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1.0 INTRODUCTION 
Golder Associates (Golder) was appointed by Exxaro Coal to conduct a visual impact assessment (VIA) for 
the proposed Turfvlakte Coal Project at Grootegeluk Coal Mine, near the town of Lephalale in the Limpopo 
Province, South Africa.  

The VIA forms part of the larger Environmental and Social Impact Assessment (ESIA) process, which is aimed 
at obtaining the necessary rights and authorisations to undertake the proposed project. This report presents a 
visual baseline description of the study area and surrounding landscape and an impact assessment for the 
proposed project activities.  

1.1 Location of Project Site 
The farm Turfvlakte 463 is located approximately 16 km west of the town of Lephalale in the Limpopo 
Province. The affected portion of the farm is 427 ha in extent and is positioned at the centre of a development 
triangle formed by the neighbouring Grootegeluk Coal Mine, Eskom’s Matimba and Medupi Power Stations, 
and various facilities associated with these operations.  

Figure 1 provides a map showing the regional location of Turfvlakte and Grootegeluk Coal Mine.  

 
Figure 1: Regional location of the Turfvlakte property (red) and the adjacent Grootegeluk Coal Mine (dotted black) 
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2.0 DELINEATION OF THE VISUAL STUDY AREA 
The study area for the VIA comprises the spatial extent of the project footprint and related activities, as well as 
an associated buffer area. A visual impact will be caused by all visible infrastructural components and 
activities that will take place as part of the project, as well as all areas where the physical appearance of the 
landscape will be altered by earthworks and construction activities. In these areas, the existing land cover will 
be replaced, or the environment will be physically altered and will therefore be visually directly impacted. The 
areas from which these proposed landscape alterations are expected to be visible are therefore within the 
visual study area.  

For the purposes of this scoping report and the forthcoming impact assessment, the study area was defined 
as a 10 km radius around the physical footprint of all surface components of the project. The distance of  
10 km was selected based on the fact that the human eye cannot distinguish significant detail beyond this 
range. Although it may be possible to see over greater distances from certain elevated locations, such as 
hilltops, visual impacts such as man-made structures or artificial landforms that are this far away from the 
viewer are no longer clearly discernible or are at most inconspicuous. For this reason, the visual impact 
beyond this range is considered to be negligible. In line with this, we consider two spatial scales:  

 The term ‘project site’ or ‘sites’ refers to the areas that will be physically affected by the proposed mine 
infrastructure and activities (i.e. development / rehabilitation footprints); and  

 The term “study area” refers to the area that will potentially be visually affected by the project and 
represents the 10 km radius buffer around the visible components of the mine.  

Figure 2 shows the delimits of the two spatial areas. 

3.0 STUDY METHODOLOGY 
The VIA specialist study conducted for the purposes of this EIA was conducted following the methodology: 

 Describing the landscape character or visual baseline based on: 

 Photographs of the project site and larger study area were taken during two field visits conducted 
from 29th January to 2nd February 2018, and from the 11th to 15th June 2018; and 

 A review of available aerial photography and topographical maps as well as previous studies, in 
terms of: 

− Natural elements; and 

− Human-made elements. 

 Determining the visual resource value of the landscape in terms of: 

 The topographical character of the site and its surroundings and potential occurrence of landform 
features of interest; 

 The presence of water bodies within the study area;  

 The general nature and level of disturbance of existing vegetation cover within the study area; and 

 The nature and level of human disturbance and transformation evident. 

 Determine the visual absorption capacity of the receiving visual landscape; 

 Determining the receptor sensitivity to the proposed project; 
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 Determine the magnitude of the impact, by considering the proposed project in terms of aspects of VIA, 
namely: 

 Visibility; 

 Visual intrusion; and 

 Visual exposure. 

 Assessing the impact significance by relating the magnitude of the visual impact to its: 

 Duration;  

 Severity; and 

 Geographical extent. 

To recommend mitigation measures to reduce the potential visual impacts of the project. 

4.0 ASSUMPTIONS AND LIMITATIONS 
The following qualification is relevant to the field of VIA and the findings of this study: 

 Determining the value, quality and significance of a visual resource or the significance of the visual 
impact that any activity may have on it, in absolute terms, is not achievable. The value of a visual 
resource is partly determined by the viewer and is influenced by that person’s socio-economic, cultural 
and specific family background, and is even subject to fluctuating factors, such as emotional mood. This 
situation is compounded by the fact that the conditions under which the visual resource is viewed can 
change dramatically due to natural phenomena, such as weather, climatic conditions and seasonal 
change.  

Visual impact cannot therefore be measured simply and reliably, as is for instance the case with water, noise 
or air pollution. For this reason, it is impossible to conduct a visual assessment without relying to some extent 
on the expert professional opinion of a qualified consultant, which is inherently subjective. The subjective 
opinion of the visual consultant is however unlikely to materially influence the findings and recommendations 
of this study, as a wide body of scientific knowledge exists in the industry of VIA, on which findings are based. 
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Figure 2: The Turfvlakte Project Site and proposed infrastructure (delineated in bright colours) and Study Area used for the visual impact assessment (Note presence of existing infrastructure/facilities at Grootegeluk Coal Mine and Medupi and Matimba 
Power Stations)  
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5.0 BASELINE VISUAL ENVIRONMENT 
The visual baseline assessment was based on data collected during two field visits and an assessment of 
photographs and Google Earth imagery. During the field visits, the project site was traversed on foot and in a 
vehicle. To determine the visual resource value, specific attention was given to the aspects listed below: 

 The nature of the existing vegetation cover in terms of its overall appearance, density and height, and 
level of disturbance; 

 The general topographical character of the study area including prominent or appealing landforms, and 
their spatial orientation in terms of the project sites; 

 The nature and level of human transformation or disturbance of the study area; 

 The location, physical extent and appearance of water bodies within the study area, if present; and 

 The perceived level of compatibility of existing land uses in terms of the study area and each other. 

This section provides a brief overview of the visual baseline environment and context in which the proposed 
project will take place.  

5.1 General Landscape Characteristics 
The study area is characterised by a mixture of completely transformed and developed sites that are 
associated with Grootegeluk Coal Mine, the Eskom Power Stations (Matimba and Medupi) and the Marapong 
residential area, as well as large tracts of undeveloped natural bushveld, that are under either game or 
livestock management.  

The Turfvlakte project site itself comprises natural bushveld, with levels of transformation and disturbance that 
are almost negligible. Disturbances are mostly limited to a network of game viewing vehicle tracks and several 
relatively small exploration drill pads that have recently been cleared of vegetation. 

5.2 Topography 
The topography of the Turfvlakte project site and much of the surrounding landscape is generally flat, with 
slight undulations associated with drainage features (Figure 3). Average elevation ranges from about 898 m 
above sea level (mamsl) in the north to 888 m in the south, while on an east – west axis elevation ranges from 
885 m to 895 m. Alterations in local topography are typically associated with the various built infrastructure of 
the mine, such as the discard dumps. These rise prominently from the surrounding landscape. 

 
Figure 3: View across the Turfvlakte project site from the elevated conveyor bridge (Note Medupi Power Station 
and the conveyor linking Medupi to Grootegeluk Coal Mine) 



August 2019 1784950-323163-7 - Rev1 

 

 
 

 6 
 

5.3 Atmospheric Conditions 
A further aspect of the visual baseline that needs to be considered is that of atmospheric conditions, as this 
factor can greatly influence how a landscape is perceived by viewers, as well as the range over which views 
are possible. Humidity is of a medium range and cloud-cover over the region is moderate for much the year, 
allowing for generally clear visibility, although hazy days do occur. Wild fires are not particularly common and 
are mainly restricted to the dry, winter months. 

5.4 Hydrology (Drainage Features) 
Lephalale is a summer rainfall region, with most rain falling between October and April. Mean annual 
precipitation ranges between 350 mm to 500 mm across the region. Winters are very dry and frost is 
infrequent.  

The Limpopo River is located about 30 km to the north of the project site and constitutes the major drainage 
feature in the region. Locally, the Mokolo River (formerly the Mogol River), which is located to the west of the 
project site, is fed by numerous other small rivers and drainage lines, and ultimately drains into the Limpopo 
River. Apart from a single borehole fed waterhole (see Figure 4), there are no permanent natural surface 
water features in the project site. There are however several natural depressions (Figure 5) that temporarily 
hold water after heavy rains and are used by game for drinking and wallowing.  

 
Figure 4: Borehole-fed waterhole is the only feature in 
the project area to hold permanent water 

 
Figure 5: Natural ephemeral pan, used by game for 
drinking and wallowing 

5.5 Vegetation Characteristics 
The study area is located in the Limpopo Sweet Bushveld vegetation types of the savanna biome (Mucina and 
Rutherford, 2006). In undeveloped areas, vegetation is fairly open and characterised by a well-developed tree 
component (tree height generally ranging from 2 m to 5 m), comprising both fine-leafed and broad-leafed 
species, and an herbaceous layer consisting of grasses and forbs. Patches of thicket (dense, closed 
vegetation) are also present. Refer to Figure 6 and Figure 7. 
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Figure 6: Typical bushveld vegetation in the project 
site and much of the surrounding study area 

 
Figure 7: Closed vegetation in the project site 

5.6 General Land Cover and Land Uses 
An assessment of land cover imagery (Geoterra Imagery) indicates that outside of areas that have been 
completely transformed, the majority of the study area is characterised by undisturbed natural vegetation that 
is classified as ‘woodland/open bush’- refer to Figure 8. Prominent features that contribute to the visual 
character of the project site and within a 10 km radius around the site include:  

 Existing Grootegeluk Coal Mine infrastructure, including tailings storage facilities, processing plants, 
material and overburden stockpiles, conveyors and railway facilities;  

 Eskom’s Matimba and Medupi Power Stations, as well as associated supporting infrastructure, including 
electrical power lines; and 

 The Marapong and Onverwacht residential areas, which are located 3.5 km east and 8 km south-east of 
the project site, respectively. 

5.7 Protected Areas 
A number of statutorily declared nature reserves, as well as informal conservation areas are present in the 
broader region surrounding the study area. These include Marakele National Park, D’Nyala Nature Reserve, 
Welgevonden Private Nature Reserve, Hans Strijdom Nature Reserve and the neighbouring Tierkop Private 
Nature Reserve. Other noteworthy conservation considerations in the region include the Waterberg System 
Important Bird Area (IBA) and the Waterberg Biosphere Reserve.   
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Figure 8: GeoTerra Imagery and land cover classification of the study area
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6.0 STUDY AREA VISUAL RESOURCE VALUE 
Visual resource value refers to the visual quality of elements of an environment, as well as the way in which 
combinations of elements in an environment appeal to our senses. Studies in perceptual psychology have 
shown an affinity for landscapes with a higher visual complexity, rather than homogeneous ones (Young, 
2004). Furthermore, based on research of human visual preference (Crawford, 1994), landscape quality 
increases when:  

 Prominent topographical features and rugged horizon lines exist;  

 Water bodies such as streams or dams are present;  

 Untransformed indigenous vegetation cover dominates; and 

 Limited presence of human activity, or land uses that are not visually intrusive or dominant prevail. 

Further to these factors, Table 1 indicates criteria used for visual resource assessment. The assessment 
combines visual quality attributes (views, sense of place and aesthetic appeal) with landscape character and 
gives the landscape a high, moderate or low visual resource value.  

Table 1: Visual resource value criteria 

Visual Resource Value Criteria 

High (3) Pristine or near-pristine condition/little to no visible human intervention visible/ 
characterised by highly scenic or attractive natural features, or cultural heritage 
sites with high historical or social value and visual appeal/characterised by 
highly scenic or attractive features/areas that exhibit a strong positive character 
with valued features that combine to give the experience of unity, richness and 
harmony. These are landscapes that may be considered to be of particular 
importance to conserve and which may be sensitive to change. 

Moderate (2) Partially transformed or disturbed landscape/human intervention visible but does 
not dominate view or is characterised by elements that have some socio-cultural 
or historic interest but that is not considered visually unique/scenic appeal of 
landscape partially compromised/noticeable presence of incongruous 
elements/areas that exhibit positive character but which may have evidence of 
degradation/erosion of some features resulting in areas of more mixed 
character. These landscapes are less important to conserve but may include 
certain areas or features worthy of conservation. 

Low (1) Extensively transformed or disturbed landscape/human intervention is of visually 
intrusive nature and dominates available views/scenic appeal of landscape 
greatly compromised/visual prominence of widely disparate or incongruous land 
uses and activities/areas generally negative in character with few, if any, valued 
features. Scope for positive enhancement frequently occurs. 

 

An analysis of the visual resource value of the study area vis-á-vis the tabulated factors is discussed below. 
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6.1 Visual Resource Value Analysis 
Topography 
The natural topography of the landscape is generally flat, with slight undulations associated with drainage 
features. Prominent landforms, like hills and mountains, are expected to be visually distinctive and therefore 
likely have a higher visual resource value, whereas the flat, rolling plains of the study area, are considered to 
have a low visual resource value: 

 The topographic value of the study area therefore has a low value. 

Hydrology 
No prominent water drainage or holding features are present in the project site. In the immediate surrounding 
area, there are a number of small ephemeral drainage lines, as well as the more pronounced Sandloop River, 
which flows in a north-east direction approximately about 6 km from the project site and joins the Mokolo River 
(Mogol) north of Lephalale. These features are not significant within the overall visual context: 

 The visual resource value of the study area’s hydrology is therefore considered to be low. 

Vegetation Cover  
Vegetation in the study area is generally characterised by typical savanna vegetation, comprising a field layer 
dominated by grasses, and a distinct upper layer of woody trees and shrubs. Outside of directly transformed 
and developed sites, natural habitat has been left largely unaltered over much of the study area: 

 The visual resource value of the study area’s vegetation cover is therefore expected to be high. 

Land use 
Conservation (Manketti Nature Reserve, et al.) and livestock farming are the prevailing land uses on non-
developed farms across the study area. Although these operations inherently invoke a natural and wild 
aesthetic, the presence of large scale mining and power generation operations (i.e. Grootegeluk, Medupi and 
Matimba), and associated anthropogenic activity and vehicle traffic largely negates any broader wilderness 
aesthetic in the study area: 

 The visual resource value of the study area’s land use is considered to be moderate.  

6.2 Summary 
In summary, the visual resource value of the study area is expected to range from low to high. Higher value 
areas are likely to occur in well-wooded, more secluded sites where views of the mine and power station are 
largely obscured. The majority of the study area, however, will have a visual resource value ranging from low 
to moderate. 

Table 2: Visual resource value determination 

Visual baseline 
attribute 

Topography Water bodies Vegetation Land uses 

Visual resource 
value score 

1 (low) 1 (low) 3 (high) 2 (moderate)  

Total 7 (moderate) 
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Where: 

 4 – 6 = Low; 

 7 – 9 = Moderate; and 

 10 – 12 = High. 

Based on the above score ranges, the overall visual resource value of the study area is rated as MODERATE 
(7).  

7.0 VISUAL ABSORPTION CAPACITY  
Visual Absorption Capacity (VAC) can be defined as an “estimation of the capacity of the landscape to absorb 
development without creating a significant change in visual character or producing a reduction in scenic 
quality” (Oberholzer, 2008). The ability of a landscape to absorb development or additional human intervention 
is primarily determined by the nature and occurrence of vegetation cover, topographical character and human 
structures.  

A further major factor is the degree of visual contrast between the proposed new project and the existing 
elements in the landscape. If, for example, a visually prominent industrial development already exists in an 
area, the capacity of that section of landscape to visually “absorb” additional industrial structures is higher 
than that of a similar section of landscape that is still in its natural state. VAC is therefore primarily a function 
of the existing land use and cover, in combination with the topographical ruggedness of the study area and 
immediate surroundings. 

Despite the flat topography and the visually unaltered vegetation cover in the project site and across a large 
portion of the surrounding landscape, the visual prominence of infrastructure associated with Grootegeluk 
Mine and the two Eskom power stations combine to dominate the immediate landscape. It is anticipated that 
the capacity of these features to visually ‘absorb’ additional infrastructure is substantial, and accordingly, the 
VAC of the study area is rated high. 

7.1 Visual Absorption Capacity Weighting Factor 
In order to account for the fact that visual impacts are expected to be more intrusive in landscapes with a 
lower VAC than in those with a higher VAC (regardless of the visual quality of the landscape), a weighting 
factor is incorporated into the impact magnitude determination, as indicated in Table 3. 

Table 3: Visual absorption capacity weighting factor table 

Visual resource value of 
receiving landscape 

Low VAC Moderate VAC High VAC 

High resource value High (1.2) High (1.2) Moderate (1.0) 

Moderate resource value High (1.2) Moderate (1.0) Low (0.8) 

Low visual resource value Moderate (1.0) Low (0.8) Low (0.8) 

 

The visual resource value of the study area has been determined to be MODERATE (refer to Section 6.2), 
while the VAC of the study area has been rated as HIGH (refer to section 7.0). Hence, a LOW (0.8) weighting 
factor in terms of VAC is applied during the impact assessment.  
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7.2 Visual Receptor Sensitivity 
7.2.1 Receptor Groups 
Potential viewers or visual receptors, are people that might see the proposed development, as visual impact is 
primarily an impact concerned with human interest. Receptor sensitivity refers to the degree to which an 
activity will actually impact on receptors and depends on how many persons see the project, how frequently 
they are exposed to it and their perceptions regarding aesthetics. Receptors of the proposed mining 
development can be broadly categorised into two main groups, namely: 

 People who live or work in the area, and who will be frequently exposed to the project components 
(resident receptors); and 

 People who travel through the area and are only temporarily exposed to the project components 
(transient receptors). 

Resident Receptors 
Two prominent and well-populated residential areas are present within the study area. These are: 

 Marapong village – the entire village is located within the study area (i.e. within the 10 km buffer around 
the project site) - see Figure 9; and 

 Onverwacht residential area – the western edge of Onverwacht falls within the study area (Figure 9). 

Other resident receptors include farmer owners, managers and workers that occupy the numerous rural 
homesteads that are scattered on farms throughout the study area (Figure 9).  

Transient Receptors 
A large proportion of people working at Grootegeluk Coal Mine and the Eskom Power Stations are likely to 
commute to these operations on a daily basis from outside the study area - many people will reside in 
Lephalale and its outlying suburbs (e.g. Onverwacht) on a permanent basis, while others (e.g. contract 
workers) will stay in local guest houses and hotels on a temporary basis.  

Other envisaged transient receptors include local farmers living to the north of the study area, and 
international and local tourists that traverse the gravel district road connecting Lephalale to the Stockpoort 
Border Post.  
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Figure 9: Location of prominent receptors in study area in relation to the proposed project infrastructure 



August 2019 1784950-323163-7 - Rev1 

 

 
 

 14 
 

7.2.2 Receptor Sensitivity and Incidences 
The visual receptor sensitivity and incidence can be classified as high, moderate or low, as indicated in 
Table 4. 

Table 4: Visual receptor sensitivity criteria 

Number of people that will see the project (incidence factor) 

Large Towns and cities, along major national roads (e.g. thousands of people). 

Moderate Villages, typically less than 1 000 people. 

Small Less than 100 people (e.g. a few households). 

Receptor perceived landscape value (sensitivity factor) 

High People attach a high value to aesthetics, such as in or around a game reserve or 
conservation area, and the project is perceived to impact significantly on this value of 
the landscape. 

Moderate People attach a moderate value to aesthetics, such as smaller towns, where natural 
character is still plentiful and in close range of residency. 

Low People attach a low value to aesthetics, when compared to employment opportunities, 
for instance. Environments have already been transformed, such as cities and towns. 

 

The following ratings have therefore been applied to the identified visual receptor groups: 

Resident Receptors 
Resident receptors comprise a large number of people (incidence factor) living in and around the study area: 

 People living in large residential areas (Marapong and Onverwacht) will probably attach a low to 
moderate value (sensitivity factor) to the project; and  

 People living in rural settings (farmers, etc.) will attach a high value (sensitivity factor) to the project. 

Transient Receptors  
The majority of people falling within the transient receptor category are expected to be directly or indirectly 
employed at the mine or adjacent power stations. We anticipate that these people will probably be positively, 
or at the very least, neutrally disposed toward Exxaro’s and Eskom’s local operations.   

Based on the above, a moderate to high number of people (incidence factor) are expected to be visually 
affected by the project, but the overall perceived landscape value (sensitivity factor) will be low. 

7.2.3 Receptor Sensitivity Weighting Factor 
To determine the magnitude of a visual impact, a weighting factor that accounts for receptor sensitivity is 
determined (Table 5), based on the number of people that are likely to be exposed to a visual impact 
(incidence factor) and their expected perception of the value of the visual landscape and project impact 
(sensitivity factor). 
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Table 5: Weighting factor for receptor sensitivity criteria 

Number of people that will see the project (incidence factor) 

Large Moderate Small 

Receptor perceived 
landscape value  
(sensitivity factor) 

High High (1.2) High (1.2) Moderate (1.0) 

Moderate High (1.2) Moderate (1.0) Low (0.8) 

Low Moderate (1.0) Low (0.8) Low (0.8) 

Based on the receptor sensitivity assessment and the above criteria, a MODERATE weighting factor (1.0) in 
terms of this aspect is applied during the impact magnitude determination. 

8.0 IMPACT ASSESSMENT 
8.1 Impact Identification 
The following potential visual impacts that may occur during the construction, operational and 
decommissioning/closure phases of the mine have been identified. Note that for the purposes of this 
assessment, the potential impacts of the construction and operational phases have been grouped together, as 
they are expected to be largely similar in nature, although potentially of varying magnitude. 

8.1.1 Construction and Operational Phases 
 Reduction in visual resource value due to presence of the supporting infrastructure (offices, parking bays, 

storage units) in the infrastructure servitude;

 Reduction in visual resource value due to the topsoil stockpile;

 Formation of dust plumes as a result of construction activities, soil stripping and subsequent mining; and

 Light pollution at night. 

8.1.2 Decommissioning and Closure Phase 
 Reinstatement of visual resource value due to dismantling of supporting infrastructure and subsequent

rehabilitation of footprint areas;

 Permanent alteration of site topographical and visual character of due to presence of mined areas; and

 Visible dust plumes during rehabilitation.

8.2 Impact Magnitude Criteria 
The magnitude of a visual impact is determined by considering the visual resource value and VAC of the 
landscape within which the project will take place, the receptors potentially affected by it, together with the 
level of visibility of the project components, their degree of visual intrusion and the potential visual exposure of 
receptors to the project, as further elaborated below:  

8.2.1 Theoretical Visibility 
The level of theoretical visibility (LTV) is defined as the sections of the study area from which the proposed 
project or its constituent elements may be visible. This was determined by conducting viewshed analyses and 
using Geographic Information System software with three-dimensional topographical modelling capabilities: 
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 The basis of a Viewshed analysis is a good Digital Elevation Model (DEM). The DEM for this Viewshed
analysis was derived from 5 m contour lines, as per the National Geo-spatial Information (NGI); and

 A 10 km area surrounding the site was used.

Viewsheds were developed for the proposed project based on the indicated infrastructure locations and 
heights (refer to Table 6). In this fashion, the LTV based on the results of the Viewshed analysis was then 
rated as shown in Table 7. 

The Viewshed was modelled on the above-mentioned DEM, adjusted to include the proposed site layout, 
using Esri ArcGIS for Desktop software, 3D Analysist Extension. The viewsheds have been parsed, with 
Figure 10 showing the results for the proposed plant and other built infrastructure (including the ROM 
stockpile) and Figure 11 showing the proposed mine dumps and major stockpiles.  

