  - X - 

Gethyllis spp.  X - - 

Gladiolus spp.  X - - 

Grielum spp.  - X - 

Haworthia isabellae  X - - 

Helichrysum spp.  - X X 

Hermannia spp.  - X X 

Indigofera spp.  - X - 

Jordaaniella spongiosa  X X - 

Lampranthus amoenus  X X - 

Lampranthus spp.  - X - 

Lapeirousia spp.  X - - 

Lebeckia plukenetiana  - X - 

Lebeckia sericea  - X - 

Leipoldtia spp.  X X - 

Leptochloa spp.  - X - 

Leysera gnaphalodes  - X - 

Lycium decumbens  - X - 

Lycium ferocissimum  - X - 

Maytenus heterophylla heterophylla - X - 

Maytenus oleoides  - X - 

Mesembryanthemum crystallinum  - X - 

Metalasia densa  - X - 

Metalasia muricata  - X - 
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Scientific Name 

Suitable for  

Relocation 

Suitable for  

Seeding in-situ 

Suitable for  

Propagation 

Moraea spp.  X - - 

Oncosiphon grandiflorum  - X - 

Oncosiphon suffruticosum  - X - 

Ornithogalum spp.  X - - 

Othonna cylindrica  X X - 

Othonna spp.  - X - 

Pelargonium spp.  - X - 

Pentaschistis spp. airoides - X - 

Prenia pallens lutea - X - 

Rhus glauca  - X - 

Ruschia spp.  X X - 

Salsola spp.  X X - 

Stipagrostis namaquensis  - X - 

Stoeberia frutescens  X X - 

Stoeberia spp.  X X - 

Tetragonia fruticosa  - X X 

Tetragonia spp.  - X - 

Trachyandra spp  - X - 

Tribolium spp.  - X - 

Tripteris clandestina  - X - 

Tripteris sinuata sinuata X X - 

Tylecodon reticulatus reticulatus X - - 

Tylecodon similis  X - - 

Tylecodon striatus  X - - 

Tylecodon wallichii wallichii X - - 

Wiborgia spp.  - X - 
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ANNEXURE B 
 

Kamiesberg Project Rehabilitation costs (all values in ZAR)  
             

    

Total 
Area in 
Ha 

Year 1 
area in 
Ha 

Rate 
per Ha 

 Year 1  
Amount  

Year 2 
area in 
Ha 

Rate per 
Ha 
adjusted 

 Year 2 
Amount  

Year 3 
area in 
Ha 

Rate per 
Ha 
adjusted 

 Year 3 
Amount  

Year 4 
area in 
Ha 

Rate per 
Ha 
adjusted 

 Year 4 
Amount  

Year 5 
area in 
Ha 

Rate per 
Ha 
adjusted  Year 5 Amount  

1 Modular costing  525     
 

  
 

  
 

  
 

  
 

    
 

  

1.1 
Search and rescue, harvest bulbs and 
valuable plants and establish in nursery 525 175 2750  481 250.00  175 3025 529 375.00  175 3328 582 312.50  175 3660 640 543.75  175 4026 704 598.13  

1.2 Maintain plants in nursery 525 175 550 96 250.00  175 605 105 875.00  175 666 116 462.50  175 732 128 108.75  175 805 140 919.63  

1.3 Seed collection 525 175 429 75 000.00  175   175 519 90 750.00  175 570 99 825.00  175 627 109 807.50  

1.4 
Plant propagation. collect cuttings and grow 
plants to 4kg size (1000/ha) 525 0 5500       -    175 6050 1 058 750.00  175 6655   1 164 625.00  175 7321 1 281 087.50  175 8053 1 409 196.25  

1.5 
Topsoil harvesting (including vegetative 
component) 525 175 0 -    175 0 

                           
-    175 0 

                                
-    175 0           -    175 0                 -    

1.6 Stockpile topsoil  525 6 0 -    6 0 
                           
-    6 0 

                                
-    6 0        -    6 0 

                            
-    

1.7 Install nets to topsoil stockpiles 525 6 56000 336 000.00  6 61600   369 600.00  175 67760 11 858 000.00  175 74536 13 043 800.00  0 81990 
                            
-    

1.8 Net maintenance 525 6 5000 30 000.00  12 5500 66 000.00  12 6050 72 600.00  6 6655 39 930.00  6 7321 43 923.00  

1.9 Remove nets, repair for re use 525 0 12000           -    0 13200 
                           
-    6 14520   87 120.00  6 15972 95 832.00  175 17569  3 074 610.00  

1.10 Install repaired nets  to topsoil stockpiles 525 0 7500   -    0 8250 
                           
-    6 9075    54 450.00  0 9983      -    175 10981 1 921 631.25  

1.11 Broadcast seeding (380 000 seeds per ha) 525 6 3500    21 000.00  6 3850 23 100.00  6 4235    25 410.00  175 4659 815 237.50  175 5124  896 761.25  