It is noted that the viewshed analyses do not factor in the screening effect of existing vegetation, and therefore 
represents a ‘worst-case” scenario. While the average height of the dense, closed Bushveld vegetation is 
relatively low ranging from 2 m to 5 m, its screening effect (especially in terms of lower structures less than 
two to three stories in height) over larger distances, is nevertheless notable.  

Table 6: Estimated heights of proposed site infrastructure 

Facility Name Height (m above ground) 

Supporting infrastructure (offices, storage units) 6 

Topsoil stockpile 40 

Table 7: Level of visibility rating 

Level of theoretical visibility of project element Visibility rating 

Less than a quarter of the total project study area Low 

Between a quarter and half of the study area Moderate 

More than half of the study area High 
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Figure 10: Viewshed from the proposed topsoil stockpile and supporting infrastructure (within infrastructure servitude) 
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8.2.1.1 Construction and Operational Phase Impacts 
 Supporting Infrastructure: Supporting infrastructure will include inter alia; site offices, parking bays, and 

associated storage units. The projected heights for these features are set at six metres. The viewshed 
indicates these facilities may be visible from locations in the western portions of Onverwacht. However, 
plant infrastructure will not be visible from locations in the majority of the study area – see Figure 10. The 
LTV of the plant is therefore rated at low, in line with the criteria set out in Table 7;

 Topsoil Stockpile: At the onset of the construction phase the visual influence of this facility will be 
minimal. However, as soil stripping progresses ahead of mining, the influence on the topsoil stockpile on 
the visual landscape will gradually escalate, with a projected final height of 40 m. This fairly large and tall 
facility will be readily visible throughout much of the study area, including Marapong and Onverwacht. 
Collectively, the LTV of the topsoil stockpile is therefore rated high. It is noted however, that the screening 
effect of the dense existing vegetation cover will reduce the level of visibility over longer distances to some 
degree, and the high LTV is therefore considered a “worst-case” scenario;

 Formation of dust plumes: During construction and operations, especially during dry and windy 
conditions, it is expected that activities on site will result in airborne dust plumes, which may be visible 
over great distances, often far greater than the activity that is causing it and may therefore be highly 
visible within the study area. However, for the most part airborne dust clouds only last for short periods of 
time, during windy conditions or as a result of short-duration, large-scale earthwork activities. For this 
reason, the overall/average level of visibility of dust plumes associated with mining construction and 
operations is expected to be moderate; and

 Light pollution at night: The degree to which light pollution will be visible is expected to be similar to that 
of the plant as most of the fixed/permanent lighting will occur here, although lighting of operational areas 
and vehicle lights will also play a role. For this reason, the level of visibility of light pollution is expected to 
be moderate during the construction and operational phases.  

8.2.1.2 Decommissioning and Closure Phase Impacts 

 Dismantling of supporting infrastructure and subsequent rehabilitation of footprint areas: During
decommissioning, all supporting infrastructure will be dismantled, removed and the affected footprint
areas will be rehabilitated, which will include active revegetation. Post closure, this is rated as low;

 Permanent alteration of site topographical and visual character due to presence of mined areas:
Roll over mining will be practiced during the operational phase. Upon completion of mining, most of the
disturbance footprints of each pit will be shaped, placed with topsoil and then actively revegetated. Voids
however, will remain across part of Pit 1 and Pit 2 at closure. These will be enclosed by an enviro-bund.
The LTV of the rehabilitated mined areas is rated low; and

 Dust plume: Rehabilitation activities are also expected to cause airborne dust, however at a lower
frequency, smaller scale and much shorter time period than during operations. Nevertheless, the visibility
of this impact is still expected to be moderate within the study area.

8.2.2 Visual Intrusion 
Visual intrusion deals with how well the project components fit into the ecological and cultural aesthetic of the 
landscape as a whole. An object will have a greater negative impact on scenes considered to have a high 
visual quality than on scenes of low quality because the most scenic areas have the "most to lose". 

The visual impact of a proposed landscape alteration also decreases as the complexity of the context within 
which it takes place, increases. 
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If the existing visual context of the site is relatively simple and uniform any alterations or the addition of 
human-made elements tend to be very noticeable, whereas the same alterations in a visually complex and 
varied context do not attract as much attention. Especially as distance increases, the object becomes less of a 
focal point because there is more visual distraction, and the observer's attention is diverted by the complexity 
of the scene (Hull and Bishop, 1998). The expected level of visual intrusion of each of the project components 
is assessed below. 

8.2.2.1 Construction and Operational Phase Impacts 

 Supporting Infrastructure: Supporting infrastructure will comprise various buildings and facilities of
Euclidean engineering (i.e. geometric in shape). These will contrast sharply with the immediate natural
landscape. However, considering the complexity of the broader landscape owing to the existing presence
of Grootegeluk Mine and the two Eskom power stations, the level of visual intrusion of the plant is
expected to be low;

 Topsoil Stockpile: The expected height and large footprint area of the topsoil stockpile will attract
attention to this area. However, as discussed above, the broader landscape is already very complex on
account of existing infrastructure. The additional stockpile is thus expected to be only moderately
intrusive within the visual landscape;

 Formation of dust plumes: Large dust plumes are often one of the more socially objectionable impacts
associated with opencast mining, due to the associated potential health risks, nuisance factor and
degradation of the visual amenity value of the surrounding landscape. Existing operations at Grootegeluk
and the adjacent power stations generate dust. This impact is expected to be moderately intrusive from a
visual perspective; and

 Light pollution at night: As with dust pollution, light pollution can be a highly objectionable night-time
impact in rural landscapes. Both Medupi and Matimba Power Stations, as well as Grootegeluk Mine are
well-lit facilities. Hence, this impact has been rated as being low intrusive.

8.2.2.2 Decommissioning and Closure Phase Impacts 

 Dismantling of plant infrastructure and subsequent rehabilitation of footprint areas: The
dismantling and removal of supporting infrastructure coupled with rehabilitation will have a positive visual
impact compared to that of operations, and to a large extent reinstate the original visual character of the
affected footprint areas. Hence, the resultant level of visual intrusion of the end state of these areas is
expected to be negligible;

 Permanent alteration of site topographical and visual character of due to presence of mined
areas: Roll over mining will be practiced during the operational phase. Upon completion of mining, most
of the disturbance footprints at each pit will be shaped, placed with topsoil and then actively revegetated.
Voids however, will remain across part of Pit 1 and Pit 2 at closure. These will be enclosed by an enviro-
bund. The visual intrusion of these rehabilitated mined areas is rated as low; and

 Dust plume: As is the case during operations, visible dust plumes during post-mining rehabilitation are
expected to be highly intrusive, although expected to occur less frequently.

8.2.3 Visual Exposure 
The visual impact of a development diminishes at an exponential rate as the distance between the observer 
and the object increases – refer to Figure 11. Relative humidity and fog in the area directly influence the 
effect. Increased humidity causes the air to appear greyer, diminishing detail. Thus, the impact at 1 000 m 
would be 25% of the impact as viewed from 500 m. At 2 000 m it would be 10% of the impact at 500 m. 
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The inverse relationship of distance and visual impact is well recognised in visual analysis literature (Hull, R.B 
and Bishop, I.E, 1998) and was used as important criteria for this study. 

Thus, visual exposure is an expression of how close receptors are expected to get to the proposed 
interventions on a regular basis. For the purposes of this assessment, close range views (equating to a high 
level of visual exposure) are views over a distance of 500 m or less, medium-range views (equating to a 
moderate/medium level of visual exposure) are views of 500 m to 2 km, and long range views are over 
distances greater than 2 km (low levels of visual exposure). 

Figure 11: Visual Exposure Graph 

8.2.3.1 Construction and Operational Phase Impacts 
All identified impacts: Scattered rural homesteads and a portion of Marapong are located within 2 km of 
proposed mine infrastructure. For the purposes of this assessment visual exposure in terms of all identified 
impacts has therefore been rated as moderate. 

8.2.3.2 Decommissioning and Closure Phase Impacts 
All identified impacts: As is the case with the construction and operations phase impacts, a significant 
number of visual receptors will be located within 2 km of the main project elements and visual exposure to the 
rehabilitation/closure related impacts is therefore rated as moderate. 

8.3 Impact Magnitude Methodology 
The expected impact magnitude of the proposed project was rated, based on the above assessment of the 
visual resource value of the site, as well as level of visibility, visual intrusion, visual exposure and receptor 
sensitivity as visual impact criteria. The process is summarised below: 

 Magnitude = [(Visual quality of the site x VAC factor) x (Visibility + Visual Intrusion + Visual Exposure)] x
Receptor sensitivity factor; and

 Thus: [(1 x Factor 1.0) x (1 + 1 + 1)] x Factor 1 = 3.

From the above equation the maximum magnitude point (MP) score is 38.9 points. The possible range of MP 
scores is then categorised as indicated in Table 8. 
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Table 8: Impact magnitude point score range 

MP Score Magnitude rating 

20.1≤ High 

13.1 - 20.0 Moderate 

6.1 - 13.0 Low 

≤6.0 Negligible 

8.4 Impact Magnitude Determination 
Based on the visual resource, VAC, receptor sensitivity and impact assessment criteria assessed in the 
preceding sections, the magnitude of the various impacts identified was determined for each phase of the 
project. Consequently, the impact magnitude determination for the construction and operational phases and 
for the closure phase is presented in Table 9. 
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Table 9: Construction and operational phases - impact magnitude summary 

Visual impact Study area 
visual 
resource 
value 

VAC 
weighting 
factor 

Level of 
visibility 

Visual 
intrusion 

Visual 
exposure 

Receptor 
sensitivity 
factor 

Impact 
magnitude 
point score 

Reduction in visual resource value due to presence of 
the supporting infrastructure. 

2 0.8 1 1 2 1.0 6.4 

Reduction in visual resource value due to the topsoil 
stockpile.  

2 0.8 3 2 2 1.0 11.2 

Formation of dust plumes as a result of construction 
activities, soil stripping and subsequent mining. 

2 0.8 2 2 2 1.0 9.6 

Light pollution at night. 2 0.8 2 1 2 1.0 8 

Where for: visual resource value, visibility, visual intrusion and visual exposure: high=3; moderate=2; low=1; and receptor sensitivity: high = factor 1.2; 
moderate = factor 1; low = factor 0.8 
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Table 10: Rehabilitation and closure phase - impact magnitude summary 

Visual impact Study area 
visual 
resource 
value 

VAC 
weighting 
factor 

Level of 
visibility 

Visual 
intrusion 

Visual 
exposure 

Receptor 
sensitivity 
factor 

Impact 
magnitude 
point score 

Reinstatement of visual resource value due to 
dismantling of supporting infrastructure and subsequent 
rehabilitation of footprint areas.  

2 0.8 1 0 2 1.0 4.8 

Permanent alteration of site topographical and visual 
character of due to presence of mined areas. 

2 0.8 1 1 2 1.0 6.4 

Visible dust plumes during rehabilitation. 2 0.8 2 2 2 1.0 9.6 

Where for: visual resource value, visibility, visual intrusion and visual exposure: high=3; moderate=2; low=1; and receptor sensitivity: high = factor 1.2; 
moderate = factor 1; low = factor 0.8 
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8.5 Impact Assessment Rating Methodology 
The significance of the identified impacts will be determined using the approach outlined below (terminology 
from the Department of Environmental Affairs and Tourism Guideline document on EIA Regulations, 
April 1998). This approach incorporates two aspects for assessing the potential significance of impacts, 
namely occurrence and severity, which are further sub-divided as indicated in Table 11. 

Table 11: Aspects considered to assess impact significance 

Occurrence Severity 

Probability of occurrence Duration of occurrence Scale/extent of impact Magnitude (severity) of 
impact  

To assess each of these factors for each impact, the following four ranking scales are used: 

Table 12: Ranking scales for assessment of occurrence and severity 

Probability Duration 

5 - Definite/don’t know 5 - Permanent 

4 - Highly probable 4 - Long-term 

3 - Medium probability 3 - Medium-term (8-15 years) 

2 - Low probability 2 - Short-term (0-7 years) (impact ceases after the operational life of the activity) 

1 - Improbable 1 – Immediate 

0 - None 

Scale Magnitude 

5 - International 10 - Very high/don’t know 

4 - National 8 - High 

3 - Regional 6 - Moderate 

2 - Local 4 - Low 

1 - Site only 2 - Minor 

0 - None N/A 

Once these factors are ranked for each impact, the significance of the two aspects, occurrence and severity, 
is assessed using the following formula: 

 SP (significance points) = (magnitude + duration + scale) x probability.

The maximum value is 100 significance points (SP). The impact significance will then be rated as follows: 
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SP >75 Indicates high environmental 
significance 

An impact which could influence the decision about 
whether or not to proceed with the project regardless 
of any possible mitigation 

SP 30 – 75 Indicates moderate 
environmental significance 

An impact or benefit which is sufficiently important to 
require management and which could have an influence on 
the decision unless it is mitigated. 

SP <30 Indicates low environmental 
significance 

Impacts with little real effect and which should not have an 
influence on or require modification of the project design. 

+ Positive impact An impact that constitutes an improvement over pre-project 
conditions. 

8.6 Determination of Impact Significance 
Using the above criteria, the results of the impact significance assessment before and after mitigation, for the 
Construction and Operation Phase, as well as Decommissioning and Closure phase impacts, are presented in 
Table 13. 

Recommended mitigation measures are discussed in section 9.0. 
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Table 13: Impact assessment before and after mitigation 

PHASE POTENTIAL VISUAL IMPACTS VISUAL SIGNIFICANCE 

Before mitigation After mitigation 

M D S P SP Rating M D S P SP Rating 

CONSTRUCTION 
AND OPERATION 
PHASE 

Reduction in visual resource value due to presence of 
the supporting infrastructure. 

4 3 2 5 45 Moderate 4 3 2 4 36 Moderate 

Reduction in visual resource value due to the topsoil 
stockpile.  

4 5 2 5 55 Moderate 4 5 2 5 55 Moderate 

Formation of dust plumes as a result of construction 
activities, soil stripping and subsequent mining. 

4 2 2 4 32 Moderate 2 2 2 3 18 Low 

Light pollution at night. 4 2 2 4 32 Moderate 2 2 1 3 15 Low 

 

DECOMMISSIONING 
AND CLOSURE 
PHASE 

Reinstatement of visual resource value due to 
dismantling of supporting infrastructure and subsequent 
rehabilitation of footprint areas.  

0 4 2 4 24 Low N.A. (decommissioning and 
rehabilitation measures constitutes 
visual mitigation) 

Permanent alteration of site topographical and visual 
character of due to presence of mined areas. 

2 5 2 3 27 Low N.A. (decommissioning and 
rehabilitation measures constitutes 
visual mitigation) 

Visible dust plumes during rehabilitation. 4 4 2 3 30 Moderate 4 3 2 2 18 Low  
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9.0 MITIGATION AND MONITORING MEASURES 
Visual mitigation of a mine can be approached in two ways, and usually a combination of the two 
methodologies is most effective. The first option is to implement measures that attempt to reduce the visibility 
of the sources of a visual impact. Thus, an attempt is made to "hide" the source of the visual impact from view, 
by placing visually appealing elements between the viewer and the source of the visual impact. 

The second option aims to minimise the degree or severity of the visual impact itself, and usually involves 
altering the source of the impact in such a way that it is smaller in physical extent and/or less intrusive in 
appearance. This can be done by decreasing the size of disturbances, such as stockpiles, dumps and 
buildings or by shaping, positioning, colouring and/or covering them in such a way that they blend in with the 
surrounding scenery to a certain degree. For instance, the visual impact of an artificial landform can be 
reduced somewhat by shaping it in an appropriate fashion, covering it with topsoil, re-seeding it with 
indigenous grasses, etc. 

Construction and operational mitigation possibilities are very limited for the proposed project, as a result of the 
scale and location of the mine, as well as the functional/operational requirements of the infrastructure and 
mining areas. Visual mitigation efforts should therefore be focussed on reducing the long-term post-closure 
impacts caused by the mine, through effective post-operational rehabilitation. 

The proposed visual mitigation measures for the construction, operational and decommissioning and closure 
phases are presented in Table 14. 

Table 14: Recommended Mitigation Measures 

Component  Mitigation Measures 

Construction Phase  

Dust Control  Water down haul roads and large bare areas as frequently as is 
required to minimise airborne dust; 

 Place a sufficiently deep layer of crushed rock or gravel at vehicle 
and machinery parking areas;  

 Apply chemical dust suppressants if deemed necessary;  

 Enforce a 40 km/h speed limit on-site for all vehicles; and 
 Implement a dust bucket fallout monitoring system. 

General Site Management  Maintain the construction site in a neat and orderly condition at all 
times;  

 Create designated areas for material storage, waste sorting and 
temporary storage, batching and other potentially intrusive activities;  

 Limit the physical extent of areas cleared for material laydown and 
vehicle parking as much as possible, and rehabilitate these area as 
soon as is feasible; and 

 Repair unsightly and ecologically detrimental erosion to steep or 
bare slopes as soon as possible, and re-vegetate these areas using 
a suitable mix of indigenous grass species. 
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Component  Mitigation Measures 

Operational Phase 

Management of Light Pollution   Utilise security lighting (if feasible) that is movement activated rather 
than permanently switched on, to prevent unnecessary constant 
illumination; 

 Plan the lighting requirements of the facilities to ensure that lighting 
meets the need to keep the site secure and safe, without resulting in 
excessive illumination; 

 Reduce the height and angle of illumination from which floodlights 
are fixed as much possible while still maintaining the required levels 
of illumination; 

 Identify zones of high and low lighting requirements, focusing on 
only illuminating areas to the minimum extent possible to allow safe 
operations at night and for security surveillance; 

 Avoid up-lighting of structures by rather directing lighting downwards 
and focussed on the area to be illuminated; and 

 Fit all security lighting with ‘blinkers’ or specifically designed fixtures, 
to ensure light is directed downwards while preventing side spill. 
Light fixtures of this description are commonly available for a variety 
of uses and should be used to the greatest extent possible. 

Dust Control See recommendations for Construction Phase 

Architectural Measures  To reduce the visual intrusion of the buildings, roofing and cladding 
material should not be white or shiny (e.g. bare galvanised steel that 
causes glare); 

 Construct and/or paint offices and workshop buildings in colours that 
are complementary to the surrounding landscape, such as olive 
green, light grey, grey green, blue grey, dark buff, rust, ochre 
variations of tan; and 

 Utilise construction materials that have matt textures where possible. 

General Site Management  Shape slopes and embankments to a maximum gradient of 1:4 and 
vegetate, to prevent erosion and improve their appearance; 

 Avoid using berms as visual screening devices, except in instances 
where vegetative screens are not feasible, as they are usually as 
intrusive as the elements that they are screening; 

 Shape and vegetate topsoil stockpiles to prevent erosion; 
 Retain existing trees wherever possible, as they already provide 

valuable screening;  

 Plant indigenous trees in all landscaped areas, as well as around 
plant infrastructure to break structural form and provide visual 
screens; and 

 Implement and maintain landscaping using indigenous plants and 
water-wise methods wherever visitors are expected, to improve the 
overall appearance of the operation. 
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Component Mitigation Measures 

Decommissioning and Closure 

General Site Management  Dismantle and remove all visible surface infrastructure during
decommissioning;

 Re-shape all footprint areas to be as natural in appearance as
possible;

 Fill and stabilise the pits using material from stockpiles/dumps, and
contour/shape to ensure it is free draining;

 Distribute topsoil over all disturbed footprints and actively revegetate
(using grasses and if possible, trees) to establish a vigorous and
self-sustaining vegetation cover;

 The berms surrounding the remaining voids at both pits should also
be revegetated;

 Conduct on-going monitoring and maintenance of the rehabilitated
areas to ensure that they establish successfully, and that erosion
does not occur;

 Continuously assess condition of vegetation cover of rehabilitated
areas for adequate cover density and species composition. Due to
the unpredictable nature of vegetation growth the effectiveness of
the re-vegetation will only become apparent after several years.
Where specimens die, grow poorly, or do not effect sufficient
coverage, the cause of the problem should be established and the
afflicted specimens replaced, or a more suitable alternative
established, based on a case-to-case basis; and

 Employ control measures to eradicate weedy and alien invader plant
species as required.

10.0 CONCLUSIONS 
In terms of surface area, the majority of the study area is dominated by undeveloped natural land, comprising 
bushveld vegetation. There are, however, several expansive developed sites associated with Grootegeluk 
Mine, Eskom’s Matimba and Medupi Power Stations and nearby residential areas. The former two land uses 
are characterised by large and visually intrusive infrastructure. The study area thus has a moderate visual 
resource value.  

The proposed project will have negative impacts on the visual environment. The proposed topsoil stockpile in 
particular is a large facility and will be readily visible throughout large portion of the study area. Proposed 
facilities in the infrastructure servitude (i.e. offices, storage units), will be less prominent, yet still visible at 
certain locations in the study area. Existing vegetation cover is expected to partially screen these 
components, and with additional mitigation, the significance of visual impacts from the topsoil stockpile and 
supporting infrastructure are rated moderate during construction and operational, and negligible after closure. 
Secondary impacts, such as dust emission and artificial lighting will also cause visual disturbances. The 
significance of these after mitigation is low.   

Various visual mitigation measures have been recommended for inclusion in the project’s Environmental 
Management Programme. 



August 2019 1784950-323163-7 - Rev1 

 

 
 

 30 
 

It is important that sites of disturbance are correctly rehabilitated during the decommissioning and closure 
phases to reduce long-term negative impacts on the visual quality of the landscape. As a means of breaking 
the shape and texture of rehabilitated facilities, it recommended trees be incorporated into the flora species 
mix to be used, along with grasses, for active revegetation.  
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This document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

i) This Document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this Document, in whole or in part, in other contexts or for any other 
purpose.  

ii) The scope and the period of Golder’s Services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 
circumstances that may exist at the site referenced in the Document. If a service is not expressly indicated, 
do not assume it has been provided. If a matter is not addressed, do not assume that any determination 
has been made by Golder in regard to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was retained 
to undertake with respect to the site. Variations in conditions may occur between investigatory locations, 
and there may be special conditions pertaining to the site which have not been revealed by the investigation 
and which have not therefore been taken into account in the Document. Accordingly, additional studies 
and actions may be required.   

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 
this Document. Golder’s opinions are based upon information that existed at the time of the production of 
the Document. It is understood that the Services provided allowed Golder to form no more than an opinion 
of the actual conditions of the site at the time the site was visited and cannot be used to assess the effect 
of any subsequent changes in the quality of the site, or its surroundings, or any laws or regulations.   

v) Any assessments made in this Document are based on the conditions indicated from published sources 
and the investigation described. No warranty is included, either express or implied, that the actual 
conditions will conform exactly to the assessments contained in this Document. 

vi) Where data supplied by the client or other external sources, including previous site investigation data, have 
been used, it has been assumed that the information is correct unless otherwise stated. No responsibility 
is accepted by Golder for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to provide 
Services for the benefit of Golder. Golder will be fully responsible to the Client for the Services and work 
done by all its sub-consultants and subcontractors. The Client agrees that it will only assert claims against 
and seek to recover losses, damages or other liabilities from Golder and not Golder’s affiliated companies. 
To the maximum extent allowed by law, the Client acknowledges and agrees it will not have any legal 
recourse, and waives any expense, loss, claim, demand, or cause of action, against Golder’s affiliated 
companies, and their employees, officers and directors. 

viii) This Document is provided for sole use by the Client and is confidential to it and its professional advisers. 
No responsibility whatsoever for the contents of this Document will be accepted to any person other than 
the Client. Any use which a third party makes of this Document, or any reliance on or decisions to be made 
based on it, is the responsibility of such third parties. Golder accepts no responsibility for damages, if any, 
suffered by any third party because of decisions made or actions based on this Document. 
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TERMINOLOGY 
Terms that may be used in this report are briefly outlined below: 

 Conservation: The act of maintaining all or part of a resource (whether 

renewable or non-renewable) in its present condition in order to provide for its 

continued or future use. Conservation includes sustainable use, protection, 

maintenance, rehabilitation, restoration and enhancement of the natural and 

cultural environment. 

 

 Cultural resource management: A process that consists of a range of 

interventions and provides a framework for informed and value-based decision-

making. It integrates professional, technical and administrative functions and 

interventions that impact on cultural resources. Activities include planning, 

policy development, monitoring and assessment, auditing, implementation, 

maintenance, communication, and many others. All these activities are (or will 

be) based on sound research. 

 

 Cultural resources: A broad, generic term covering any physical, natural and 

spiritual properties and features adapted, used and created by humans in the 

past and present. Cultural resources are the result of continuing human cultural 

activity and embody a range of community values and meanings. These 

resources are non-renewable and finite. Cultural resources include traditional 

systems of cultural practice, belief or social interaction. They can be, but are 

not necessarily identified with defined locations. 

 

 Heritage resources: The various natural and cultural assets that collectively 

form the heritage. These assets are also known as cultural and natural 

resources. Heritage resources (cultural resources) include all human-made 

phenomena and intangible products that are the result of the human mind. 

Natural, technological or industrial features may also be part of heritage 

resources, as places that have made an outstanding contribution to the cultures, 

traditions and lifestyles of the people or groups of people of South Africa. 
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 In-Situ Conservation: The conservation and maintenance of ecosystems, 

natural habitats and cultural resources in their natural and original 

surroundings. 

 
 Iron Age: Refers to the last two millennia and ‘Early Iron Age’ to the first thousand 

years AD. ‘Late Iron Age' refers to the period between the 16th century and the 

19th century and can therefore include the Historical Period. 

 
 Maintenance: Keeping something in good health or repair. 

 
 Pre-historical: Refers to the time before any historical documents were written or 

any written language developed in a particular area or region of the world. The 

historical period and historical remains refer, for the Project Area, to the first 

appearance or use of ‘modern’ Western writing brought to the Eastern Highveld 

by the first Colonists who settled here from the 1840’s onwards. 

 
 Preservation: Conservation activities that consolidate and maintain the existing 

form, material and integrity of a cultural resource. 
 

 Recent past: Refers to the 20th century. Remains from this period are not 

necessarily older than sixty years and therefore may not qualify as archaeological 

or historical remains.  Some of these remains, however, may be close to sixty 

years of age and may, in the near future, qualify as heritage resources. 
 

 Protected area: A geographically defined area designated and managed to 

achieve specific conservation objectives. Protected areas are dedicated 

primarily to the protection and enjoyment of natural or cultural heritage, to the 

maintenance of biodiversity, and to the maintenance of life-support systems. 

Various types of protected areas occur in South Africa. 

 
 Reconstruction: Re-erecting a structure on its original site using original 

components. 

 
 Replication: The act or process of reproducing by new construction the exact 

form and detail of a vanished building, structure, object, or a part thereof, as it 

appeared at a specific period. 
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 Restoration: Returning the existing fabric of a place to a known earlier state by 

removing additions or by reassembling existing components. 

 
 Stone Age: Refers to the prehistoric past, although Late Stone Age people lived 

in South Africa well into the Historical Period. The Stone Age is divided into an 

Earlier Stone Age (3 million years to 150 000 thousand years ago) the Middle 

Stone Age (150 000 years to 40 000 years ago) and the Late Stone Age (40 000 

years to 200 years ago). 
 

 Sustainability: The ability of an activity to continue indefinitely, at current and 

projected levels, without depleting social, financial, physical and other 

resources required to produce the expected benefits. 

 
 Translocation: Dismantling a structure and re-erecting it on a new site using 

original components. 
 

 Project Area: refers to the area (footprint) where the developer wants to focus its 

development activities. 

 

 Phase I studies refer to surveys using various sources of data in order to establish 

the presence of all possible types and ranges of heritage resources in any given 

Project Area (excluding paleontological remains as these studies are done by 

registered and accredited palaeontologists). 

 
 Phase II studies include in-depth cultural heritage studies such as archaeological 

mapping, excavating and sometimes laboratory work. Phase II work may include 

the documenting of rock art, engraving or historical sites and dwellings; the 

sampling of archaeological sites or shipwrecks; extended excavations of 

archaeological sites; the exhumation of human remains and the relocation of 

graveyards, etc. Phase II work involves permitting processes, requires the input 

of different specialists and the co-operation and approval of the SAHRA. 
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EXECUTIVE SUMMARY 
A Phase I Heritage Impact Assessment (HIA) study as required in terms of Section 38 of the 

National Heritage Resources Act (No 25 of 1999) was done for the proposed Exxaro  

Turfvlakte Open Pit Project on the farm Turfvlakte 463LQ and Grootestryd 467 LQ , adjoining 

the Grootegeluk Coal Mine near Lephalale in the Limpopo Province. The construction of the 

proposed Exxaro Turfvlakte Open Pit Project is hereafter referred to as the Exxaro Project whilst 

the area to be affected by the proposed project is referred to as the Exxaro Project Area. 

 

The aims with the Phase I HIA study were the following: 

 To establish whether any of the types and ranges of heritage resources as outlined in 

Section 38 of the National Heritage Resources Act (No 25 of 1999) do occur in the Exxaro 

Project Area.  

 To establish the significance of the heritage resources in the Exxaro Project Area and the 

level of significance of any possible impact on any of these heritage resources. 

 To propose mitigation measures for those types and ranges of heritage resources that 

may be affected by the proposed Exxaro Project.   
 

The Phase I HIA study for the proposed Exxaro Project did not reveal the presence of any of 

the types and ranges of heritage resources as outlined in Section 3 of the National Heritage 

Resources Act (No 25 of 1999) in the Exxaro Project Area.  

 

There is consequently no reason from a heritage point of view why the proposed Exxaro 

Turfvlakte Open Pit Project cannot proceed. 

 

General: disclaimer 

It is possible that this Phase I HIA study may have missed heritage resources in the Exxaro 

Project Area as heritage sites may be covered with grass or vegetation while others may lie 

below the surface of the earth and may only be exposed once development commences. 

 

If any heritage resources of significance is exposed during the construction, operation or 

closure of the proposed Exxaro Project the South African Heritage Resources Authority 

(SAHRA) should be notified immediately, all development activities must be stopped and an 

archaeologist accredited with the Association for Southern African Professional Archaeologist 

(ASAPA) should be notify in order to determine appropriate mitigation measures for the 

discovered finds. This may include obtaining the necessary authorisation (permits) from 

SAHRA to conduct the mitigation measures. 



7 
 

 

CONTENTS 
Terminology          2 
Acronyms and abbreviations       3 
Executive summary        7 
 
1 INTRODUCTION        10 
1.1 Background and context       10 

1.2 Aims with the report        10 

1.3 Assumptions and limitations      11 

 

2 DETAILS OF THE SPECIALIST      12 
 
3 DECLARATION OF INDEPENDENCE     13 
 
4 LEGAL FRAMEWORK       14 
4.1 Legislation relevant to heritage resources    14 

4.1.1   NEMA          16 

4.1.2 MPRDA         16 

4.1.3 NHRA          16 

4.1.3.1  Heritage Impact Assessment studies    16 

4.1.3.2  Section 34 (Buildings and structures)    17 

4.1.3.3  Section 35 (Archaeological and palaeontological    

resources and meteorites)      18 

4.1.3.4  Section 36 (Burial grounds and graves)     18 

4.1.3.5  Section 37 (Public monuments and memorials)   20 

4.1.3.6  Section 38 (HRM)        20 

4.4.4 NEMA Appendix 6 requirements      21 

 
5 THE PROJECT        23 
5.1 Location         23 

5.2 The nature of the Project       24 

5.3 The heritage character of the Project Area     27 



8 
 

6 CONTEXTUALISING THE STUDY AREA    29 
6.1 Stone Age and rock art sites      29 

6.2 Iron Age         30 

6.3 The Historical Period       33 

 

7 APPROACH AND METHODOLOGY     35 
7.1 Field survey         35 

7.2 Databases, literature survey and maps     36 

7.3 Spokespersons consulted       36 

7.4 Consultation process undertaken and comments     

 received from stakeholders       37 

7.5 Significance rating        37 

 

8 THE PHASE I HERITAGE SURVEY AND ASSESSMENT  39 
8.1 The field survey        39 

8.2 Summary         42 

 
9 CONCLUSION AND RECOMMENDATIONS    43 

 
10 SELECT BIBLIOGRAPHY       44 
 
11 BIBLIOGRAPHY RELATING TO EARLIER HERITAGE 
 STUDIES         46 
 
12 SPOKESPERSONS CONSULTED     48  
 
 
 
 
 
 
 
 
 



9 
 

1 INTRODUCTION         
1.1 Background and context        
 

Exxaro Coal intends implementing the Exarro Turfvlakte Open Pit  Project adjoining the 

existing Grootegeluk Coal Mine near Lephalale in the Limpopo Province. This project 

which is here referred to as the Exarro Project falls within Grootegeluk Mine’s Mining 

Right Area and subsequently forms part of the resource pertaining to Grootegeluk Mine. 

The Exxaro Project Area is located within the boundaries of the farm Turfvlakte 463LQ 

and Grootestryd 467 LQ, east of the Medupi Power Station coal conveyor belt and falls 

outside the Grootegeluk LOM pit shell (figure 1). 

 

Two areas on the eastern portion of the farm Turfvlakte 463LQ have been identified 

where the coal sources in Zone 3 (Benches 9A and 9B) and Zone 2 (Bench 11) are 

relatively close to surface and have favourable thicknesses and stripping rations for open 

pit mining. It is envisaged that that these coal zones will be utilized as raw coal and 

therefore no beneficiation will be conducted aside from crushing and screening. 

  

1.2 Aims with the report 
 

This study comprises a heritage survey and a heritage impact assessment study 

according to Section 38 of the National Heritage Resources Act (No 25 of 1999) for the 

proposed Exxaro Turfvlakte Open Pit Project adjoining the Grootegeluk Coal Mine near 

Lephalale in the Limpopo Province.  The aims with the heritage survey and impact 

assessment for the Exxaro Project were the following: 

 To establish whether any of the types and ranges of heritage resources as 

outlined in Section 38 of the National Heritage Resources Act (No 25 of 1999) do 

occur in the Exxaro Project Area.  

 To establish the significance of the heritage resources in the Exxaro Project Area 

and the level of significance of any possible impact on any of these heritage 

resources. 

 To propose mitigation measures for those types and ranges of heritage resources 

that may be affected by the proposed Exxaro Project.   
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1.3 Assumptions and limitations 
 

The findings, observations, conclusions and recommendations reached in this report 

are based on the author’s best scientific and professional knowledge, available 

information and his ability to keep up with the physical and other comprehensive 

challenges that the project commanded. The author has a good understanding of the 

types and ranges of heritage resources that occur in and near the Exxaro Project Area 

as was involved with several heritage impact assessment studies in the area during 

the last fifteen years (see Part 12, ‘Bibliography relating to earlier heritage studies’).  
 

The report findings are based on accepted archaeological survey and assessment 

techniques and methodologies.  

 

The GPS track log is not necessary a true reflection of all the tracks routes that the 

surveyor followed as the track logs were registered with a mounted GPS instrument. 

Pedestrian surveys from the vehicle were not in all instances recorded whilst tracks 

were not registered when the GPS lost signal with the satellites.  

 

Areas that were not covered during the survey comprise a limited number of existing 

haul road and power line corridors which occur in the Grootegeluk Mine Area which 

was surveyed in the past and which is severely disturbed as a result of mining 

activities.  
 

The author reserves the right to modify aspects of the report including the 

recommendations if and when new information becomes available particularly if this 

information may have an influence on the reports final results and recommendations. 

 

The heritage survey may have missed heritage resources as heritage sites may occur 

in in tall grass or thick clumps of vegetation whilst others may be located below the 

surface of the earth and may only be exposed once development commences.  

 

It is also possible that heritage resources may simply have been missed as a result of 

human failure and the extent of the surface area that was covered.  
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2. DETAILS OF THE SPECIALIST 
Profession: Archaeologist, Museologist (Museum Scientists), Lecturer, Heritage Guide 

Trainer and Heritage Consultant 

Qualifications: 
BA (Archaeology, Anthropology and Psychology) (UP, 1976) 

BA (Hons) Archaeology (distinction) (UP, 1979) 

MA Archaeology (distinction) (UP, 1985) 

D Phil Archaeology (UP, 1989) 

Post Graduate Diploma in Museology (Museum Sciences) (UP, 1981) 

Work experience: 
Museum curator and archaeologist for the Rustenburg and Phalaborwa Town Councils (1980-

1984) 

Head of the Department of Archaeology, National Cultural History Museum in Pretoria (1988-

1989) 

Lecturer and Senior Lecturer Department of Anthropology and Archaeology, University of 

Pretoria (1990-2003) 

Independent Archaeologist and Heritage Consultant (2003-) 

Accreditation: Member of the Association for Southern African Professional Archaeologists. 

(ASAPA) 

Summary: Julius Pistorius is a qualified archaeologist and heritage specialist with extensive 

experience as a university lecturer, museum scientist, researcher and heritage consultant. His 

research focussed on the Late Iron Age Tswana and Lowveld-Sotho (particularly the Bamalatji 

of Phalaborwa). He has published a book on early Tswana settlement in the North-West 

Province and has completed an unpublished manuscript on the rise of Bamalatji metal 

workings spheres in Phalaborwa during the last 1 200 years. He has excavated more than 

twenty LIA settlements in North-West and twelve IA settlements in the Lowveld and has 

mapped hundreds of stone walled sites in the North-West. He has written a guide for Eskom’s 

field personnel on heritage management. He has published twenty scientific papers in 

academic journals and several popular articles on archaeology and heritage matters. He 

collaborated with environmental companies in compiling State of the Environmental Reports 

for Ekhurhuleni, Hartebeespoort and heritage management plans for the Magaliesberg and 

Waterberg. Since acting as an independent consultant he has done approximately 800 large 

to small heritage impact assessment reports. He has a longstanding working relationship with 

Eskom, Rio Tinto (PMC), Rio Tinto (EXP), Impala Platinum, Angloplats (Rustenburg), Lonmin, 

Sasol, PMC, Foskor, Kudu and Kelgran Granite, Bafokeng Royal Resources, Pilanesberg 

Platinum Mine (PPM) etc. as well as with several environmental companies. 
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3 DECLARATION OF INDEPENDENCE 
 

I, Julius CC Pistorius, declare that: 

•I act as the independent environmental practitioner in this application 
•I will perform the work relating to the application in an objective manner, even if this results in 
views and findings that are not favourable to the applicant 
•I declare that there are no circumstances that may compromise my objectivity in performing such 
work; 
•I have expertise in conducting environmental impact assessments, including knowledge of the 
National Heritage Resources Act (No 25 of 1999) and any guidelines that have relevance to the 
proposed activity; 
•I will comply with the Act, regulations and all other applicable legislation; 
•I will take into account, to the extent possible, the matters listed in regulation 8 of the regulations 
when preparing the application and any report relating to the application;  
•I have no, and will not engage in, conflicting interests in the undertaking of the activity; 
•I undertake to  disclose to the applicant and the competent authority all material information  in 
my possession that reasonably has or may have the potential of influencing - any decision to be 
taken with respect to the application by the competent authority; and -  the objectivity of any report, 
plan or document to be prepared by myself for submission to the competent authority; 
•I will ensure that information containing all relevant facts in respect of the application is distributed 
or made available to interested and affected parties and the public and that participation by 
interested and affected parties is facilitated in such a manner that all interested and affected 
parties will be provided with a reasonable opportunity to participate and to provide comments on 
documents that are produced to support the application; 
•I will ensure that the comments of all interested and affected parties are considered and recorded 
in reports that are submitted to the competent authority in respect of the application, provided that 
comments that are made by interested and affected parties in respect of a final report that will be 
submitted to the competent authority may be attached to the report without further amendment to 
the report; 
•I will keep a register of all interested and affected parties that participated in a public participation 
process; and 
•I will provide the competent authority with access to all information at my disposal regarding the 
application, whether such information is favourable to the applicant or not 
•all the particulars furnished by me in this form are true and correct;  
•will perform all other obligations as expected from an environmental assessment practitioner in 
terms of the Regulations; and 
•I realise that a false declaration is an offence in terms of regulation 71 and is punishable in terms 
of section 24F of the Act.  
Disclosure of Vested Interest 
I do not have and will not have any vested interest (either business, financial, personal or other) 
in the proposed activity proceeding other than remuneration for work performed in terms of the 
Environmental Impact Assessment Regulations, 2010. 
 

 
 
____________________________________ 
Private Consultant: 
1 March 2018 
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4 LEGAL FRAMEWORK 
 

South Africa’s heritage resources (’national estate’) are protected by international, 

national, provincial and local legislation which provides regulations, policies and 

guidelines for the protection, management, promotion and utilization of heritage 

resources. South Africa’s ‘national estate’ includes a wide range of various types of 

heritage resources as outlined in Section 3 of the National Heritage Resources Act 

(NHRA, Act No 25 of 1999) (see Box 1).  

 

At a national level heritage resources are dealt with by the National Heritage Council 

Act (Act No 11 of 1999) and the National Heritage Resources Act (NHRA, Act No 25 

of 1999). According to the NHRA (Act No 25 of 1999) heritage resources are 

categorized using a three-tier system, namely Grade I (national), Grade II (provincial) 

and Grade III (local) heritage resources.  

 

At the provincial level, heritage legislation is implemented by Provincial Heritage 

Resources Agencies (PHRA’s) which apply the National Heritage Resources Act (Act 

25 of 1999) together with provincial government guidelines and strategic frameworks. 

Metropolitan or Municipal (local) policy regarding the protection of cultural heritage 

resources is also linked to national and provincial acts and is implemented by the 

South African Heritage Resources Agency (SAHRA) and the Provincial Heritage 

Resources Agencies (PHRA’s). 

 

4.1 Legislation relevant to heritage resources 
 

Legislation relevant to South Africa’s national estate includes the following: 

 National Environmental Management Act (NEMA) Act 107 of 1998  

 Minerals and Petroleum Resources Development Act (MPRDA) Act 28 of 

2002  

 National Heritage Resources Act (NHRA) Act 25 of 1999  

 Development Facilitation Act (DFA) Act 67 of 1995  
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Box 1: Types and ranges of heritage resources (the national estate) as outlined 
in Section 3 of the National Heritage Resources Act, 1999 (No 25 of 1999). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

The National Heritage Resources Act (Act No 25 of 1999, Art 3) outlines the following types and ranges of 
heritage resources that qualify as part of the National Estate, namely: 
(a) places, buildings structures and equipment of cultural significance; 
(b) places to which oral traditions are attached or which are associated with living heritage; 
(c ) historical settlements and townscapes; 
(d) landscapes and natural features of cultural significance; 
(e) geological sites of scientific or cultural importance; 
(f) archaeological and palaeontological sites; 
(g) graves and burial grounds including- 

(i) ancestral graves; 
(ii) royal graves and graves of traditional leaders; 
(iii) graves of victims of conflict;(iv) graves of individuals designated by the Minister by notice in the 
Gazette; 
(v) historical graves and cemeteries; and 
(vi) other human remains which are not covered by in terms of the Human Tissues Act, 1983 (Act No 65 of 
1983); 

(h) sites of significance relating to the history of slavery in South Africa; 
(i) movable objects, including - 
(i) objects recovered from the soil or waters of South Africa, including archaeological and 

palaeontological objects and material, meteorites and rare geological specimens;  
(ii) objects to which oral traditions are attached or which are associated with living heritage; 
(iii) ethnographic art and objects; 
(iv) military objects; 
(v) objects of decorative or fine art; 
(vi) objects of scientific or technological interest; and 
(vii) books, records, documents, photographs, positives and negatives, graphic, film or video material 
or sound recordings, excluding those that are public records as defined in section 1(xiv) of the National 
Archives of South Africa Act, 1996 (Act No 43 of 1996). 

The National Heritage Resources Act (Act No 25 of 1999, Art 3) also distinguishes nine criteria for places 
and objects to qualify as ‘part of the national estate if they have cultural significance or other special value 
…‘. These criteria are the following: 
(a) its importance in the community, or pattern of South Africa’s history;  
(a) its possession of uncommon, rare or endangered aspects of South Africa’s natural or cultural heritage; 
(b) its potential to yield information that will contribute to an understanding of South Africa’s natural or 

cultural heritage; 
(c) its importance in demonstrating the principal characteristics of a particular class of South Africa’s 

natural or cultural places or objects; 
(e) its importance in exhibiting particular aesthetic characteristics valued by a community or cultural group; 
(f) its importance in demonstrating a high degree of creative or technical achievement at a particular 

period; 
(g) its strong or special association with a particular community or cultural group for social, cultural or 

spiritual reasons; (h)   
(h) its strong or special association with the life or work of a person, group or organisation of importance 

in the history of South Africa; 
(i) sites of significance relating to the history of slavery in South Africa 
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4.1.1 NEMA 
 

The NEMA stipulates under Section 2(4)(a) that sustainable development requires the 

consideration of all relevant factors including (iii) the disturbance of landscapes and 

sites that constitute the nation’s cultural heritage must be avoided, or where it cannot 

be altogether avoided, is minimised and remedied. Heritage assessments are 

implemented in terms of the NEMA Section 24 in order to give effect to the general 

objectives. Procedures considering heritage resource management in terms of the 

NEMA are summarised under Section 24(4) as amended in 2008. In addition to the 

NEMA, the National Environmental Management: Protected Areas Act, 2003 (Act No. 

57 of 2003) (NEMPA) may also be applicable. This act applies to protected areas and 

world heritage sites, declared as such in terms of the World Heritage Convention Act, 

1999 (Act No. 49 of 1999) (WHCA). 

 

4.1.2 MPRDA 
 
The MPRDA stipulates under Section 5(4) no person may prospect for or remove, 

mine, conduct technical co-operation operations, reconnaissance operations, explore 

for and produce any mineral or petroleum or commence with any work incidental 

thereto on any area without (a) an approved environmental management programme 

or approved environmental management plan, as the case may be. 

 
4.1.3 NHRA 

 

According to Section 3 of the NHRA (Act No 25 of 1999) the ‘national estate’ comprises 

a wide range and various types of heritage resources (see Box 1). 

 

4.1.3.1 Heritage Impact Assessment studies 

 

According to Section 38 of the National Heritage Resources Act (Act No 25 of 1999) 

a Heritage Impact Assessment (HIA) process must be followed under the following 

circumstances: 

 The construction of a linear development (road, wall, power line, canal etc.) 

exceeding 300m in length 
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 The construction of a bridge or similar structure exceeding 50m in length 

 Any development or activity that will change the character of a site and which 

exceeds 5 000m2 or which involve three or more existing erven or subdivisions 

thereof 

 Re-zoning of a site exceeding 10 000 m2 

 Any other category provided for in the regulations of SAHRA, a provincial or 

local heritage authority or any other legislation such as NEMA, MPRDA, etc.  

 

4.1.3.2 Section 34 (Buildings and structures) 
 
Section 34 of the NHRA provides for general protection of structures older than 60 

years. According to Section 34(1) no person may alter (demolish) any structure or part 

thereof which is older than 60 years without a permit issued by the relevant provincial 

heritage resources authority. 

 

A structure means any building, works, device or any other facility made by people 

and which is fixed to land and which includes fixtures, fittings and equipment 

associated with such structures. 

 

Alter means any action which affects the structure, appearance or physical properties 

of a place or object, whether by way of structural or any other works such as painting, 

plastering, decorating, etc. 