1.12 Restoration Packs (1000/ha) 525 0 30000     -    0 33000 
                           
-    175 36300 6 352 500.00  175 39930 6 987 750.00  175 43923 7 686 525.00  

1.13 Transplants(1000/ha) 525 0 15000       -    0 16500 
                           
-    175 18150 3 176 250.00  175 19965 3 493 875.00  175 21962 3 843 262.50  

1.14 Established produced plants (1000/ha) 525 0 5500         -    0 6050 
                           
-    175 6655 1 164 625.00  175 7321 1 281 087.50  175 8053 1 409 196.25  

1.15 Maintain transplanted nursery plants  525 0 3500     -    0 3850 
                           
-    175 4235 741 125.00  175 4659 815 237.50  175 5124 896 761.25  

1.16 Maintain seeding 525 6 1750 10 500.00  6 1925 11 550.00  181 2118 383 267.50  175 2329 407 618.75  175 2562 448 380.63  

    
 

730   1 039 500.00  911 
 

2 235 200.00  1967   24 745 105.00  2118 
 

27 907 077.00  2287 
 

21 240 430.75  

7 Scientific components, quality assurance, monitoring and reporting  

7.1 Recruitment & training 
 

    50 000.00    
 

  
 

  
 

  
 

    
 

  

7.2 Soils study 
 

    75 000.00    
 

  
 

  
 

  
 

    
 

  

7.3 Vegetation study 
 

    25 000.00    
 

  
 

  
 

  
 

    
 

  

7.4 
Develop trails and monitor & evaluation 
protocols & Reporting 

 
    500 000.00    

 
  

 
  

 
  

 
    

 
  

7.5 
Develop detail specification for 
implementation 

 
    150 000.00    

 
  

 
  

 
  

 
    

 
  

7.5.2 
Quality control: assessment of restoration 
implementation 

 
    150 000.00    

 
165 000.00  

 
  250 000.00    

 
275 000.00    

 
302 500.00  

7.6 Monitoring of entire area - satellite 
 

    
 

  
 

  
 

  
 

  
 

    
 

  

7.6.1 Monitoring of entire area - ground 
 

    260 000.00    
 

      
 

            

7.7 Additional research : Provision 
 

    
 

  
 

250 000.00      275 000.00              

7.8 
Evaluation of additional research & 
Reporting 

 
    

 
  

 
75 000.00      82 500.00      90 750.00      99 825.00  

7.8.1 Analysis & reporting of research trials 
 

    
 

  
 

      
 

            

7.8.2 
Planning &  specifications for 
implementation 

 
    

 
  

 
379 500.00      417 450.00              

7.9 Support & Mentoring of implementation 
 

    
 

  
 

      
 

            

7.9.1 
Adjust  detail specification for 
implementation 

 
    

 
  

 
50 000.00      50 000.00              
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          1 210 000.00      919 500.00      1 074 950.00      365 750.00       402 325.00  

  Sub Total 
 

    2 249 500.00    
 

3 154 700.00      25 820 055.00    
 

28 272 827.00    
 

21 642 755.75  

  VAT 

 
    314 930.00    

 
441 658.00  

 
  3 614 807.70    

 
 3 958 195.78    

 
3 029 985.81  

  Total Amount       2 564 430.00      3 596 358.00      29 434 862.70      32 231 022.78      24 672 741.56  

8 
Plant production Nursery and Seed farm 

  

8.1 
Material required to establish Nursery 
infrastructure 

 
    200 000.00    

 
  

 
  

 
  

 
    

 
  

8.2 Provision for water consumption 
 

    72 000.00    
 

79 200.00  
 

  87 120.00    
 

 95 832.00    
 

105 415.20  

8.3 Provision of materials  
 

    80 000.00    
 

88 000.00  
 

  96 800.00    
 

106 480.00    
 

117 128.00  

8.4 Equipment hire (Preparation) 
 

    20 000.00    
 

 22 000.00  
 

  24 200.00    
 

 26 620.00    
 

29 282.00  

8.5 Equipment hire LDV 
 

    109 200.00    
 

120 120.00  
 

  132 132.00    
 

145 345.20    
 

159 879.72  

8.6 Staff for Nursery 
 

     272 160.00    
 

99 376.00  
 

  329 313.60    
 

362 244.96    
 

398 469.46  

8.7 On Site Manager 
 

    151 200.00    
 

166 320.00  
 

  182 952.00    
 

201 247.20    
 

221 371.92  

8.8 Consultation and Management 
 

    183 285.71    
 

201 614.29  
 

  221 775.71    
 

243 953.29    
 

268 348.61  

          1 087 845.71      976 630.29       1 074 293.31      1 181 722.65      1 299 894.91  

 