 

Most importantly, Section 34(1) clearly states that no structure or part thereof may be 

altered or demolished without a permit issued by the relevant Provincial Heritage 

Resources Authority (PHRA). These permits will not be granted without a HIA being 

completed. A destruction permit will thus be required before any removal and/or 

demolition may take place, unless exempted by the PHRA according to Section 

34(2) of the NHRA. 
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4.1.3.3 Section 35 (Archaeological and palaeontological resources and 
meteorites)  
 
Section 35 of the NHRA provides for the general protection of archaeological and 

palaeontological resources, and meteorites. In the event that archaeological resources 

are discovered during the course of development, Section 38(3) specifically requires 

that the discovery must immediately be reported to the PHRA, or local authority or 

museum who must notify the PHRA. Furthermore, no person may without permits 

issued by the responsible heritage resources authority may:  

 destroy, damage, excavate, alter, deface or otherwise disturb any 

archaeological or paleontological site or any meteorite 

 destroy, damage, excavate, remove from its original position, collect or own any 

archaeological or paleontological material or object or any meteorite 

 trade in, sell for private gain, export or attempt to export from the Republic any 

category of archaeological or paleontological material or object, or any 

meteorite; or bring onto or use at an archaeological or paleontological site any 

excavation equipment or any equipment that assists in the detection or recovery 

of metals or archaeological and paleontological material or objects, or use such 

equipment for the recovery of meteorites 

 alter or demolish any structure or part of a structure which is older than 60 

years. 

 

Heritage resources may only be disturbed or moved by an archaeologist after being 

issued with a permit received from the South African Heritage Resources Agency 

(SAHRA). In order to demolish heritage resources the developer has to acquire a 

destruction permit by from SAHRA. 

 

4.1.3.4 Section 36 (Burial grounds and graves) 
 

Section 36 of the NHRA allows for the general protection of burial grounds and graves. 

Should burial grounds or graves be found during the course of development, Section 

36(6) stipulates that such activities must immediately cease and the discovery 

reported to the responsible heritage resources authority and the South African Police 
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Service (SAPS). Section 36 also stipulates that no person without a permit issued by 

the relevant heritage resources authority may: 

a) destroy, damage, alter, exhume or remove from its original position or otherwise 

disturb the grave of a victim of conflict, or any burial ground or part thereof which 

contains such graves 

b) destroy, damage, alter, exhume or remove from its original position or otherwise 

disturb any grave or burial ground older than 60 years which is situated outside 

a formal cemetery administered by a local authority; or 

c) bring onto or use at a burial ground or grave referred to in paragraph (a) or (b) 

any excavation, or any equipment which assists in the detection or recovery of 

metals. 

 

Section 36 of the NHRA divides graves and burial grounds into the following 

categories: 

a. ancestral graves 

b. royal graves and graves of traditional leaders 

c. graves of victims of conflict 

d. graves designated by the Minister 

e. historical graves and cemeteries 

f. human remains 

 

Human remains less than 60 years old are subject to provisions of the National Health 

Act, 2003 (Act No 61 of 2003), Ordinance 12 of 1980 (Exhumation Ordinance) and 

Ordinance No 7 of 1925 (Graves and dead bodies Ordinance, repealed by 

Mpumalanga). Municipal bylaws with regard to graves and graveyards may differ. 

Professionals involved with the exhumation and relocation of graves and graveyards 

must establish whether such bylaws exist and must adhere to these laws.  

 

Unidentified graves are handled as if they are older than 60 years until proven 

otherwise. 

 

Permission for the exhumation and relocation of graves older than sixty years must 

also be gained from descendants of the deceased (where known), the National 

Department of Health, Provincial Department of Health, Premier of the Province and 
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local police. Furthermore, permission must also be gained from the various 

landowners (i.e. where the graves are located and where they are to be relocated) 

before exhumation can take place.  

 

Human remains can only be handled by a registered undertaker or an institution 

declared under the Human Tissues Act (Act 65 of 1983 as amended). 

 

4.1.3.5 Section 37 (Public monuments and memorials) 
 

Section 37 makes provision for the protection of all public monuments and memorials 

in the same manner as places which are entered in a heritage register referred to in 

Section 30 of the NHRA. 

 

4.1.3.6 Section 38 (HRM) 
 

Section 38 (8): The provisions of this section do not apply to a development as 

described in Section 38 (1) if an evaluation of the impact of such development on 

heritage resources is required in terms of the Environment Conservation Act, 1989 

(Act No. 73 of 1989), or the integrated environmental management guidelines issued 

by the Department of Environment Affairs and Tourism, or the Minerals Act, 1991 (Act 

No. 50 of 1991), or any other legislation. Section 38(8) ensures cooperative 

governance between all responsible authorities through ensuring that the evaluation 

fulfils the requirements of the relevant heritage resources authority in terms of 

Subsection (3), and any comments and recommendations of the relevant heritage 

resources authority with regard to such development have been taken into account 

prior to the granting of the consent. 

 

The Listed Activities in terms of the Government Notice Regulations (GNRs) stipulated 

under NEMA for which Environmental Authorisation (EA) will be applied for will trigger 

a HIA as contemplated in Section 38(1) above as follows: 
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4.4.4 NEMA Appendix 6 requirements 
 

NEMA Regulations (2014) - Appendix 6 Relevant section in report 

Details of the specialist who prepared the 

report Dr Julius CC Pistorius 

The expertise of that person to compile a 

specialist report including a curriculum vitae Part 2. Details of the specialist  

A declaration that the person is independent 

in a form as may be specified by the 

competent authority Part 3. Declaration of independence 

An indication of the scope of, and the 

purpose for which, the report was prepared Part 1. Introduction 

The date and season of the site investigation 

and the relevance of the season to the 

outcome of the assessment 

Part 7. Approach and Methodology 

Part 8.1. Field survey 

A description of the methodology adopted in 

preparing the report or carrying out the 

specialised process Part 7. Approach and Methodology 

The specific identified sensitivity of the site 

related to the activity and its associated 

structures and infrastructure Part 8.1 The field survey 

An identification of any areas to be avoided, 

including buffers Part 8.2 Summary 

A map superimposing the activity including 

the associated structures and infrastructure 

on the environmental sensitivities of the site 

including areas to be avoided, including 

buffers; Figure 4 

A description of any assumptions made and 

any uncertainties or gaps in knowledge;  Part 1.3. Assumptions and limitations 

A description of the findings and potential 

implications of such findings on the impact of Part 8.2 Summary  
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the proposed activity, including identified 

alternatives, on the environment 
Part 9. Conclusion and 

recommendations 

Any mitigation measures for inclusion in the 

EMPr 

Part 8.2. Summary 

Part 9. Conclusion and 

recommendations  

Any conditions for inclusion in the 

environmental authorisation 

Part 9. Conclusion and 

recommendations  

Any monitoring requirements for inclusion in 

the EMPr or environmental authorisation 

Part 9. Conclusion and 

recommendations  

A reasoned opinion as to whether the 

proposed activity or portions thereof should 

be authorised and 

Part 9. Conclusion and 

recommendations  

If the opinion is that the proposed activity or 

portions thereof should be authorised, any 

avoidance, management and mitigation 

measures that should be included in the 

EMPr, and where applicable, the closure plan  

Part 9. Conclusion and 

recommendations  

A description of any consultation process that 

was undertaken during the course of carrying 

out the study 

Part 7.4 Consultation process 

undertaken and comments received 

from stakeholders 

A summary and copies if any comments that 

were received during any consultation 

process 

Part 7.4 Consultation process 

undertaken and comments received 

from stakeholders 

Any other information requested by the 

competent authority.   None 
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5 THE EXXARO PROJECT AREA 
 
5.1 Location 
 

Grootegeluk Mine is located approximately 20 km to the west of Lephalale in the 

Limpopo Province. Access to the mine is from the east-west aligned provincial Road, 

the D2001 running between Lephalale and Stockpoort.  

 

The Grootegeluk Mine is the country’s largest single coal processing complex with a 

current ROM of approximately 56.3 MTpa. The Exxaro proposed Turfvlakte Open Pit 

project is situated on the farm Turfvlakte 463LQ directly adjoining the Grootegeluk 

Mine along its south-eastern perimeter (Figures 1 & 2) (2326 Lephalale; 1:250 000 map 

& 2327 Ellisras 1:50 000 topographical map).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1- Regional location of the Exxaro Turfvlakte Open Pit Project adjoining 
Grootegeluk Mine to the west of Lephalale  in the Limpopo Province (above). 
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5.2 The nature of the Exxaro Turfvlakte Open Pit Project  
 

Mining at Grootegeluk Mine (GG) can be described as a conventional truck and shovel 

operation. The existing total mining operation footprint covers an area  of 3,639 hectares. 

Mining operations and material destinations are based on the existing pit layout and 

bench definitions. The existing mine model and the quality parameters derived from the 

present layout and bench definitions are used for this project. 

 

Extraction of the Volksrust Formation and the Vryheid Formation differs. The Volksrust 

Formation is bulk mined. The Vryheid Formation zones are mined selectively. 

 

The primary loading equipment consists of both rope and hydraulic shovels. The rope 

shovels are used on the five upper benches and the hydraulic shovels for the selective 

mining of the pit bottom benches 6 to 11. Exxaro’s currently fleet of haul trucks consists 

of 181 200 and 250 ton rear dump trucks which transport 78 million tons of coal annually. 

The annual production will be increased to 115 million ton–ex pit with the project.  

Pantograph systems used to save diesel consumption on haul trucks at Grootegeluk are 

absent from haul trucks feeding the IPCC. 

 

Spontaneous combustion of coal is managed by means of adding sand and weathered 

overburden to cover waste dumps. Backfilling of the pit waste is already in progress. 

Exxaro’s research also includes the rehabilitation of the outside discard dumps as part 

of the immediate mine closure cost recovery. Grootegeluk is currently establishing the 

most suitable trees and ground cover for rehabilitating the dumps. 

 

The Exarro Turfvlakte Open Pit Project and Project Area falls within Grootegeluk’s Mine’s 

mining licence area and subsequently forms part of the resource pertaining to 

Grootegeluk Mine. The project area is located within the boundaries of the farm 

Turfvlakte 463LQ, east of the Medupi Power Station coal conveyor belt and falls outside 

the Grootegeluk LOM pit shell (Figure 1). 

 

Two areas on the eastern portion of the farm Turfvlakte 463LQ have been identified 

where Zone 3 (Benches 9A and 9B) and Zone 2 (Bench 11) are relatively close to surface 

and have favourable thicknesses and stripping rations for open pit mining. It is envisaged 
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that that these coal zones will be utilized as raw coal and therefore no beneficiation will 

be conducted aside from crushing and screening. 

  

Some of the proposed infrastructure comprises of the following, namely (Figure 2): 

 Dumping sites for hard and soft materials as well as top soil. 

 A primary crushing and screening plant. 

 A raw water dam and pump station. 

 A potable water tank. 

 A substation. 

 A discard dump. 

 New haul and access roads. 

 A conveyor belt. 
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Figure 2- The proposed Exxaro Project Area adjoining the Grootegeluk Mine near Lephalle in the Limpopo Province outlining the 
proposed infrastructure and footprint for the project. 
 



5.3 The heritage character of the Project Area 
 

The Exxaro Project Area is part of a level land mass marked by three major water 

courses namely, the Limpopo River further to the north-west, the Matlasbas River to 

the south and the Mogol River to the east. The Exxaro Project Area covers consistent 

level sandy plains covered with open savannah bush.  

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
Figure 3- The larger Exxaro Project Area seen from the air during the winter. 
Outstretched open savannah veldt with little surface water is a dominant feature 
of the landscape. This inhospitable environment was not conducive for human 
settlement in the past. 
 
A solitary kopje known as Nelsonskop occurs near the Exxaro Project Area and is 

associated with human occupation in the past. A few scattered pans occur around the 

Exxaro Project Area whilst agricultural fields are more prominent to the south of the 

Exxaro Project Area. 
 
The Exxaro Project Area was sparsely populated by humans in the past. However, 

occupation started at an early period so that humans may have been present in the 
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area over a long time span but on a limited scale. This occupation occurred from the 

Stone Age, hundreds of thousands of years ago, throughout the Early Iron Age which 

covers the first millennium AD and the Historical Period which commences with the 

arrival of the first colonial hunters, traders and farmers (see Part 5, ‘Contextualising 

the Exxaro Project Area’, below). 

 
Several heritage impact assessment studies have been done at Grootegeluk Mine and 

at the Matimba and Medupi power stations which are located in close proximity of the 

mine. Heritage studies were also conducted for power lines running from these power 

stations to other major Eskom Substations located in the North West Province and in the 

Free State Province as well as for proposed coal mines (see Part 12, ‘Bibliography 

relating to earlier heritage studies’).  
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6 CONTEXTUALISING THE PROJECT AREA 
 

A brief overview of pre-historical and historical information below contextualises the 

Exxaro Project Area.  

 

6.1 The Stone Age (hunter gatherers) 
 

Stone Age sites are marked by stone artefacts that are found scattered on the surface 

of the earth or as parts of deposits in caves and rock shelters. The Stone Age is divided 

into the Early Stone Age (ESA) (covering the period from 2.5 million years ago to 250 

000 years ago), the Middle Stone Age (MSA) (the period from 250 000 years ago to 

22 000 years ago) and the Late Stone Age (LSA) (the period from 22 000 years ago 

to 200 years ago).  

 

The LSA is also associated with rock paintings and engravings which were done by 

the San, Khoi Khoi and in more recent times by Iron Age farmers.  

 

In and near the Exxaro Project Area 

Hunter gatherers from the Stone Age, including the few who left rock paintings during 

the last 20 000 years in the mountainous Waterberg to the east of the Exxaro Project 

Area, occurred throughout the larger region from as early as the MSA. MSA and LSA 

tools were observed along the banks of the Mokolo (Mogol) River and on farms in the 

Waterberg Mountains (Pistorius 2005, 2006).   

 

Surveys, although limited, have recorded scattered finds of Stone Age sites, rock 

paintings and engravings in the larger region. At least one rock shelter 

(Olieboompoort) with MSA and LSA assemblages in the mountainous Waterberg has 

being researched (Van Der Ryst 1996, 1998). At Nelsonskop, a small protrusion near 

the Grootegeluk Mine engravings of animal spoor, cupules and other incisions were 

found on a face of this kopje (Van Der Ryst, Lombard, & Biemond 2004).  

 

Most of the Stone Age sites can be classified as open (surface) sites which imply that 

most of the artefacts occur ‘out of context’. (Such assemblages have less significance 

than artefact types which occur in closed stratigraphic layers). MSA and LSA 
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collections also occur in rock shelters and caves. Hunter-gatherers preferred caves as 

settlements from the MSA onwards as these shelters provided warmth and safety 

(Inskeep 1978). No mountains or ridges with caves occur in the Exxaro Project Area. 

Small protrusions or hills such as Nelsonskop and Bulkop - outside the Exxaro Project 

Area - may have served as outlook points or places were rituals, such as rain making 

ceremonies, may have been concluded (Van Der Ryst, Lombard, & Biemond, 2004).    

 

Rock shelters and caves with rock paintings are common in the Waterberg Mountains 

to the south of the Exxaro Project Area (Laue 2000, 2001).   

 

6.2 The Iron Age (earliest farmers) 
 

Hunter-gatherers were followed by the first agro-pastoralists who lived in semi-

permanent villages and who practised metal working during the last two millennia, the 

so-called Iron Age. The Iron Age is usually divided into the Early Iron Age (EIA) (covers 

the 1st millennium AD) and the Later Iron Age (LIA) (covers the first 880 years of the 

2nd millennium AD).  

 

Whilst the EIA is marked by small scattered sites with (elaborately) decorated pottery 

and in many instances with iron smelting, LIA sites may occur in clusters covering 

large tracks of land constituting cultural landscapes. These sites are mostly marked 

by stone walls and (undecorated) pottery. Metal working during the LIA only occurs 

when this activity has been mastered by specialists who knew the technological 

requirements to manufacture iron and copper wares.  Historical links between LIA 

complexes and communities close to the sites can usually be pointed out. (This 

provides opportunities for oral traditions, cultural landscapes and aspects of living 

[tangible and intangible] heritage to be investigated as well).  

 

EIA sites are limited to the northern and eastern parts of the country whilst LIA farmers’ 

settlements cover a large part of South Africa – except the far western low-summer 

rainfall region and the southern extreme of the country. 
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In and near the Exxaro Project Area 

EIA farmers utilized pieces of land close to the banks of major rivers, such as the 

Limpopo or Mogol Rivers outside the Project Area or near confluences between major 

rivers and small streams (Biemond 2002). Here, some farmers planted crops while 

small numbers of cattle and small stock were kept where grazing and shrubbery 

allowed for stock keeping. Woods, such as the Vaalbos (Terminalia sericea), growing 

on sand veld, was fired to make charcoal which was used to smelt iron ores. Magnetite 

ore was collected from the surface (if available) or was carried long distances to 

smelting sites. Large scale iron smelting with substantial evidence for habitation 

occurred at Diamant, south of the Project Area during the EIA (Huffman 1990). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4- Nelsonskop, a small sandstone kopje to the north of the Exxaro Project 
Area. Limited stone tools and potsherds occur along the base of the kopje. This 
kopje together with the limited number of kopjes on the vast plains to the west 
of the Waterberg probably had some ideological meaning to Later Stone Age, 
Iron Age and historical communities (above). 
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EIA as well as LIA communities did not prefer the flat outstretched sand veld of the 

Exxaro Project Area for habitation and for farming. The scarcity of drinkable surface 

water for humans and animals; low annual summer rainfalls, high temperatures with 

accompanying high evaporation rates and soils which lacked nutrients were not 

conducive to crop planting. The absence of all year round grazing also did not 

encourage mixed farming in the region.      

 

Late Iron Age occupation on the scale that marked the Ga-Seleka and Shongwane 

areas to the north-east of Lephalale did not occur in the Exxaro Project Area. Here, 

the Ga-Seleka and Batlhalerwa established spheres of influence. The mountain 

stronghold Bobididi near Villa Nora was occupied by the Batlhalerwa and illustrates 

the kind of sites which were used by second millennium farming communities.  

 

The absence of mountains and kopjes and therefore stone that was used as building 

material during the LIA is a conspicuous feature of the Exxaro Project Area.  

 

No historically known tribal groupings or clans occupied the Exarro Project Area during 

the LIA or the Historical Period. Communities known as the ‘Vaalpense’ (mixed 

Negroid and San) lived further to the south and their descendants can still be found. 

These communities were nomadic hunters and herders before they became employed 

by the first colonial farmers (Van Schalkwyk 1985). As far as it is known they did not 

occupy large permanent settlements that have left traces on the landscape.   

 

Some LIA and historical farmers left rock paintings much younger than those which 

date from the Stone Age. These phenomena were restricted to areas occupied by 

historically known communities and therefore probably did not occur in the Exxaro 

Project Area. 

 

6.3 The Historical Period 
 

The restricted hunting and farming practises supported by Stone and Iron Age 

communities were intensified and expanded when the first colonial hunters and 

traders, followed by colonial settlers, arrived in the region from the second half of the 

19th century. Whilst little has been recorded about these early farmers in the Exxaro 
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Project Area some research has been done on the colonial farmers who occupied the 

Waterberg Mountain Bushveld further to the east. 

 

In and near the Exxaro Project Area 

Farm houses with outbuildings, family graveyards, cattle posts, outlying bore holes 

with drinking troughs and grazing fields lead to the establishment of cultural 

landscapes of some proportions in the region from the second half of the 19th century. 

First generation homesteads, or ‘hartbeeshuise’ constructed with clay or clay bricks 

and thatched roofs, have all disappeared by now and have been replaced with second 

and third generation farm residences (Naude 190, 2001). Some of these, as well as 

farm stores along dirt roads in the Exxaro Project Area, may be older than sixty years.  

 

However, as elsewhere in the larger region, farm homesteads with associated 

infrastructure and activity areas have been transformed as a result of changing 

subsistence patterns. Cattle ranching and crop planting have in many instances, been 

replaced by game farming. 

 

The opening of the Grootegeluk Mine in the 1980’s introduced a new economic 

dimension to the region with consequences not yet fully realised. (The town of 

Lephalale also came into being during this time period). Primarily mined and 

transported away for the smelting of iron ores, low-grade coal is now also used locally 

by the Matimaba Power Station to generate electricity. A second power station, 

Medupi, is currently being constructed near the Exxaro Project Area. 

 

Coal mining in the region is too young to warrant any mining heritage value, except 

when considering that the coal fields were actually discovered in the 1920’s during 

exploration for water. The coal fields around Lephalale represent as much as one half 

of the country’s coal reserves. 

 

Historically significant structures older than sixty years such as farm houses, sheds 

and other secondary infrastructure occur throughout the region and include family 

graveyards as well as informal cemeteries used by farm labourers.  
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7 APPROACH AND METHODOLOGY 
 

This heritage survey and impact assessment study was conducted by means of the 

following: 

 

7.1 Field survey 
 

A field survey was conducted from 5 to 6 December 2017. Archaeological visibility was 

good as the summer rain season was not yet in full swing in this part of the Limpopo 

Province. The author was accompanied by a security officer employed with Exxaro 

Grootegeluk Coal Mine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5- GPS track log which was registered with a GPS instrument. Pedestrian 
surveys were conducted from the main pathway. Not all tracks were recorded 
as a result of signal loss (above). 
 

The field survey was conducted by means of following a system (grid) of two track 

roads which were developed by exploration teams who travelled across the Exxaro 
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Project Area. Other pathways such as footpaths produced by game were utilized to 

conduct pedestrian surveys into the bush situated between the two track roads.   

 

Not all vehicle and pedestrian tracks were recorded on GPS as a result of signal loss 

from satellites. The limited number of existing haul roads and power line corridors 

within the Grootegeluk Coal Mine which will be utilized by the proposed Exxaro Project 

were not surveyed as the mine area was surveyed in the past and this this 

infrastructure is located in severely disturbed mining areas.   

 

All coordinates for heritage resources recorded were done with a Garmin Etrex hand 

set Global Positioning System (instrument) with an accuracy of < 15m. 

 

Google imagery was used as a supplementary source (prior to and after fieldwork) to 

establish the possible presence of heritage resources such as abandoned buildings in 

the Exxaro Project Area.  

 

The nature and character of the Exxaro Project Area is further illuminated with 

descriptions and photographs in Part 8.1 ‘The field survey’. 

 
7.2 Databases, literature survey and maps 

 

Databases kept and maintained at institutions such as the PHRA, the Archaeological 

Data Recording Centre at the National Flagship Institute (Museum Africa) in Pretoria and 

SAHRA’s national archive (SAHRIS) were consulted by the author to determine whether 

any heritage resources of significance had been identified during earlier heritage surveys 

in or near the Exxaro Project Area. Nevertheless heritage resources may have been 

missed as a result of various factors (Part 1.3, ‘Assumptions and limitations).  

 
7.3 Spokespersons consulted  
 

Employers at Grootegeluk Coal Mine who is acquainted with the Exxaro Project Area 

were consulted regarding the possible presence of graveyards in the project area (see 

Part 13, ‘Spokespersons consulted’). 
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7.4 Consultation process undertaken and comments received from 

stakeholders 
 
No specific consultation process was undertaken for the purposes of the heritage study 

as the stakeholder consultation for the project is being done by  Golder Associates Africa 

(Pty) Ltd.  

 
7.5 Significance ratings 
 

The significance of possible impacts on the heritage resources was determined using 

a ranking scale based on the following: 

 

 Occurrence 

- Probability of occurrence (how likely is it that the impact may/will occur?), and 

- Duration of occurrence (how long may/will it last?) 

 Severity 

- Magnitude (severity) of impact (will the impact be of high, moderate or low 

severity?), and 

- Scale/extent of impact (will the impact affect the national, regional or local 

environment, or only that of the site?). 
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Each of these factors has been assessed for each potential impact using the following 

ranking scales:  

 

Probability: 
5 – Definite/don’t know 
4 – Highly probable 
3 – Medium probability 
2 – Low probability 
1 – Improbable 
0 – None 

Duration: 
5 – Permanent 
4 – Long-term (ceases with the 
operational life) 
3 - Medium-term (5-15 years) 
2 - Short-term (0-5 years) 
1 – Immediate 

Scale: 
5 – International 
4 – National 
3 – Regional 
2 – Local 
1 – Site only 
0 – None 

Magnitude: 
10 - Very high/don’t know 
8 – High 
6 – Moderate 
4 – Low 
2 – Minor 

 

The heritage significance of each potential impact was assessed using the following 

formula: 

Significance Points (SP) = (Magnitude + Duration + Scale) x Probability 

The maximum value is 100 Significance Points (SP). Potential environmental impacts 

are rated as very high, high, moderate, low or very low significance on the following basis: 

 More than 80 significance points indicates VERY HIGH heritage significance. 

 Between 60 and 80 significance points indicates HIGH heritage significance. 

 Between 40 and 60 significance points indicates MODERATE heritage 

significance. 

 Between 20 and 40 significance points indicates LOW heritage significance. 

 Less than 20 significance points indicates VERY LOW heritage significance. 
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8 THE PHASE I HERITAGE IMPACT AND ASSESSMENT 
 
8.1 The field survey 
 
The Exxaro Project Area comprises a flat piece of veld which is covered with grass 

veld and a large variety of indigenous trees. It is featureless except for the presence 

of explosive magazines and a conveyer belt near the western border of the project 

area and semi- dry pans across the area.  

 

The Exxaro Project Area is covered with a sandy soil and no obvious outcrops of 

dolerite or sandstone dykes which usually are associated with coal seams were 

observed.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6- The Project Area is characterised as a flat, outstretched piece of veld 
which is covered with sandy soil and grass as well as a variety of indigenous trees 
(above). 
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Figure 7- Infrastructure in the Exxaro Project Area is limited. The conveyer belt 
which carries coal from the Grootegeluk Mine to the Matimba power station is 
located on the western border of the site (above). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8- Infrastructure in the Exxaro Project Area also incorporates explosive 
magazines near the site’s western boundary (above). 
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Figure 9- The Medupi power station near the Exxaro Project Area’s south-eastern 
boundary. The large number of two track roads in the project area and former 
exploration activities has scarred the area which cannot be described as a pristine 
piece of land any longer (above). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10- A pan which was adapted to a water hole which is used as a source of 
drinking water for game in the Exxaro Project Area (above). 
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8.2 Summary 
 
The Phase I HIA study for the proposed Exxaro Project did not reveal the presence of 

any of the types and ranges of heritage resources as outlined in Section 3 of the 

National Heritage Resources Act (No 25 of 1999) in the Project Area.  

 
There is consequently no reason from a heritage point of view why the proposed 

Exxaro Turfvlakte Open Pit Project cannot proceed. 
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9 CONCLUSION AND RECOMMENDATIONS 
 

The Phase I HIA study for the proposed Exxaro Project Area did not reveal the 

presence of any of the types and ranges of heritage resources as outlined in Section 

3 of the National Heritage Resources Act (No 25 of 1999) in the Project Area.  

 

There is consequently no reason from a heritage point of view why the project cannot 

proceed. 

 

It is possible that this Phase I HIA study may have missed heritage resources in the 

Exxaro Project Area as heritage sites may be covered with grass or vegetation while 

others may lie below the surface of the earth and may only be exposed once 

development commences. 

 

If any heritage resources of significance are exposed during the construction, 

operation or closure of the proposed Exxaro Project the South African Heritage 

Resources Authority (SAHRA) should be notified immediately, all development 

activities must be stopped and an archaeologist accredited with the Association for 

Southern African Professional Archaeologist (ASAPA) should be notify in order to 

determine appropriate mitigation measures for the discovered finds. This may include 

obtaining the necessary authorisation (permits) from SAHRA to conduct the mitigation 

measures. 

 

 
DR JULIUS CC PISTORIUS 
Archaeologist & Heritage Consultant 
Member ASAPA 
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B. Executive summary 
Outline of the development project: Golder Associates has facilitated the appointed of Dr H. Fourie, a 
palaeontologist, to undertake a Paleontological Impact Assessment (PIA), Phase 1 Field Study of the suitability of 
the Proposed Turfvlakte Open Pit Mining on the Farms Daarby 458, Portion 0 and 1 of Appelvlakte 448, Portion 0 
and 1 of Enkelbult 462, Portion 3 of Grootestryd 465, Portion 1 of Nelsonskop, 464 and Turfvlakte 463-LQ near 
Lephalale in the Waterberg District Municipality, Lephalale Local Municipality within the Limpopo Province.  

The Farm Turfvlakte 463-LQ lies on the south-eastern border of the Grootegeluk Mine Rights Area. Due to faulting 
in the area, Benches 9A and B and Bench 11 protrude quite shallow on this farm compared to the rest of the 
Grootegeluk Mine Area. High quality coal can be mined in this area at a stripping ratio of 2.8 tonnes on average. 
Exxaro is planning to develop this mine and if possible beneficiate the coal at the current Grootegeluk beneficiation 
facilities.   
 
The Project includes several site layout alternatives (Figure 1): 
All alternatives will have the same impact. 
 
Legal requirements:- 

The National Heritage Resources Act (Act No. 25 of 1999) (NHRA) requires that all heritage resources, that is, 
all places or objects of aesthetic, architectural, historical, scientific, social, spiritual, linguistic or technological value 
or significance are protected.  The Republic of South Africa (RSA) has a remarkably rich fossil record that stretches 
back in time for some 3.5 billion years and must be protected for its scientific value. Fossil heritage of national and 
international significance is found within all provinces of the RSA.  South Africa’s unique and non-renewable 
palaeontological heritage is protected in terms of the National Heritage Resources Act. According to this act, 
palaeontological resources may not be excavated, damaged, destroyed or otherwise impacted by any development 
without prior assessment and without a permit from the relevant heritage resources authority. 

The main aim of the assessment process is to document resources in the development area and identify both the 
negative and positive impacts that the development brings to the receiving environment.  The PIA therefore 
identifies palaeontological resources in the area to be developed and makes recommendations for protection or 
mitigation of these resources. 

For this study, resources such as geological maps, scientific literature, institutional fossil collections, satellite 
images, aerial maps and topographical maps were used.  It provides an assessment of the observed or inferred 
palaeontological heritage within the study area, with recommendations (if any) for further specialist 
palaeontological input where this is considered necessary. 

A Palaeontological Impact Assessment is generally warranted where rock units of LOW to VERY HIGH 
palaeontological sensitivity are concerned, levels of bedrock exposure within the study area are adequate; large 
scale projects with high potential heritage impact are planned; and where the distribution and nature of fossil 
remains in the proposed area is unknown. The specialist will inform whether further monitoring and mitigation are 
necessary. 
 
Types and ranges of heritage resources as outlined in Section 3 of the National Heritage Resources Act (Act No.25 
of 1999): 
(i) (i) objects recovered from the soil or waters of South Africa, including archaeological and palaeontological 
objects and material, meteorites and rare geological specimens. 
This report adheres to the guidelines of Section 38 (1) of the National Heritage Resources Act (Act No. 25 of 1999). 
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Subject to the provisions of subsections (7), (8) and (9), any person who intends to undertake a development 
categorised as (a) the construction of a road, wall, power line, pipeline, canal or other similar form of linear 
development or barrier exceeding 300 m in length; (b) the construction of a bridge or similar structure exceeding 
50 m in length; (c) any development or other activity which will change the character of a site (see Section 38); (d) 
the re-zoning of a site exceeding 10 000 m² in extent; (e) or any other category of development provided for in 
regulations by SAHRA or a PHRA authority. 

 
This report aims to provide comment and recommendations on the potential impacts that the proposed 
development could have on the fossil heritage of the area and to state if any mitigation or conservation measures 
are necessary.   
 
Outline of the geology and the palaeontology:  
The geology was obtained from map 1:100 000, Geology of the Republic of South Africa (Visser 1984). 
 
Figure 3: The geology of the development area. 

 
Legend to map and short explanation. 
TRc – (pink) Sandstone, siltstone. Clarens Formation, Stormberg Group, Karoo Supergroup. Triassic. 
P-TR – (khaki) Sandstone, shale, mudstone, coal. Grootegeluk Formation, Ecca Group, Karoo Supergroup. 
Permian. 
Msm – (brown) Sandstone, conglomerate. Sandriviersberg & Mogalakwena Formation, Subgroup Kransberg, 
Waterberg Supergroup. Mokolian. 
…… – (black) Lineament (Landsat, aeromagnetic). 
------ - Concealed geological boundary. 
--f--- - Fault. 
□ - Pointing to two farms where mining development will take place. 
 
Mining Activities: 
C – Coal.  
 
Summary of findings (1d): The Phase 1 PIA Field Study was undertaken towards the middle of December 2017 in 
the summer in hot and dry conditions and the following is reported:  
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The development will be situated on the Grootegeluk Formation close to Lephalale.  
The Karoo Supergroup is renowned for its fossil wealth. It is marked as Undifferentiated strata of the Karoo 
Supergroup, but correlates with the Vryheid Formation (Pe,Pv), Ecca Group and the Grootgeluk Formation which 
is rich in plant fossils such as the Glossopteris flora represented by stumps, leaves, pollen and fructifications 
(Appendix 1). This formation is early to mid-Permian (Palaeozoic) in age and consists of sandstone, shaly 
sandstone, grit, conglomerate, coal and shale.  Coal seams are present in the Grootegeluk Formation within the 
sandstone and shale layers of the horsts and grabens. Fossils are mainly present in the grey shale which is 
interlayered between the coal seams (Kent 1980, Visser 1989). Borehole logs in the coalfields show the following 
layers; soil, shale and sandstone, shale and sandstone interbedded, sandstone, coal, conglomerate reworked 
diamictite, Dwyka Tillite, and the Pre-Karoo Basement. 
 
Fossils in South Africa mainly occur in rocks of sedimentary nature and not in rocks from igneous or metamorphic 
nature. Therefore, if there is the presence of Karoo Supergroup strata the palaeontological sensitivity can generally 
be LOW to VERY HIGH, and here locally VERY HIGH for the Grootegeluk Formation (SG 2.2 SAHRA APMHOB, 
2012).  
 
Recommendation: 
The potential impact of the development on fossil heritage is VERY HIGH and therefore a field survey or further 
mitigation or conservation measures were necessary for this development (according to SAHRA protocol). A Phase 
2 PIA and or mitigation are only recommended if the Phase 1: Field study finds fossils (plant remains).  
 
During the survey, it was found that the site is directly underlain by shale and sandstone of the Grootegeluk 
Formation and that coal is present. Recent structures for mining activities are present. It is located on a relatively 
flat topography. Part of the area is being mined and very disturbed.  
 
The survey was done in summer towards the middle of December 2017, conditions were hot and dry and the area 
is covered by overburden, vegetation, natural grassland and other land uses include big and small game farming, 
roads and mine structures. The development will take place on the Grootegeluk Formation known for its plant 
fossils. The development will benefit the community. There are several site layout alternatives with a very high 
heritage impact, fossils were not found during the walk through and drive through. 
 
The Project includes several site layout alternatives (Figure 1): 
All alternatives will have the same impact. 
 
Concerns/threats (1g,1ni,1nii,1o,1p) to be added to the EMPr: 

1. Threats are earth moving equipment/machinery (for example haul trucks, front end loaders, excavators, 
graders, dozers) during construction, the sealing-in or destruction of the fossils by development, vehicle 
traffic, mining activities, and human disturbance. 

2. Special care must be taken during the digging, drilling, blasting and excavating of foundations, trenches, 
channels and footings and removal of overburden as a site visit may have missed a fossiliferous outcrop. 
An appropriate Protocol and Management plan is attached for the Environmental Control Officer 
(Appendix 2). 
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The recommendations are: 

1. Mitigation may be needed (Appendix 2) if fossils are found. 
2. No consultation with parties was necessary. The Environmental Control Officer must familiarise him- or 

herself with the Grootegeluk Formation and its fossils by completing a theoretical and practical training 
session with a professional palaeontologist on site (minimum 2 days). 

3. The development may go ahead with caution, but the ECO together with the mine geologist must 
survey for fossils before or after blasting or excavating in line with the legally binding 
Environmental Management Programme (EMPr) this must be updated to include the involvement 
of a palaeontologist when necessary. 

4. The EMPr already covers the conservation of heritage and palaeontological artefacts that may be 
exposed during construction activities. The protocol is to immediately cease all construction activities if a 
fossil is unearthed and contact SAHRA for further investigation. It is recommended that the EMPr be 
updated to include the involvement of a palaeontologist (to provide training) during the digging and 
excavation phase of the development either for training or a site visit once a month during construction. 

Stakeholders: Developer – Exxaro Resource Limited, Grootegeluk Coal Mine, P.O. Box 178, 0555. 
         Environmental – Golder Associates, P.O. Box 6001, Halfway House, 1685, Tel. 011 254 4970. 
         Landowner – Exxaro Resource Limited, Grootegeluk Coal Mine, P.O. Box 178, 0555. 
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D. Background information on the project 
Report  
This report is part of the environmental impact assessment process under the National Environmental Management 
Act, as amended (Act No. 107 of 1998) (NEMA) and includes Appendix 6 (GN R326 of 7 April 2017) of the 
Environmental Impact Assessment Regulations (see Appendix 3). 
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Outline of development 
This report discusses and aims to provide the applicant with information regarding the location of palaeontological 
material that will be impacted by the development. In the construction phase, it may be necessary for the applicant 
to apply for the relevant permit from the South African Heritage Resources Agency (SAHRA / PHRA) if a fossil is 
unearthed.  
 
The development is necessary as the available coal reserves within the Grootegeluk Mine Right area will be mined. 
Access routes, pipelines and power lines will run through the remaining Grootegeluk Mining Rights area so as to 
link up to the existing mine infrastructure. 
 
Related infrastructure: 

1. Open Pits, 
2. Construction and use of Access and Haul Roads, 
3. Stockpile for backfill, 
4. Contractor lay-down area and refuelling, 
5. Coal supply Conveyor belt, 
6. Storm water management, 
7. Crush, tip and screen facility, 
8. Wash facilities, 
9. Discard dump,  
10. Reclamation activities at the Co-disposal facilities, 
11. New 8 MVA power line required. 

Figure 1: topographic map to show location and lay-out plan (Golder). 

 
The Project includes several site layout alternatives (Figure 1): 



 
7 

 

All alternatives will have the same impact. 
 
Rezoning/ and or subdivision of land: No. 
Name of developer and consultant: Exxaro Resource Limited, Grootegeluk Coal Mine and Golder Associates. 
Terms of reference: Dr H. Fourie is a palaeontologist commissioned to do a palaeontological impact assessment: 
field study to ascertain if any palaeontological sensitive material is present in the development area. This study will 
advise on the impact on fossil heritage mitigation or conservation necessary, if any. 
Dr Fourie obtained a Ph.D from the Bernard Price Institute for Palaeontological Research (now ESI), University of 
the Witwatersrand. Her undergraduate degree is in Geology and Zoology. She specialises in vertebrate 
morphology and function concentrating on the Therapsid Therocephalia. For the past ten years she carried out 
field work in the Eastern Cape, Free State, Gauteng, Limpopo and Mpumalanga Provinces. Dr Fourie has been 
employed at the Ditsong: National Museum of Natural History in Pretoria (formerly Transvaal Museum) for 23 
years. 
Legislative requirements: South African Heritage Resources Agency (SAHRA) for issue of permits if necessary. 
National Heritage Resources Act (Act No. 25 of 1999). An electronic copy of this report must be supplied to SAHRA. 
  
E. Description of property or affected environment 
Location and depth:  
The Grootegeluk Coal Mine is situated approximately 20 km west of Lephalale, the proposed development of these 
opencast pits and associated infrastructure will be situated on the eastern portion of the Mining Right area. The 
mine development will be situated on Daarby 458, Appelvlakte 448 (Portion 0 and 1), Enkelbult 462 (Portion 0 and 
1), Turfvlakte 463, Grootestryd 465 (Portion 3), and Nelsonskop 464 (Portion 1) in the Lephale Municipality, 
Waterberg District Municipality in the Limpopo Province. 
 
The depth is determined by the infrastructure to be developed and the thickness of the formation in the 
development area, in this instance, the mining activities. 
 
A typical profile includes soil and clay, sandstone and siltstone, shale, coal upper seam, coal seam, sandstone, no 
1 seam, shale and dolomite at the bottom. In Lephalale, the entire coal sequence attains a thickness of up to 70 
m.  
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Figure 2: Google.earth image to show proposed infrastructure (Golder). 

 
The site is underlain by the Grootegeluk Formation, Karoo Supergroup.  
 
 
F. Description of the Geological Setting 
Description of the rock units: 
The Karoo Supergroup is renowned for its fossil wealth (Kent 1980, Visser 1989). Large areas of the southern 
African continent are covered by the Karoo Supergroup. An estimated age is 150 – 180 Ma. and a maximum 
thickness of 7000 m is reached in the south. Three formations overlie the Beaufort Group, they are the Molteno, 
Elliot and Clarens Formations. At the top is the Drakensberg Basalt Formation with its pillow lavas, pyroclasts, and 
basalts (Kent 1980, Snyman 1996). The Beaufort Group is underlain by the Ecca Group which is underlain by the 
Dwyka Group.  
 
The southern part of the Karoo basin is 3000 m thick, but the northern part of the basin is much thinner. The 
animals present during Beaufort times flourished on the floodplanes, lakes and marshes.  Sandstone is deposited 
in times of flooding in the river channels and the mudstones were deposited on the floodplains in the shallow lakes 
(Snyman 1996). 
 
The Ecca Group is early to mid-Permian (545-250 Ma) in age. Sediments of the Ecca group are lacustrine and 
marine to fluvio-deltaic (Snyman 1996). The Ecca group is known for its coal (mainly the Vryheid Formation) (five 
coal seams) and uranium. Coalfields formed due to the accumulation of plant material in shallow and large swampy 
deltas (see Appendix 1). The Ecca Group conformably overlies the Dwyka Group and is conformably overlain by 
the Beaufort Group, Karoo Supergroup. It consists essentially of mudrock (shale), but sandstone-rich units occur 
towards the margins of the present main Karoo basin in the south, west and north-east, with coal seams also being 
present in the north-east (Kent 1980, Johnson 2009). 
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Map 1: Geology of the Karoo Supergroup (Faure et al.1996). 
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Figure 3: Excerpt of 1:250 000 Geological Map (Golder).   

 
Legend to map and short explanation. 
TRc – (pink) Sandstone, siltstone. Clarens Formation, Stormberg Group, Karoo Supergroup. Triassic. 
P-TR – (khaki) Sandstone, shale, mudstone, coal. Grootegeluk Formation, Ecca Group, Karoo Supergroup. 
Permian. 
Msm – (brown) Sandstone, conglomerate. Sandriviersberg & Mogalakwena Formation, Subgroup Kransberg, 
Waterberg Supergroup. Mokolian. 
…… – (black) Lineament (Landsat, aeromagnetic). 
------ - Concealed geological boundary. 
□ - Pointing to two farms where the mine development will take place. 
 
Coal has always been the main energy source in industrial South Africa. It is in Mpumalanga, south of the N4, that 
most of the coal-fired power stations are found. Eskom is by far the biggest electricity generator in Africa. Thick 
layers of coal just below the surface are suited to open-cast mining and where the overlying sediments are too 
thick, shallow underground mining. In 2003, coal was South Africa’s third most valuable mineral commodity and is 
also used by Sasol for fuel- and chemicals-from-coal (Norman and Whitfield 2006). Grodner and Cairncross (2003) 
proposed a 3-D model of the Witbank Coalfield to allow easy evaluation of the sedimentary rocks, both through 
space and time. Through this, one can interpret the environmental conditions present at the time of deposition of 
the sediments. This can improve mine planning and mining techniques. The Vryheid Formation is underlain by the 
Dwyka Group and is gradually overlain by mudstones (and shale) and sandstones of the Volksrust Formation. The 
typical colours for the Vryheid Formation are grey and yellow for the sediments and black for the coal seam. The 
thickness of the grey shale can vary and this is interlayered with the also variable yellow sandstone and coal 
seams. 
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The Waterberg (Ellisras) coalfield is situated north-west of the Karoo basin. A series of horsts and grabens allow 
shallow coal to be mined. In this area, the Vryheid Formation together with the Volksrust Formation is named the 
Grootegeluk Formation (Cairncross 2001). Yellow and red shale with brown mudstone, white grit, conglomerate, 
coal rich shale, 4 coal seams, and dark grey to black shale are present. Glossopteris is abundant as for the Vryheid 
Formation (Visser 1989). The Grootegeluk Formation in the Waterberg Coalfield is about 70 m thick and consists 
of relatively thin coal beds interbedded with numerous mudstone and carbonaceous mudstone layers. It is 
considered to be an embayment of the much larger Kalahari Basin with the coal layers numbered 5-11. 
Palynological evidence are present in the form of spores from mosses, ferns, alae and fungi (Faure et al.1996). 
 
Ecca rocks are stable and lend themselves well to developments. It is only unstable in or directly above mining 
activities (Snyman 1996). The site itself is partly situated on the flat-lying Grootegeluk Formation, Ecca Group, 
Karoo Supergroup. Dolerite dykes do occur throughout the Karoo Supergroup. Structural geological features such 
as dykes and faults can have a measurable influence on ground water flow and mass transport. 
 
The entire coal sequence attains thicknesses of up to 115 m. (Cairncross 2001). A typical profile includes soil and 
clay, sandstone and siltstone, shale, 2 upper seam, shale, 2 seam, sandstone, no 1 seam, shale and dolomite at 
the bottom. Diabase or dolerite dykes are also present in the area. The thickness of the grey shale can vary and 
this is interlayered with the also variable yellow sandstone and coal seams. 
 
The walk through the project site was done towards the middle of December 2017, conditions were hot and dry. 
Photographs below show the flat topography. A variety of soil types (overburden and topsoil) will be present. The 
walk through did not locate fossils. 
 
Field Observations 
Figure 4: View of the Turfvlakte section on the Manketti Game Reserve property.  
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Figure 5: Another view with some Ecca Group rocks present. 

 
Figure 6: Another view of property. 
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The second part of the development will take place within the existing Grootegeluk mine area. This area is already 
well developed and highly disturbed. 
 
There is some concern with the project due to the possible presence of plant fossils (see Section I for a discussion 
on the significance of the plant fossils). All the site layout alternatives will be situated on the Grootegeluk Formation. 
The depth of the Formation can be verified with geological cores. The topsoil, subsoil and overburden must be 
surveyed for fossils and Mitigation is needed for the shale layer if fossils are present.  
 
The project includes several site layout alternatives (Figure 1) 
All alternatives will have the same impact. 
 
G. Background to Palaeontology of the area 
Summary: When rock units of moderate to very high palaeontological sensitivity are present within the development 
footprint, a desk top and or field scoping (survey) study by a professional palaeontologist is usually warranted. The 
main purpose of a field scoping (survey) study would be to identify any areas within the development footprint 
where specialist palaeontological mitigation during the construction phase may be required (SG 2.2 SAHRA 
AMPHOB, 2012). 
 
The Ecca Group may contain fossils of diverse non-marine trace, Glossopteris flora, mesosaurid reptiles, 
palaeoniscid fish, marine invertebrates, insects, and crustaceans (Johnson 2009). Glossopteris trees rapidly 
colonised the large deltas along the northern margin of the Karoo Sea. Dead vegetation accumulated faster than 
it could decay, and thick accumulations of peat formed, which were ultimately converted to coal. It is only in the 
northern part of the Karoo Basin that the glossopterids and cordaitales, ferns, clubmosses and horsetails thrived 
(McCarthy and Rubidge 2005). 
 
The Glossopteris flora is thought to have been the major contributor to the coal beds of the Ecca. These are found 
in Karoo-age rocks across Africa, South America, Antarctica, Australia and India. This was one of the early clues 
to the theory of a former unified Gondwana landmass (Norman and Whitfield 2006). 

 

Subgroup / 
Supergroup 

Group Formation Fossil Heritage Comment 

Karoo Supergroup Ecca Grootegeluk Glossopterid coal flora abundant 
associated with thick coal seams 

Globally important and 
under collected 

Table 1: Taken form The Palaeotechnical Report (Groenewald and Groenewald 2014). 
 
Fossils in South Africa mainly occur in rocks of sedimentary nature and not in rocks from igneous or metamorphic 
nature. Therefore, if there is the presence of Karoo Supergroup strata the palaeontological sensitivity is generally 
LOW to VERY HIGH, but here locally VERY HIGH for the Grootegeluk Formation. 
 

Rock Unit Significance/vulnerability Recommended Action 
Grootegeluk Formation (Pg, 
Pgr) 

Very High Field assessment and protocol for finds is 
required 

Table 2: Criteria used (Fossil Heritage Layer Browser/SAHRA). 
 
Databases and collections: Ditsong: National Museum of Natural History. Evolutionary Studies Institute, University 
of the Witwatersrand (ESI). 
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Impact:  VERY HIGH for the Grootegeluk Formation. There are significant fossil resources that may be impacted by 
the development (shale). 
H. Description of the Methodology (1e) 
The palaeontological impact assessment field study was undertaken towards the middle of December 2017. The 
walk through and drive through of the affected portion were done and photographs (in 20 mega pixels) were taken 
of the site with a digital Canon camera (PowerShot SX620HS). It was not necessary to use a Global Positioning 
System (GPS) (Garmin eTrex 10) to record outcrops if not covered with topsoil, subsoil, overburden, and 
vegetation. The walk through and drive through did identify the Grootegeluk Formation. A literature survey is 
included. 
 
Assumptions and Limitations (1i):- 
The accuracy and reliability of the report may be limited by the following constraints: 

1. Most development areas have never been surveyed by a palaeontologist or geophysicist. 
2. Variable accuracy of geological maps and associated information. 
3. Poor locality information on sheet explanations for geological maps. 
4. Lack of published data. 
5. Lack of rocky outcrops. 
6. Insufficient data from developer and exact lay-out plan for all structures (for this report all required 

data/information was provided). 

A Phase 1 Palaeontological Impact Assessment: Field Study will include: 

1. Recommendations for the future of the site. 
2. Background information on the project. 
3. Description of the property of affected environment with details of the study area. 
4. Description of the geological setting and field observations. 
5. Background to palaeontology of the area. 
6. Heritage rating. 
7. Stating of significance (Heritage Value). 

A Phase 2 Palaeontological Impact Assessment: Mitigation will include: 

1. Recommendations for the future of the site. 
2. Description of work done (including number of people and their responsibilities). 
3. A written assessment of the work done, fossils excavated, not removed or collected and observed. 
4. Conclusion reached regarding the fossil material. 
5. A detailed site plan. 
6. Possible declaration as a heritage site or Site Management Plan. 
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The National Heritage Resources Act No. 25 of 1999 further prescribes - 

Act No. 25 of 1999. National Heritage Resources Act, 1999. 
The National Estate as: 3 (2) (f) archaeological and palaeontological sites, (i)(1) objects recovered from 
the soil or waters of South Africa, including archaeological and palaeontological objects and material, 
meteorites and rare geological specimens, 
Heritage assessment criteria and grading used: (a) Grade 1: Heritage resources with qualities so 
exceptional that they are of special national significance; 
(b) Grade 11: Heritage resources which, although forming part of the national estate, can be considered 
to have special qualities which make them significant within the context of a province or a region; and (c) 
Grade 111: Other heritage resources worthy of conservation. 
SAHRA is responsible for the identification and management of Grade 1 heritage resources. 
Provincial Heritage Resources Authority (PHRA) identifies and manages Grade 11 heritage resources. 
Local authorities identify and manage Grade 111 heritage resources. 
 
No person may damage, deface, excavate, alter, remove from its original position, subdivide or change 
the planning status of a provincially protected place or object without a permit issued by a heritage 
resources authority or local authority responsible for the provincial protection.   
 
Archaeology, palaeontology and meteorites: Section 35. 
(2) Subject to the provisions of subsection (8) (a), all archaeological objects, palaeontological material 
and meteorites are the property of the State. 
(3) Any person who discovers archaeological or palaeontological objects or material or a meteorite in the 
course of development or agricultural activity must immediately report the find to the responsible heritage 
resources authority, or to the nearest local authority offices or museum, which must immediately notify 
such heritage resources authority. 

Mitigation involves planning the protection of significant fossil sites, rock units or other palaeontological resources 
and/or excavation, recording and sampling of fossil heritage that might be lost during development, together with 
pertinent geological data. The mitigation may take place before and / or during the construction phase of 
development. The specialist will require a Phase 2 mitigation permit from the relevant Heritage Resources Authority 
before a Phase 2 may be implemented. 

The Mitigation is done in order to rescue representative fossil material from the study area to allow and record the 
nature of each locality and establish its age before it is destroyed and to make samples accessible for future 
research. It also interprets the evidence recovered to allow for education of the public and promotion of 
palaeontological heritage. 

Should further fossil material be discovered during the course of the development (e. g. during bedrock 
excavations), this must be safeguarded, where feasible in situ, and reported to a palaeontologist or to the Heritage 
Resources authority. In situations where the area is considered palaeontologically sensitive (e. g. Karoo 
Supergroup Formations, ancient marine deposits in the interior or along the coast) the palaeontologist might need 
to monitor all newly excavated bedrock. The developer needs to give the palaeontologist sufficient time to assess 
and document the finds and, if necessary, to rescue a representative sample. 

When a Phase 2 palaeontological impact study is recommended, permission for the development to proceed can 
be given only once the heritage resources authority has received and approved a Phase 2 report and is satisfied 
that (a) the palaeontological resources under threat have been adequately recorded and sampled, and (b) 
adequate development on fossil heritage, including, where necessary, in situ conservation of heritage of high 
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significance. Careful planning, including early consultation with a palaeontologist and heritage management 
authorities, can minimise the impact of palaeontological surveys on development projects by selecting options that 
cause the least amount of inconvenience and delay. 

Three types of permits are available; Mitigation, Destruction and Interpretation. The specialist will apply for the 
permit at the beginning of the process (SAHRA 2012). 

 
I. Description of significant fossil occurrences (1f)  
All Karoo Supergroup geological formations are ranked as LOW to VERY HIGH, and here the impact is potentially 
VERY HIGH for the Grootegeluk Formation, Ecca Group. Rocks of Permian age in South Africa are particularly rich 
in fossil plants (Rayner and Coventry 1985). The fossils are present in the grey shale interlayered with the coal 
seams. The fossils are not very rare and occur also in other parts of the Karoo stratigraphy. The pollen of the 
Greenside Colliery also on the Vryheid formation was the focus of a Ph.D study. It is often difficult to spot the 
greyish fossils as they are the same colour as the grey shale in which they are present as these coalified 
compressions have been weathered to leave surface replicas on the enclosing shale matrix. A locality close to 
Ermelo, also Vryheid Formation, has yielded Scutum, Glossopteris leaves, Neoggerathiopsis leaves, the lycopod 
Cyclodendron leslii, and various seeds and scale leaves (Prevec 2011). 
 
Fossils likely to be found are mostly plants (Appendix 1) such as ‘Glossopteris flora’ of the Vryheid Formation. The 
aquatic reptile Mesosaurus and fossil fish may also occur with marine invertebrates, arthropods and insects. Trace 
fossils can also be present. The marine bivalve Megadesmus is found in the upper part of the Volksrust Formation 
near Newcastle (Johnson 2009).  
 
During storms, a great variety of leaves, fructifications and twigs accumulated and because they were sandwiched 
between thin films of mud, they were preserved to bear record of the wealth and the density of the vegetation 
around the pools. They make it possible to reconstruct the plant life in these areas and wherever they are found, 
they constitute most valuable palaeobotanical records (Plumstead 1963) and can be used in palaeoenvironmental 
reconstructions.  
 
Details of the location and distribution of all significant fossil sites or key fossiliferous rock units are often difficult 
to determine due to thick topsoil, subsoil, overburden and alluvium. Depth of the overburden may vary a lot. The 
vast coal mining industry (Vryheid Formation) provides palaeontologists with fantastic access to coal-associated 
plant fossils, while simultaneously resulting in the destruction of important National Palaeontological Heritage. 
 
The threats are:- earth moving equipment/machinery (for example haul trucks, front end loaders, excavators, 
graders, dozers) during construction,  the sealing-in or destruction of fossils by development, vehicle traffic, mining 
activities, and human disturbance. See Description of the Geological Setting (F) above. 
 
J. Recommendation (1j,1l) 
a. There is no objection (see Recommendation B) to the development, but it was necessary to request a Phase 1 
Palaeontological Impact Assessment: Field study to determine whether the development will affect fossiliferous 
outcrops as the palaeontological sensitivity is VERY HIGH. A Phase 2 Palaeontological Mitigation is only required 
if the Phase 1 Palaeontological Assessment identified a fossiliferous formation or surface fossils or if fossils are 
found during construction or mining. Fossils were not found during the walk through. The Protocol for Finds and 
Management Plan is attached (Appendix 2) for the ECO, the development may go ahead.  
b. This project will benefit the environment, economy, and social development of the community.  
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c. Preferred choice: Any of the site layout alternatives will have the same impact. The impact on the 
palaeontological heritage is VERY HIGH. Care must be taken during the digging of foundations and removing 
topsoil, subsoil and overburden (see Executive Summary).  
d. The following should be conserved: if any palaeontological material is exposed during digging, excavating, 
drilling or blasting SAHRA must be notified. All construction activities must be stopped and a palaeontologist should 
be called in to determine proper mitigation measures. 
 
 
Sampling and collecting (1m,1k): 
Wherefore a permit is needed from the South African Heritage Resources Agency (SAHRA / PHRA): 

a. Objections: Cautious. See heritage value and recommendation. 
b. Conditions of development: See Recommendation. 
c. Areas that may need a permit: Yes, for the shale layer if a fossil is unearthed.  
d. Permits for mitigation: Needed from SAHRA/PHRA. 

K. Conclusions 

a. All the land involved in the development was assessed and none of the property is unsuitable for 
development (see Recommendation B). 

b. All information needed for the Phase 1 Palaeontological Impact Assessment and Field scope was 
provided by the Consultant. All technical information was provided by Golder Associates.   

c. Areas that would involve mitigation and may need a permit from the South African Heritage 
Resources Agency are discussed. 

d. The following should be conserved: if any palaeontological material is exposed during digging, 
excavating, drilling or blasting, SAHRA must be notified. All development activities must be stopped 
and a palaeontologist should be called in to determine proper mitigation measures, especially for 
shallow caves. 

e. Condition in which development may proceed: It is further suggested that a Section 37(2) agreement 
of the Occupational, Health and Safety Act 85 of 1993 is signed with the relevant contractors to 
protect the environment and adjacent areas as well as for safety and security reasons. 
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Declaration (disclaimer) 1(b) 
I, Heidi Fourie, declare that I am an independent consultant and have no business, financial, personal or other 
interest in the proposed development project for which I was appointed to do a palaeontological assessment. There 
are no circumstances that compromise the objectivity of me performing such work. 
 
I accept no liability, and the client, by receiving this document, indemnifies me against all actions, claims, demands, 
losses, liabilities, costs, damages and expenses arising from or in connection with services rendered, directly or 
indirectly by the use of the information contained in this document. 
 
It may be possible that the Phase 1 PIA study may have missed palaeontological resources in the project area as 
outcrops are not always present or visible due to vegetation while others may lie below the overburden of earth 
and may only be present once development commences. 
 
This report may not be altered in any way and any parts drawn from this report must make reference to this report.  

 

 
___________ 
Heidi Fourie 
2018/02/27 
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Appendix 1: Examples of Vryheid Formation fossils.  
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Figure 7: Example of a plant fossil (courtesy of the ESI). Glossopteris leave. 
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 Appendix 2: Protocol for finds and Management plan 
This section covers the recommended protocol for a Phase 2 Mitigation process as well as for reports where the 
Palaeontological Sensitivity is LOW; this process guides the palaeontologist / palaeobotanist on site and should 
not be attempted by the layman / developer. As part of the Environmental Authorisation conditions, an 
Environmental Control Officer (ECO) will be appointed to oversee the construction activities in line with the legally 
binding Environmental Management Programme (EMPr) so that when a fossil is unearthed they can notify the 
relevant department and specialist to further investigate. When a fossil is found, the area must be fenced-off and 
the construction workers must be informed that this is a no-go area. Therefore, the EMPr must be updated to 
include the involvement of a palaeontologist during the digging and excavation (ground breaking) phase of the 
development.  
 

The EMPr already covers the conservation of heritage and palaeontological artefacts that may be exposed during 
construction activities. The protocol is to immediately cease all construction activities if a fossil is unearthed and 
contact SAHRA for further investigation. It is recommended that the EMPr be updated to include the involvement 
(provide training to ECO / relevant construction personnel) of a palaeontologist / archaeozoologist during the 
digging and excavation phase of the development. The ECO should familiarise him- or herself with the Ecca Group 
formations and its fossils. The Evolutionary Studies Institute, University of the Witwatersrand has good examples 
of Ecca Group Fossils. 
 

The developer must survey the areas affected by the development and indicate on plan where the construction / 
development / mining will take place. Trenches have to be dug to ascertain how deep the sediments are above the 
bedrock (can be a few hundred metres). This will give an indication of the depth of the topsoil, subsoil, and 
overburden, if need be trenches should be dug deeper to expose the interburden.  
 

Mitigation will involve recording, rescue and judicious sampling of the fossil material present in the layers 
sandwiched between the geological / coal layers. It must include information on number of taxa, fossil abundance, 
preservational style, and taphonomy. This can only be done during mining or excavations. In order for this to 
happen, in case of coal mining operations, the process will have to be closely scrutinised by a professional 
palaeontologist / palaeobotanist to ensure that only the coal layers are mined and the interlayers (siltstone and 
mudstone) are surveyed for fossils or representative sampling of fossils are taking place. 

The palaeontological impact assessment process presents an opportunity for identification, access and possibly 
salvage of fossils and add to the few good plant localities. Mitigation can provide valuable onsite research that can 
benefit both the community and the palaeontological fraternity. 

A Phase 2 study is very often the last opportunity we will ever have to record the fossil heritage within the 
development area. Fossils excavated will be stored at a National Repository. 

A Phase 2 Palaeontological Impact Assessment: Mitigation will include (SAHRA) - 

1. Recommendations for the future of the site. 
2. Description and purpose of work done (including number of people and their responsibilities). 
3. A written assessment of the work done, fossils excavated, not removed or collected and observed. 
4. Conclusion reached regarding the fossil material. 
5. A detailed site plan and map. 
6. Possible declaration as a heritage site or Site Management Plan. 
7. Stakeholders. 
8. Detailed report including the Desktop and Phase 1 study information. 
9. Annual interim or progress Phase 2 permit reports as well as the final report. 
10. Methodology used. 
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Three types of permits are available; Mitigation, Destruction and Interpretation. The specialist will apply for the 
permit at the beginning of the process (SAHRA 2012). 

The Palaeontological Society of South Africa (PSSA) does not have guidelines on excavating or collecting, but 
the following is suggested: 

1. The developer needs to clearly stake or peg-out (survey) the areas affected by the mining/ construction/ 
development operations and dig representative trenches and if possible supply geological borehole 
data. 

2. Fossils likely to occur are for example the fossil plants from the Vryheid Formation, these are present in 
the grey shale (or any other fossiliferous layer ranked as VERY HIGH or HIGH) or invertebrates from 
the Volksrust Formation (or any other fossiliferous layer). 

3. When clearing topsoil, subsoil or overburden and hard rock (outcrop) is found, the contractor needs to 
stop all work. 

4. A Palaeobotanist / palaeontologist (contact SAHRIS for list) must then inspect the affected areas and 
trenches for fossiliferous outcrops / layers. The contractor / developer may be asked to move structures, 
and put the development on hold. 

5. If the palaeontologist / palaeobotanist is satisfied that no fossils will be destroyed or have removed the 
fossils, development and removing of the topsoil can continue. 

6. After this process the same palaeontologist / palaeobotanist will have to inspect and offer advice 
through the Phase 2 Mitigation Process. Bedrock excavations for footings may expose, damage or 
destroy previously buried fossil material and must be inspected. 

7. When permission for the development is granted, the next layer can be removed, if this is part of a 
fossiliferous layer, then with the removal of each layer of sediment, the palaeontologist / palaeobotanist 
must do an investigation (a minimum of once a week). 

8. At this stage the palaeontologist / palaeobotanist in consultation with the developer / mining company 
must ensure that a further working protocol and schedule is in place. Onsite training should take place, 
followed by an annual visit by the palaeontologist / palaeobotanist. 

Fossil excavation if necessary during Phase 2: 

1. Photography of fossil / fossil layer and surrounding strata. 
2. Once a fossil has been identified as such, the task of extraction begins. 
3. It usually entails the taking of a GPS reading and recording lithostratigraphic, biostratigraphic, date, 

collector and locality information. 
4. Use Paraloid (B-72) as an adhesive and protective glue, parts of the fossil can be kept together (not 

necessarily applicable to plant fossils). 
5. Slowly chipping away of matrix surrounding the fossil using a geological pick, brushes and chisels. 
6. Once the full extent of the fossil / fossils is visible, it can be covered with a plaster jacket (not 

necessarily applicable to plant fossils). 
7. Chipping away sides to loosen underside. 
8. Splitting of the rock containing palaeobotanical material should reveal any fossils sandwiched between 

the layers. 

SAHRA Documents: 
Guidelines to Palaeontological Permitting Policy. 
Minimum Standards: Palaeontological Component of Heritage Impact Assessment reports. 
Guidelines for Field Reports. 
Palaeotechnical Reports for all the Provinces. 
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Section Point in Act Heading 
B 1(c) Outline of development project 
 1(d) Summary of findings 
 1(g) Concerns/threats: 
 1(n)i “ 
 1(n)ii “ 
 1(o) “ 
 1(p) “ 
D 1(h) Figures 
 1(a)i Terms of reference 
H 1(e) Description of Methodology 
 1(i) Assumptions and Limitations 
I 1(f) Heritage value 
J 1(j) Recommendation 
 1(l) “ 
 1(m) Sampling and collecting 
 1(k) “ 
Declaration 1(b) Declaration 
Appendix 2 1(k) Protocol for finds 
 1(m) “ 
 1(q) “ 

. 



March 2020  1784950-328207-11 

 

 
 

   
 

TRAFFIC REPORT 

 

 



 

 
 
 

 
 
 
 
 

EXXARO TURFVLAKTE FARM 463-LQ 
LEPHALALE 

(Proposed Coal Mining Establishment) 

 
 

TRAFFIC IMPACT ASSESSMENT (TIA) 
REPORT 2017-125 

OCTOBER 2018 

 
CLIENT: GOLDER ASSOCIATES AFRICA (PTY) LTD 

 

 

 
 
 

PREPARED BY: 
EDS Engineering Design Services (Pty) Ltd 

Old Farm Office Park, Block E & F 
881 Old Farm Road 

Faerie Glen 
P.O Box 33920 
GLENSTANTIA 

0010 
Tel (012) 991 1205 

Fax (012) 991 1373 
 

 
 
 

                  EDS Engineering Design Services (Pty) Ltd   Reg. No: 2006/021564/07 VAT No: 4190230971 
Directors: C.P. Bruyns Pr Eng (Chairperson), H.J. Fekken Pr Eng, G. van der Walt Pr Eng 

Senior Associates: G.D. Joubert Pr Eng, H.S. Steenkamp Pr Eng 

Associates: S. Maroya Pr Tech Eng.



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        1 October 2018 

 
EDS Engineering Design Services (Pty) Ltd 
Old Farm Office Park, Block E & F 
881 Old Farm Road 
Faerie Glen 
P.O Box 33920 
GLENSTANTIA 
0010 
Tel (012) 991 1205 
Fax (012) 991 1373 

 
 
 
 
Traffic Impact Assessment Information Sheet 
 
 
Local authority                        : Lephalale Local Municipality 
 
Property description              : Turfvlakte Farm 463-LQ Lephalale 
 
Development type  : Mining        
 
 
Authors of report: 
 
 
 
 

 
Reviewed by 

 
Compiled by 

 
Garnet van der Walt 

 
Jonas Makala 

 
Qualifications 

 
B Eng, Hons (Transportation) 

 
B. Tech. (Transportation) 

 
ECSA Registration 

 
Pr Eng.: 990171 

 
Pr Techni Eng.: 201330047 

 
 
 
 
 
 
 

 
 
 

 
 
 
 
 

 
  



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        2 October 2018 

EXXARO TURFVLAKTE FARM 463-LQ LEPHALALE 
 

Traffic Impact Assessment (TIA)   
 

Chapter Description Page 

1 INTRODUCTION 5 

1.1 Background 5 

1.2 Site Location 5 

1.3 Methodology 9 

2 PROPOSED DEVELOPMENT & ACCESS 10 

2.1 Proposed Development 10 

2.3 Site Access 11 

2.4 Latent Right Development 11 

3 DATA COLLECTION 13 

3.1 Traffic Counts 13 

3.2 Geometric Layout of the Intersections 13 

4 TRIP GENERATION 17 

4.1 General 17 

4.2 Envisaged Mining Operation 17 

4.3 Development Trip Generation 17 

4.4 Trip Distribution & Assignment 18 

5 TRAFFIC DEMAND 21 

5.1 Future Background Traffic Demand 21 

5.2 Latent Traffic Demand 21 

5.3 Total Future Traffic Demand 21 

6 DEFINITIONS RELEVANT TO CAPACITY ANALYSIS 30 

7 TRAFFIC IMPACT & CAPACITY ANALYSIS 31 

7.1 Capacity Analyses 31 

7.2 Traffic Impact & Intersections Improvements 31 



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        3 October 2018 

8 NON-MOTORISED & PUBLIC TRANSPORT 38 

9 CONCLUSIONS AND RECOMMENDATIONS 39 

10 REFERENCES 41 
 
 
 



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        4 October 2018 

Figures 
 

Figures Description  

 
Figure 1.1: Locality Plan – Regional Context 
Figure 1.2: Locality Plan - Local Context 
Figure 1.3: Extract of the RAL Road Management Systems (Dated 08-04-2009) 
Figure 2.1: Location of The Latent Development Relative To The Subject Site 
Figure 3.1: Positions of Intersections Counted 
Figure 3.2: Existing 2018 AM Peak Hour Traffic Volumes  
Figure 3.3: Existing 2018 PM Peak Hour Traffic Volumes  
Figure 4.1: Estimated Development Trip Assignment – AM Peak 
Figure 4.2: Estimated Development Trip Assignment – PM Peak 
Figure 5.1: Future 2023 AM Peak Hour Traffic Volumes  
Figure 5.2: Future 2023 PM Peak Hour Traffic Volumes  
Figure 5.3: Estimated Latent Trip Assignment – AM Peak 
Figure 5.4: Estimated Latent Trip Assignment – PM Peak 
Figure 5.5: Existing 2018 AM Peak Hour Traffic With Development   
Figure 5.6: Existing 2018 PM Peak Hour Traffic With Development   
Figure 5.7: Total Future 2023 Traffic Demand – AM Peak 
Figure 5.8: Total Future 2023 Traffic Demand – PM Peak 
Figure 7.1: Intersection Geometry:  D2001 / Exxaro Warehouse Deliveries 
Figure 7.2: Intersection Geometry:  D2001 / Grootgeluk Mine Access 
Figure 7.3: Intersection Geometry:  D2001 / Matimba Power Station Access 
Figure 7.4: Intersection Geometry:  D2001 / D1675 Intersection 
Figure 7.5: Intersection Geometry:  D1675 / D2649 Intersection 
 

 
Annexure 

 

Annexure  Description  

 
Annexure A:  Proposed Site Layout Plan 
Annexure B:  Outputs of the SIDRA 7 Intersection Capacity Analyses 
 



2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA     5 October 2018 

1 INTRODUCTION 

1.1 Background 

EDS Engineering Design Services (Pty) Ltd were appointed by Golder Associates Africa (Pty)
Ltd to undertake a Traffic Impact Assessment (TIA) Report in support of the proposed mining
development as part of the environmental impact assessment (EIA).
The proposed Turfvlakte Mining Pits will be situated within the current Exxaro Coal (Pty) Ltd -
Grootegeluk mining rights area, in the Lephalale District, Limpopo Province. Grootegeluk Coal
Mine is situated approximately 20km to the west of Lephalale / Ellisras. The proposed
development of these additional opencast pits and associated infrastructure will be situated on
the eastern portion of the Turfvlakte Farm. Access routes, pipelines and power lines will run
through remaining Grootegeluk Mining Rights area, so as to link up to the existing mine
infrastructure.
This TIA considers the worst case from a traffic impact point of view. The TIA considered the
construction, operation and rehabilitation phases in terms of the anticipated traffic impact on
the surrounding external roads network.
Exxaro intends to develop Turfvlakte for the mining of coal and to beneficiate coal on-site. 
The coal will be transported via railway system to Richards Bay Coal Terminal. The coal 
mining and haulage activities will take place within the site.
This traffic impact assessment investigates and reports on the following;
 Assessment of existing and required roads infrastructure for the mine
 Anticipated trip generation and assignment
 Need to implement road and/or intersections improvements required to mitigate the

anticipated traffic impact
Comments are also made in respect of the site access as well as the non-motorised & public
transport in this study.
This TIA has been undertaken in accordance with the requirements and guidelines as set out
in the TMH 16 Volume 2 (South African Traffic Impact and Site Impact Assessment Standards
and Requirements Manual), COTO, Version 1 dated August 2012.

1.2 Site Location 

The site is located some 20km to the west of Lephalale CBD (see Figure 1.1). In terms of 
local context, the site may be described as being located to the north of Medupi Power Station 
and to the east of Grootgeluk Mine (see Figure 1.2). 

According to the road management system (dated 08-04-2009) issued by the Limpopo Roads 
Agency (RAL), Road D2001 is a district road whilst Road D1675 falls within the jurisdiction of 
the RAL (see Figure 1.3). 



Figure 1.1Locality Plan – Regional Context 
Exxaro Turfvlakte Farm 463-LQ Lephalale
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Figure 1.2Locality Plan – Local Context
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Figure 1.3
Extract of the RAL Road Management Systems (Dated 08-04-2009)
Exxaro Turfvlakte Farm 463-LQ Lephalale
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1.3 Methodology  

 
Methodology for this report included the following: 
 

- Client meeting to gain an understanding of the operation of the plant. 
- A site visit to observe current travel patterns and to gain an understanding of the 

area, access routes and existing issues on surrounding roads. 
- Traffic counts at various intersections over a 12-hour period (6am to 6pm) on a 

typical week day.   
- Consideration of any appropriate latent rights and future committed development 

planning and road planning – as far as possible and if information is available. 
- Analysis of the current and expected future traffic flows at the intersections; 
- Consider relevant roads authority road network planning where applicable 
- Trip generation estimations, distribution and assignment 
- Site access investigation (high level). 
- Consideration of the appropriate horizon year for the analysis (with and without 

project traffic) where applicable. 
- Comment on proposed on-site linkage and circulation.   
- Consideration of workers and public transport requirements and facilities required 

(such as lay-byes and bus turning facilities and pedestrian pathways). 
- Preparation of conceptual layouts indicating access requirements and intersection 

upgrades. 
- Technical reporting and capturing of all the findings, conclusions and 

recommendations 
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2 PROPOSED DEVELOPMENT & ACCESS  

 

2.1 Proposed Development   

 
It is envisaged to establish coal mining operations within the current Exxaro Coal (Pty) Ltd - 
Grootegeluk mining rights area, in the Lephalale District, Limpopo Province. Existing 
Grootegeluk Coal Mine is situated approximately 20km to the west of Lephalale / Ellisras. The 
proposed mining operations will result in expansion of the existing Grootegeluk Coal Mine. 
 
The proposed development consists of additional opencast pits and associated infrastructure 
and will be situated on the eastern portion of the Turfvlakte Farm. Production rates will be 
determined by the maximum production of three million tonnes per annum. 
 
Access routes, pipelines and power lines will run through remaining Grootegeluk Mining
Rights area, so as to link up to the existing mine infrastructure.
Exxaro intends to develop Turfvlakte for the mining of coal and to beneficiate coal on-site. 
The coal will be transported via railway system to Richards Bay Coal Terminal. So, the coal 
mining and haulage activities will take place within the site.
Appended in Annexure A of this study is the proposed site layout plan indicating location of
the existing (Grootegeluk Coal Mine) and proposed (Turfvlakte Farm) mining operations.

 

 

2.2 Envisaged Mining Operation  

 
Trip generation expected from the proposed mine is dependent on the envisaged operations 
of the mine. The following information, describes how the proposed mine will operate and it is 
regarded as the basis of estimating development trip generation of the proposed development; 

• Total number of personnel = 120 employees 

• Total number of management = 10 of total 120 employees 

• Total number of skilled and semi-skilled labour = 15 of total 120 employees 

• Total number of unskilled labour = 95 of total 120 employees 

• The mine will be operated 24 hours a day, in 2 X 12-hour shifts  

• Mined coal will be transported by railway to Richards Bay Coal Terminal 

• The 100-ton trucks will be used internally (for coal and overburden operations)  

• Exxaro will provide bus transport for commuting purposes of unskilled labour  

• Coal haulage truck trips will take place on-site and not on the external roads   
 
Note: The project is still in the concept phase, the information provided above includes 
reasonable, maximum potential assumptions for the purpose of this traffic impact assessment.       



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        11 October 2018 

 

2.3 Site Access    

 
In terms of access, the existing Grootegeluk Mine is currently accessible from Road D2001, 
whereby access road to Marapong Township intersects with D2001. The intersection of 
D2001, access to Marapong and access to existing Grootegeluk Mine is currently signalised.  
The proposed operations on the Turfvlakte Farm will share the existing access (to the external 
roads network) with the existing Grootegeluk Mine, at the signalised intersection.  
Location of the site access intersection is shown as Intersection 2 in Figure 3.1 later in this 
study.     
 

 

2.4 Latent Right Development   

 
A latent right development to be situated on Farms McCabesvley 311 LQ, Jackalsvley 309 
LQ, Zaagput 307 LQ, Vanderwaltspan 310 LQ and Vaalpensloop 313 LQ and known as 
Exxaro Thabametsi Coal Mine has been accounted for in this study.  
 
Location of this development relative to the subject site is shown schematically in Figure 2.1 
of this study.  
 
A traffic impact assessment (TIA) for this mining development was undertaken by ITS 
Engineers in the year 2012.  
 
 

 
 
 
 
 
 
 
 
  



Figure 2.1
Location of The Latent Development Relative To The Subject Site
Exxaro Turfvlakte Farm 463-LQ Lephalale

Not to scale – Diagrammatic only
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3 DATA COLLECTION 

 

3.1 Traffic Counts 

 
Traffic counts were conducted during the weekday, from 06:00am to 18:00pm on the 24th of 
March 2017 at the following key intersections: 
 

o D2001 / Exxaro Warehouse Deliveries Intersection 
o D2001 / Grootgeluk Mine Access Intersection  
o D2001 / Matimba Power Station Access Intersection 
o D2001 / D1675 Intersection  
o D1675 / D2649 Intersection  

Positions of the above-mentioned key intersections are depicted in Figure 3.1.  
 
Traffic counts undertaken in 2017 have been escalated to the current year 2018 as an annual 
traffic growth rate of 3% per annum for the propose of this study. 
 
From the traffic counts undertaken, a common peak hour (the busiest hour) was determined 
for each peak period and was found to be: 
 

• Weekday AM     06:00 – 07:00 

• Weekday PM    16:15 – 17:15 
 
The existing weekday AM and PM peak hour traffic volumes at the counted intersections are 
shown on Figures 3.2 and 3.3 respectively 
 
 

 

3.2 Geometric Layout of the Intersections  

 
Existing geometric layouts of the key intersections were obtained on site during the site visit 
and were used for base case analyses purposes.    



Figure 3.1
Intersections Considered 
Exxaro Turfvlakte Farm 463-LQ Lephalale

Not to scale – Diagrammatic only
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Intersection 3 (GPS Coordinates: 23ᵒ 40` 40.61” S    27ᵒ 36` 15.21” E)
Intersection 4 (GPS Coordinates: 23ᵒ 41` 16.12” S    27ᵒ 37` 01.39” E)
Intersection 5 (GPS Coordinates: 23ᵒ 41` 47.98” S    27ᵒ 35` 20.12” E)
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Figure 3.2
Existing 2018 AM Peak Hour Traffic Volumes 
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2

3

4

Access

5

Not to scale – Diagrammatic only

Grootgeluk 
Mine Access

Exxaro 
Warehouse 
Deliveries



Figure 3.3
Existing 2018 PM Peak Hour Traffic Volumes 
Exxaro Turfvlakte Farm 463-LQ Lephalale

2

3

4

Access

5

Not to scale – Diagrammatic only

Grootgeluk 
Mine Access

Exxaro 
Warehouse 
Deliveries



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        17 October 2018 

4 TRIP GENERATION  

 

4.1 General   

 
The South African Trip Generation Rate Manual issued by the Department of Transport, as 
well as the TMH17 issued by the Committee of Transport Officials (COTO) do not make 
provision for mining types of developments in terms of trip generation rates. 
It was therefore considered appropriate to rather determine the expected trip generation 
estimations based on the envisaged operation of the proposed mine.   
 

 

4.2 Envisaged Mining Operation  

 
Trip generation expected from the proposed mine is dependent on the envisaged operation of 
the mine. The following information, inter alia, describes how the proposed mine will operate 
and it is regarded as the key basis of the expected development trip generation; 

• Total number of personnel = 120 employees 

• Total number of management = 10 of total 120 employees 

• Total number of skilled and semi-skilled labour = 15 of total 120 employees 

• Total number of unskilled labour = 95 of total 120 employees 

• The mine will be operated 24 hours a day, in 2 X 12-hour shifts  

• Mined coal will be transported by railway to Richards Bay Coal Terminal 

• The 100-ton trucks will be used internally (for coal and overburden operations)  

• Exxaro will provide bus transport for commuting purposes of unskilled labour  

• Coal haulage truck trips will take place on-site and not on the external roads   
 

 

4.3 Development Trip Generation  

 
Understanding of the envisaged mining operation plays a significant role in trip generation 
estimation of the proposed development. This information together with the following 
appropriate assumptions has been translated into expected development peak hourly trips; 

• 100% of management, skilled and semi-skilled labour would commute using their own 
/ company vehicles (see Table 4.1) – occupancy of 1 person per vehicle is assumed. 

• 100% of unskilled labour would commute using staff / public transport (Bus / Minibus 
Taxi) - see Table 4.1. 
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• Capacity of the staff transport (bus / minibus taxi) is estimated at 14 seated 
passengers (14 seater) – 100% vehicle occupancy assumed. 

• 0% of the coal haulage trucks will be generated on the external roads network (coal 
mined will be exported to Richards Bay).  

• The split percentages of 85/15 (AM) and 20/80 (PM) recommended in the TMH17 for 
Office land uses has been used.  

• It has been assumed for the worst-case analysis (for the purpose of this study) that 
change of shifts will occur during the critical weekday peak periods. 

• The maximum development trip generation will take place during the 1-hour period (for 
the worst-case scenario analyses of this study).  

 
Table 4.1: Conversion of personnel to number of vehicular trips  

Personnel Mode of Transport & Number of People  Total 
Vehicle 
Trips 

Expected 
Category No. of 

People 
Light Vehicles Bus / Minibus Taxi 

People Vehicles People Vehicles 

Management  10 10 10 - - 10 

Skilled & semi-skilled labour 15 15 15 - - 15 

Unskilled labour  95 - - 95 14 14 

Total 120 - 39 

 
Using the parameters and assumptions made above, it is estimated that the mining personnel 
would generate a total (in plus out) of 39 trips during the respective weekday AM and PM peak 
periods. This excludes the truck trips which will be generated within the site. 
Table 4.2 summarises the expected development trip generation.  
Table 4.2: Summary of estimated development trip generation  

Type of vehicles  
AM Peak Hour PM Peak Hour 

In Out Total In Out Total 
85% 15% 100% 20% 80% 100% 

  Management, skilled & semi-skilled labour 21 4 25 5 20 25 
  Unskilled labour 12 2 14 3 11 14 

Total 33 6 39 8 31 39 

 
 

 

4.4 Trip Distribution & Assignment  

 
Assumptions on the expected trip distribution and assignment were based on the type of the 
development, location of its access point relative to the surrounding roads network, anticipated 
origin and destination of trips as well as the existing traffic volumes and patterns in the area. 
Figures 4.1 and 4.2 depict summary of the expected development trip assignment.   



Figure 4.1
Estimated Development Trip Assignment – AM Peak 
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Figure 4.2
Estimated Development Trip Assignment – PM Peak 
Exxaro Turfvlakte Farm 463-LQ Lephalale

2

3

4

Access

5

Not to scale – Diagrammatic only

Grootgeluk 
Mine Access

Exxaro 
Warehouse 
Deliveries



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        21 October 2018 

5 TRAFFIC DEMAND 

 

5.1 Future Background Traffic Demand  

 
The expected background traffic growth rate has been estimated in accordance with the 
guidelines of the following documents; 
 Traffic TMH 16 Volume 2 (South African Traffic Impact and Site Impact Assessment 

Standards and Requirements Manual), COTO, Version 1 dated August 2012. 

 The South African Trip Data Manual (TMH 17 – Volume 1 Dated September 2012)  
It is anticipated that the 2018 background traffic would escalate at an estimated annual growth 
rate of 3,0% to the future 2023 base year (i.e. a 5-year horizon).  
Figures 5.1 and 5.2 depict the estimated future 2023 background peak hour traffic demand. 
 

 

5.2 Latent Traffic Demand 

 
The anticipated trip assignment for the latent right development known as Exxaro Thabametsi 
Coal Mine is depicted on Figures 5.3 and 5.4.   
 

 

5.3 Total Future Traffic Demand  

 
Figures 5.5 and 5.6 depict the existing 2018 traffic demand with development trips. 
Figures 5.7 and 5.8 depict the total future 2023 traffic demand, which is the estimated future 
2023 background traffic plus the latent traffic demand plus the estimated development trips. 

  



Figure 5.1
Future 2023 AM Peak Hour Traffic Volumes
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Figure 5.2
Future 2023 PM Peak Hour Traffic Volumes 
Exxaro Turfvlakte Farm 463-LQ Lephalale

2

3

4

Access

5

Not to scale – Diagrammatic only

Grootgeluk 
Mine Access

Exxaro 
Warehouse 
Deliveries



Figure 5.3
Estimated Latent Trip Assignment – AM Peak
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Figure 5.4
Estimated Latent Trip Assignment – PM Peak 
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Figure 5.5
Existing 2018 AM Peak Hour Traffic With Development 
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Figure 5.6
Existing 2018 PM Peak Hour Traffic With Development 
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Figure 5.7
Total Future 2023 Traffic Demand – AM Peak
Exxaro Turfvlakte Farm 463-LQ Lephalale
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Figure 5.8
Total Future 2023 Traffic Demand – PM Peak
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6 DEFINITIONS RELEVANT TO CAPACITY ANALYSIS 

 
The following definitions from the 2000 Highway Capacity Manual are used in this report.  A 
revised LOS method for vehicles were introduced in HCM 2010 (TRB 2010).  It offers an 
important variation on the Delay (HCM 2000) method in using both the average control delay 
and the v/c (demand volume / capacity) ratio, or degree of saturation for LOS determination.   
 
Capacity 
The maximum hourly rate at which vehicles can reasonably be expected to traverse a lane or 
roadway during a given period under prevailing traffic and control conditions. 
 
Volume 
The hourly rate of vehicle arrivals at an intersection. 
 
Volume to capacity ratio (v/c) 
Is the ratio of volume to capacity. 
 
Level of service 
Level of service is defined in terms of delay.  Delay is a measure of driver discomfort, 
frustration, fuel consumption and lost travel time.  The levels of service for signalised and 
unsignalised intersections as defined in the Highway Capacity Manual are tabulated in  
Table 6.1 below. 
 
Table 6.1: Delay & v/c (HCM 2010) definitions for LOS Based on delay and v/c ratio 

Level of 
Service 

for 
v/c≤1.0 

Rating 

Average delay per vehicle in seconds (d) 
Level of 

Service for 
for v/c>1.0  

Signals  
“SIDRA 

Roundabout 
LOS” option 

Priority Control 
(HCM2010 default 
for roundabouts) 

All 
Intersection 

Types 

A Excellent d ≤ 10 d ≤ 10 d ≤ 10 F 

B Very Good 10 < d ≤ 20 10 < d ≤ 20 10 < d ≤ 15 F 

C Good 20 < d ≤ 35 20 < d ≤ 35 15 < d ≤ 25 F 

D Acceptable 35 < d ≤ 55 35 < d ≤ 50 25 < d ≤ 35 F 

E Poor 55 < d ≤ 80 50 < d ≤ 70 35 < d ≤ 50 F 

F Very Poor 80 < d 70 < d 50 < d F 
Note: v/c (demand volume / capacity) ratio, or degree of saturation: v/c > 1.0 represents oversaturated conditions.    
 
An intersection is deemed to be operating acceptably at levels of service A to D.  If an 
intersection operates at a level of service E or F or has a volume to capacity ratio higher than 
0.95 the intersection is considered to be operating at capacity. 
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7 TRAFFIC IMPACT & CAPACITY ANALYSIS 

 

7.1 Capacity Analyses  

 
In order to determine the expected traffic impact of the proposed development at the key 
intersections within the study area, the capacity analysis was carried out using Sidra 
Intersection 7, a traffic engineering software package. The following key intersections (see 
Figure 3.1) were analysed: 

o D2001 / Exxaro Warehouse Deliveries Intersection 
o D2001 / Grootgeluk Mine Access Intersection  
o D2001 / Matimba Power Station Access Intersection 
o D2001 / D1675 Intersection  
o D1675 / D2649 Intersection  

The weekday AM and PM peak hours are considered the most critical peaks to analyse. The 
critical peak hour analyses were considered for the following two scenarios; 

o Scenario 1: The existing 2018 background peak hour traffic flows without development 
– as per Figures 3.2 and 3.3. From this scenario one can tell if the intersection 
currently operates at acceptable or congested levels of service during the peak periods.  

o Scenario 2: The existing 2018 background peak hour traffic flows with development – 
as per Figures 5.5 and 5.6. From this scenario one can tell if the intersection has 
ample spare capacity to accommodate the anticipated development trips or upgrades 
will be required to mitigate the anticipated traffic impact of the proposed development.   

o Scenario 3: Future 2023 background peak hour traffic flows without development – as 
per Figures 5.1 and 5.2.  

o Scenario 4: Total future 2023 peak hour traffic demand - as per Figures 5.7 and 5.8. 
This includes the future background traffic demand, estimated latent trips as well as the 
estimated development trips. 

Detailed results of Sidra Intersection Capacity Analysis for each scenario are appended in 
Annexure B. 
 

 

7.2 Traffic Impact & Intersections Improvements 

 
The results of Sidra Intersection Capacity Analyses (see Annexure B) and traffic impact at 
each analysed intersection may be briefly described as follows;  
D2001 / Exxaro Warehouse Deliveries Intersection: - This intersection currently operates at 
acceptable levels of service during the critical weekday peak periods and it has ample spare 
capacity to continue operating acceptably with the total future traffic demand. The proposed 
development would have negligible traffic impact at this intersection.  
Figure 7.1 depicts the existing intersection geometry. 
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Figure 7.1: Intersection Geometry:  D2001 / Exxaro Warehouse Deliveries Intersection 

Existing Intersection Geometry (Stop Controlled) 

 
 

 
Intersection Upgrades NOT Required 
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D2001 / Grootgeluk Mine Access Intersection: - This intersection currently operates at 
acceptable levels of service during the critical weekday peak periods and it has ample spare 
capacity to continue operating acceptably with the total future traffic demand. The proposed 
development would have negligible traffic impact at this intersection. 
Figure 7.2 depicts the existing intersection geometry. 
 
D2001 / Matimba Power Station Access Intersection: - This intersection currently operates at 
acceptable levels of service during the critical weekday peak periods and it has ample spare 
capacity to continue operating acceptably with the total future traffic demand. The proposed 
development would have negligible traffic impact at this intersection. The intersection will 
approach its capacity during the critical weekday morning (AM) peak period in the future with 
the total future traffic demand.  
Figure 7.3 depicts the existing intersection geometry. 
 
D2001 / D1675 Intersection: - This intersection already operates at congested levels of service 
during both critical weekday peak periods.  A TIA undertaken for the latent right development 
allowed for in this study (namely: Exxaro Thabametsi Coal Mine) has identified a need to 
upgrade this intersection as per the layout shown in Figure 7.4 of this study. The proposed 
development would have negligible traffic impact at this intersection. 
This latent intersection upgrade would suffice to accommodate the total future traffic demand 
and thus additional upgrades would not be required.  
Figure 7.4 depicts the existing and latent intersection geometry. 
 
D1675 / D2649 Intersection: - This intersection already operates at congested levels of service 
during the critical weekday peak periods.  It is recommended that the Roads Agency Limpopo 
(RAL) consider upgrading of this intersection to a “butterfly” configuration, whereby traffic 
travelling along the D1675 towards D2001 flows freely past the intersection. Traffic on the 
D2649, entering D1675 and heading towards D2001 will have a dedicated, protected exit / 
receiving lane (unopposed traffic) which will then merge with the freely flowing traffic through 
the intersection. This type of intersection improves the capacity and safety of the right 
movements from the side of the road by allowing two stage gag acceptance by providing an 
acceleration lane in the middle of the road. A layout similar to the one described above has 
been constructed at the D2001 / Walter Sisulu Drive Intersection, where Onverwacht 
residential area is accessible to/from the D2001.  The proposed development would have 
negligible traffic impact at this intersection. 
Figure 7.5 depicts the existing intersection geometry. 
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Figure 7.2: Intersection Geometry:  D2001 / Grootgeluk Mine Access Intersection 

Existing Intersection Geometry (Signalised) 

 
 

 
Intersection Upgrades NOT Required 
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Figure 7.3: Intersection Geometry:  D2001 / Matimba Power Station Access Intersection 

Existing Intersection Geometry (All-way Stop Control) 

 

 

Intersection Upgrades NOT Required  
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Figure 7.4: Intersection Geometry:  D2001 / D1675 Intersection 

Existing Intersection Geometry (Stop Control) 

 

Proposed Intersection Geometry by Latent Rights (Signalised) 
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Figure 7.5: Intersection Geometry:  D1675 / D2649 Intersection 

Existing Intersection Geometry (Stop Control) 
 

 

Proposed Intersection Geometry for Background Traffic Demand (Priority Control) 
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8 NON-MOTORISED & PUBLIC TRANSPORT  

 
Given that the proposed mining operation would create job opportunities, it is thus important to 
note that this would stimulate demand for public transport. The expectation is that some of the 
mine workers would make use of the public transport service for commuting purposes. 
It is expected that public transport in the form of bus or minibus taxis will be provided by the 
mine to serve the commuting needs of the labour and some staff personnel. Possibility also 
exists for some or a group of workers to arrange themselves a transport.  
It is recommended, given the location of the proposed mine relative to the residential areas in 
the surroundings (Marapong and Lephalale) that the proposed mining development provides 
commuting transport to those workers who would be in need of such a service. 
The proposed mining development is supported from non-motorised and public transport 
needs perspective. 
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9 CONCLUSIONS AND RECOMMENDATIONS 

 
It is concluded from the investigations that;
- This TIA was undertaken in support of the proposed Turfvlakte Mining Pits to be situated

within the current Exxaro Coal (Pty) Ltd - Grootegeluk mining rights area, in the Lephalale
District, Limpopo Province.

- Exxaro intends to develop Turfvlakte for the mining of coal and to beneficiate coal on-
site. The coal will be transported via railway system to Richards Bay Coal Terminal.

- This traffic study investigates and reports on the following;
o Assessment of existing and required roads infrastructure for the mine
o Anticipated trip generation and assignment
o Need to implement road and/or intersections improvements required to mitigate the

anticipated traffic impact
- This study was conducted in terms of the requirements of the TMH 16 Volume 2 (South

African Traffic Impact and Site Impact Assessment Standards and Requirements Manual),
COTO, Version 1 dated August 2012.

- Manual traffic surveys were undertaken at the key intersections within the study area.
- According to the road management system (dated 08-04-2009) issued by the Limpopo

Roads Agency (RAL), Road D2001 is a district road whilst Road D1675 falls within the
jurisdiction of the RAL (see Figure 1.3).

- The proposed mining development is estimated to generate a total (inbound plus
outbound) at most 39 peak hour trips during the critical weekday AM and PM peaks. This
excludes the truck trips which will be generated within the site.

- The proposed new mining (Turfvlakte Farm) will use the existing access currently serving
the existing mining (Grootegeluk).

- The results of the capacity analyses indicated that the existing access to Grootegeluk
Mine has ample spare capacity to accommodate the expected development (Turfvlakte
Farm) trips.

- The results of the capacity analyses further indicated the following intersections upgrades
requirements;
o D2001 / D1675 Intersection: - Already congested LOS F, latent right development

proposed to signalise.
o D1675 / D2649 Intersection: - Already congested LOS F, upgrading required from

Roads Agency Limpopo (RAL) to restore the acceptable LOS.
- The proposed mining development is supported from non-motorised and public transport

needs perspective.

 
It is recommended that: 
- The intersections currently operating at congested levels of service, be upgraded by 

Roads Agency Limpopo (RAL) to restore the acceptable performance during the critical 
weekday peak periods. 
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- The intersection of D1675 / D2649 should be upgraded to a so called “butterfly” 
configuration to allow two stage gap acceptance for right turning vehicles from the side of 
the road. The cost of this is for the road authorities as the issue is an existing issue and 
not as a result of the proposed development. 

- The proposed mining establishment be supported from traffic and transportation 
engineering perspectives and therefore be approved by the affected roads authorities.   
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Annexure A  

 

Proposed Site Layout Plan 
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Annexure B  

 

Outputs of the SIDRA 7 Intersection Capacity Analyses at the following 
 D2001 / Exxaro Warehouse Deliveries Intersection 
 D2001 / Grootgeluk Mine Access Intersection  
 D2001 / Matimba Power Station Access Intersection 
 D2001 / D1675 Intersection  
 D1675 / D2649 Intersection  
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MOVEMENT SUMMARY 
 Site: 1  [Existing 2018 AM Peak Hour Traffic] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 20 2,0 0,011  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 1 2,0 0,001  0,0 LOS A  0,0  0,0  0,03  0,29 57,3 
3 R2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,03  0,29 55,5 
Approach 22 2,0 0,011  5,3 NA  0,0  0,0  0,00  0,55 53,8 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,02  0,99 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,02  0,99 51,7 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,02  0,99 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,02  0,99 51,6 
North: D2001 
7 L2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,00  0,28 55,9 
8 T1 4 2,0 0,003  0,0 LOS A  0,0  0,1  0,04  0,25 57,6 
9 R2 2 2,0 0,003  5,6 LOS A  0,0  0,1  0,06  0,23 55,8 
Approach 7 2,0 0,003  2,4 NA  0,0  0,1  0,04  0,25 56,8 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,7 
11 T1 1 2,0 0,013  8,4 LOS A  0,0  0,3  0,00  1,00 51,8 
12 R2 13 2,0 0,013  8,0 LOS A  0,0  0,3  0,00  1,00 51,5 
Approach 15 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,6 
All Vehicles 47 2,0 0,013  5,9 NA  0,0  0,3  0,01  0,67 53,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Existing 2018 PM Peak Hour Traffic] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 19 2,0 0,010  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 5 2,0 0,004  0,0 LOS A  0,0  0,1  0,01  0,17 58,4 
3 R2 2 2,0 0,004  5,5 LOS A  0,0  0,1  0,01  0,17 56,6 
Approach 26 2,0 0,010  4,5 NA  0,0  0,1  0,00  0,46 54,7 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,00  1,00 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,00  1,00 51,7 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,00  1,00 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,00  1,00 51,6 
North: D2001 
7 L2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,00  0,50 54,1 
8 T1 2 2,0 0,002  0,0 LOS A  0,0  0,0  0,06  0,23 57,7 
9 R2 1 2,0 0,002  5,6 LOS A  0,0  0,0  0,06  0,20 56,1 
Approach 4 2,0 0,002  2,8 NA  0,0  0,0  0,04  0,29 56,4 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,7 
11 T1 1 2,0 0,013  8,4 LOS A  0,0  0,3  0,00  1,00 51,7 
12 R2 13 2,0 0,013  8,0 LOS A  0,0  0,3  0,00  1,00 51,5 
Approach 15 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,6 
All Vehicles 48 2,0 0,013  5,7 NA  0,0  0,3  0,01  0,65 53,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Existing 2018 AM Peak Hour Traffic WITH Development] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 20 2,0 0,011  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 2 2,0 0,002  0,0 LOS A  0,0  0,0  0,03  0,20 58,1 
3 R2 1 2,0 0,002  5,6 LOS A  0,0  0,0  0,03  0,20 56,3 
Approach 23 2,0 0,011  5,1 NA  0,0  0,0  0,00  0,52 54,0 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,02  0,98 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,02  0,98 51,7 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,02  0,98 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,02  0,98 51,6 
North: D2001 
7 L2 1 2,0 0,002  5,6 LOS A  0,0  0,0  0,00  0,21 56,5 
8 T1 7 2,0 0,005  0,0 LOS A  0,0  0,1  0,04  0,17 58,3 
9 R2 2 2,0 0,005  5,6 LOS A  0,0  0,1  0,05  0,16 56,5 
Approach 11 2,0 0,005  1,7 NA  0,0  0,1  0,03  0,18 57,7 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,7 
11 T1 1 2,0 0,013  8,5 LOS A  0,0  0,3  0,00  1,00 51,7 
12 R2 13 2,0 0,013  8,0 LOS A  0,0  0,3  0,00  1,00 51,5 
Approach 15 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,6 
All Vehicles 52 2,0 0,013  5,4 NA  0,0  0,3  0,01  0,62 53,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Existing 2018 PM Peak Hour Traffic WITH Development] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 19 2,0 0,010  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 8 2,0 0,006  0,0 LOS A  0,0  0,1  0,01  0,12 58,9 
3 R2 2 2,0 0,006  5,6 LOS A  0,0  0,1  0,01  0,12 57,0 
Approach 29 2,0 0,010  4,0 NA  0,0  0,1  0,00  0,41 55,2 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,01  1,00 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,01  1,00 51,6 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,01  1,00 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,01  1,00 51,5 
North: D2001 
7 L2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,00  0,41 54,8 
8 T1 3 2,0 0,002  0,0 LOS A  0,0  0,0  0,05  0,20 58,0 
9 R2 1 2,0 0,002  5,7 LOS A  0,0  0,0  0,05  0,16 56,5 
Approach 5 2,0 0,002  2,3 NA  0,0  0,0  0,04  0,23 57,0 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,7 
11 T1 1 2,0 0,013  8,5 LOS A  0,0  0,3  0,00  1,00 51,7 
12 R2 13 2,0 0,013  8,0 LOS A  0,0  0,3  0,00  1,00 51,5 
Approach 15 2,0 0,013  8,1 LOS A  0,0  0,3  0,00  1,00 51,6 
All Vehicles 53 2,0 0,013  5,2 NA  0,0  0,3  0,01  0,59 54,1 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Future 2023 AM Peak Hour Traffic] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 23 2,0 0,013  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 1 2,0 0,001  0,0 LOS A  0,0  0,0  0,03  0,29 57,3 
3 R2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,03  0,29 55,5 
Approach 25 2,0 0,013  5,3 NA  0,0  0,0  0,00  0,55 53,8 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,02  0,99 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,02  0,99 51,7 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,02  0,99 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,02  0,99 51,6 
North: D2001 
7 L2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,00  0,25 56,2 
8 T1 5 2,0 0,004  0,0 LOS A  0,0  0,1  0,04  0,22 57,9 
9 R2 2 2,0 0,004  5,6 LOS A  0,0  0,1  0,06  0,20 56,1 
Approach 8 2,0 0,004  2,1 NA  0,0  0,1  0,04  0,22 57,2 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,015  8,1 LOS A  0,0  0,3  0,01  1,00 51,7 
11 T1 1 2,0 0,015  8,4 LOS A  0,0  0,3  0,01  1,00 51,7 
12 R2 15 2,0 0,015  8,0 LOS A  0,0  0,3  0,01  1,00 51,5 
Approach 17 2,0 0,015  8,1 LOS A  0,0  0,3  0,01  1,00 51,6 
All Vehicles 54 2,0 0,015  5,9 NA  0,0  0,3  0,01  0,67 53,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Future 2023 PM Peak Hour Traffic] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 22 2,0 0,012  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 6 2,0 0,005  0,0 LOS A  0,0  0,1  0,01  0,15 58,6 
3 R2 2 2,0 0,005  5,5 LOS A  0,0  0,1  0,01  0,15 56,7 
Approach 31 2,0 0,012  4,4 NA  0,0  0,1  0,00  0,46 54,7 
East: Access 
4 L2 1 2,0 0,003  8,1 LOS A  0,0  0,1  0,00  1,00 51,6 
5 T1 1 2,0 0,003  8,5 LOS A  0,0  0,1  0,00  1,00 51,6 
6 R2 1 2,0 0,003  8,0 LOS A  0,0  0,1  0,00  1,00 51,4 
Approach 3 2,0 0,003  8,2 LOS A  0,0  0,1  0,00  1,00 51,5 
North: D2001 
7 L2 1 2,0 0,001  5,6 LOS A  0,0  0,0  0,00  0,50 54,2 
8 T1 2 2,0 0,002  0,1 LOS A  0,0  0,0  0,06  0,23 57,7 
9 R2 1 2,0 0,002  5,7 LOS A  0,0  0,0  0,07  0,20 56,1 
Approach 4 2,0 0,002  2,8 NA  0,0  0,0  0,05  0,29 56,4 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,015  8,1 LOS A  0,0  0,4  0,01  1,00 51,7 
11 T1 1 2,0 0,015  8,5 LOS A  0,0  0,4  0,01  1,00 51,7 
12 R2 15 2,0 0,015  8,0 LOS A  0,0  0,4  0,01  1,00 51,5 
Approach 17 2,0 0,015  8,1 LOS A  0,0  0,4  0,01  1,00 51,6 
All Vehicles 55 2,0 0,015  5,6 NA  0,0  0,4  0,01  0,64 53,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Total Future 2023 AM Peak Hour Traffic Demand] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 23 2,0 0,029  5,6 LOS A  0,0  0,0  0,00  0,25 56,2 
2 T1 196 2,0 0,085  0,0 LOS A  0,0  0,1  0,00  0,04 59,6 
3 R2 1 2,0 0,085  5,8 LOS A  0,0  0,1  0,00  0,00 58,0 
Approach 220 2,0 0,085  0,6 NA  0,0  0,1  0,00  0,07 59,2 
East: Access 
4 L2 1 2,0 0,004  8,2 LOS A  0,0  0,1  0,09  0,95 50,6 
5 T1 1 2,0 0,004  10,6 LOS B  0,0  0,1  0,09  0,95 50,7 
6 R2 1 2,0 0,004  10,4 LOS B  0,0  0,1  0,09  0,95 50,5 
Approach 3 2,0 0,004  9,7 LOS A  0,0  0,1  0,09  0,95 50,6 
North: D2001 
7 L2 1 2,0 0,008  5,6 LOS A  0,0  0,0  0,00  0,04 57,9 
8 T1 57 2,0 0,024  0,1 LOS A  0,0  0,1  0,03  0,03 59,6 
9 R2 2 2,0 0,024  6,6 LOS A  0,0  0,1  0,04  0,03 57,7 
Approach 60 2,0 0,024  0,4 NA  0,0  0,1  0,03  0,03 59,5 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,019  8,2 LOS A  0,1  0,5  0,27  0,89 51,2 
11 T1 1 2,0 0,019  10,6 LOS B  0,1  0,5  0,27  0,89 51,3 
12 R2 15 2,0 0,019  9,3 LOS A  0,1  0,5  0,27  0,89 51,1 
Approach 17 2,0 0,019  9,3 LOS A  0,1  0,5  0,27  0,89 51,1 
All Vehicles 300 2,0 0,085  1,2 NA  0,1  0,5  0,02  0,11 58,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 1  [Total Future 2023 PM Peak Hour Traffic Demand] 

D2001 / Exxaro Warehouse Deliveries 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 22 2,0 0,012  5,6 LOS A  0,0  0,0  0,00  0,58 53,5 
2 T1 58 2,0 0,032  0,0 LOS A  0,0  0,1  0,03  0,02 59,7 
3 R2 2 2,0 0,032  6,3 LOS A  0,0  0,1  0,03  0,02 57,8 
Approach 82 2,0 0,032  1,7 NA  0,0  0,1  0,02  0,17 57,8 
East: Access 
4 L2 1 2,0 0,004  8,3 LOS A  0,0  0,1  0,22  0,88 50,8 
5 T1 1 2,0 0,004  10,7 LOS B  0,0  0,1  0,22  0,88 50,8 
6 R2 1 2,0 0,004  10,4 LOS B  0,0  0,1  0,22  0,88 50,6 
Approach 3 2,0 0,004  9,8 LOS A  0,0  0,1  0,22  0,88 50,7 
North: D2001 
7 L2 1 2,0 0,026  5,6 LOS A  0,0  0,0  0,00  0,01 58,2 
8 T1 197 2,0 0,077  0,0 LOS A  0,0  0,1  0,00  0,01 59,9 
9 R2 1 2,0 0,077  5,9 LOS A  0,0  0,1  0,00  0,00 58,0 
Approach 199 2,0 0,077  0,1 NA  0,0  0,1  0,00  0,01 59,9 
West:  Exxaro Warehouse Deliveries 
10 L2 1 2,0 0,019  8,1 LOS A  0,1  0,5  0,00  1,00 50,8 
11 T1 1 2,0 0,019  10,6 LOS B  0,1  0,5  0,00  1,00 50,9 
12 R2 15 2,0 0,019  9,3 LOS A  0,1  0,5  0,00  1,00 50,7 
Approach 17 2,0 0,019  9,3 LOS A  0,1  0,5  0,00  1,00 50,7 
All Vehicles 301 2,0 0,077  1,1 NA  0,1  0,5  0,01  0,12 58,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Existing 2018 AM Peak Hour Traffic] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 1 2,0 0,008  18,7 LOS B  0,1  0,5  0,75  0,52 47,3 
2 T1 3 2,0 0,008  13,2 LOS B  0,1  0,5  0,75  0,52 48,5 
3 R2 137 2,0 0,316  20,6 LOS C  2,5  18,0  0,84  0,77 44,0 
Approach 141 2,0 0,316  20,4 LOS C  2,5  18,0  0,84  0,76 44,1 
East: D2001 
4 L2 107 2,0 0,080  6,3 LOS A  0,3  2,1  0,25  0,61 53,3 
5 T1 19 2,0 0,019  5,8 LOS A  0,2  1,5  0,51  0,37 54,8 
6 R2 243 2,0 0,313  12,7 LOS B  3,2  22,8  0,62  0,74 48,6 
Approach 369 2,0 0,313  10,5 LOS B  3,2  22,8  0,50  0,68 50,2 
North: Access to Marapong 
7 L2 356 2,0 0,192  5,6 LOS A  0,0  0,0  0,00  0,53 54,8 
8 T1 20 2,0 0,050  13,6 LOS B  0,4  2,9  0,77  0,58 48,5 
9 R2 4 2,0 0,050  19,1 LOS B  0,4  2,9  0,77  0,58 47,2 
Approach 380 2,0 0,192  6,2 LOS A  0,4  2,9  0,05  0,53 54,4 
West: D2001 
10 L2 3 2,0 0,003  11,3 LOS B  0,0  0,2  0,50  0,61 49,4 
11 T1 8 2,0 0,016  5,8 LOS A  0,1  1,1  0,51  0,47 53,1 
12 R2 5 2,0 0,016  11,4 LOS B  0,1  1,1  0,51  0,47 51,6 
Approach 17 2,0 0,016  8,6 LOS A  0,1  1,1  0,51  0,50 51,9 
All Vehicles 907 2,0 0,316  10,2 LOS B  3,2  22,8  0,37  0,63 50,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Existing 2018 PM Peak Hour Traffic] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 2 2,0 0,143  17,2 LOS B  1,5  10,4  0,73  0,58 49,1 
2 T1 91 2,0 0,143  11,6 LOS B  1,5  10,4  0,73  0,58 50,4 
3 R2 243 2,0 0,451  18,9 LOS B  4,4  31,2  0,83  0,79 44,9 
Approach 336 2,0 0,451  16,9 LOS B  4,4  31,2  0,80  0,73 46,3 
East: D2001 
4 L2 4 2,0 0,003  6,2 LOS A  0,0  0,1  0,23  0,57 53,4 
5 T1 23 2,0 0,027  7,6 LOS A  0,3  2,0  0,58  0,42 53,4 
6 R2 306 2,0 0,448  15,3 LOS B  4,8  34,5  0,74  0,78 47,0 
Approach 334 2,0 0,448  14,6 LOS B  4,8  34,5  0,72  0,75 47,4 
North: Access to Marapong 
7 L2 204 2,0 0,110  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
8 T1 1 2,0 0,004  10,8 LOS B  0,0  0,2  0,68  0,52 49,1 
9 R2 1 2,0 0,004  16,4 LOS B  0,0  0,2  0,68  0,52 47,8 
Approach 206 2,0 0,110  5,7 LOS A  0,0  0,2  0,01  0,53 54,8 
West: D2001 
10 L2 5 2,0 0,006  13,0 LOS B  0,1  0,5  0,57  0,63 48,3 
11 T1 9 2,0 0,013  7,5 LOS A  0,1  0,9  0,58  0,42 53,0 
12 R2 1 2,0 0,013  13,0 LOS B  0,1  0,9  0,58  0,42 51,5 
Approach 16 2,0 0,013  9,7 LOS A  0,1  0,9  0,57  0,49 51,2 
All Vehicles 892 2,0 0,451  13,3 LOS B  4,8  34,5  0,58  0,69 48,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Existing 2018 AM Peak Hour Traffic WITH Development] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 1 2,0 0,009  17,9 LOS B  0,1  0,6  0,73  0,51 48,0 
2 T1 4 2,0 0,009  12,4 LOS B  0,1  0,6  0,73  0,51 49,2 
3 R2 141 2,0 0,308  19,7 LOS B  2,5  18,1  0,82  0,76 44,5 
Approach 146 2,0 0,308  19,5 LOS B  2,5  18,1  0,82  0,75 44,6 
East: D2001 
4 L2 132 2,0 0,099  6,3 LOS A  0,4  2,6  0,25  0,61 53,3 
5 T1 19 2,0 0,020  6,4 LOS A  0,2  1,5  0,53  0,38 54,3 
6 R2 243 2,0 0,326  13,3 LOS B  3,3  23,8  0,64  0,75 48,1 
Approach 394 2,0 0,326  10,6 LOS B  3,3  23,8  0,51  0,68 50,0 
North: Access to Marapong 
7 L2 354 2,0 0,191  5,6 LOS A  0,0  0,0  0,00  0,53 54,8 
8 T1 27 2,0 0,059  12,8 LOS B  0,5  3,7  0,75  0,57 49,2 
9 R2 4 2,0 0,059  18,3 LOS B  0,5  3,7  0,75  0,57 47,9 
Approach 385 2,0 0,191  6,3 LOS A  0,5  3,7  0,06  0,53 54,3 
West: D2001 
10 L2 3 2,0 0,003  11,8 LOS B  0,0  0,2  0,52  0,61 49,0 
11 T1 8 2,0 0,021  6,4 LOS A  0,2  1,4  0,53  0,52 52,1 
12 R2 8 2,0 0,021  12,0 LOS B  0,2  1,4  0,53  0,52 50,7 
Approach 20 2,0 0,021  9,6 LOS A  0,2  1,4  0,53  0,54 51,0 
All Vehicles 945 2,0 0,326  10,2 LOS B  3,3  23,8  0,37  0,63 50,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 

 

 
  



   

2017-125_ Exxaro Turfvlakte Farm 463-LQ Lephalale_TIA                                        55 October 2018 

MOVEMENT SUMMARY 
 Site: 2  [Existing 2018 PM Peak Hour Traffic WITH Development] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 2 2,0 0,143  16,4 LOS B  1,5  10,7  0,71  0,56 49,6 
2 T1 97 2,0 0,143  10,8 LOS B  1,5  10,7  0,71  0,56 50,9 
3 R2 266 2,0 0,469  18,2 LOS B  4,7  33,7  0,82  0,79 45,3 
Approach 365 2,0 0,469  16,2 LOS B  4,7  33,7  0,79  0,73 46,7 
East: D2001 
4 L2 11 2,0 0,008  6,2 LOS A  0,0  0,2  0,23  0,58 53,4 
5 T1 23 2,0 0,028  8,2 LOS A  0,3  2,1  0,61  0,44 52,9 
6 R2 306 2,0 0,469  16,1 LOS B  5,0  35,9  0,77  0,79 46,5 
Approach 340 2,0 0,469  15,2 LOS B  5,0  35,9  0,74  0,76 47,1 
North: Access to Marapong 
7 L2 204 2,0 0,110  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
8 T1 3 2,0 0,007  10,1 LOS B  0,1  0,4  0,66  0,48 50,5 
9 R2 1 2,0 0,007  15,7 LOS B  0,1  0,4  0,66  0,48 49,1 
Approach 208 2,0 0,110  5,8 LOS A  0,1  0,4  0,01  0,53 54,8 
West: D2001 
10 L2 5 2,0 0,007  13,6 LOS B  0,1  0,5  0,60  0,63 47,9 
11 T1 9 2,0 0,013  8,1 LOS A  0,1  1,0  0,60  0,44 52,5 
12 R2 1 2,0 0,013  13,7 LOS B  0,1  1,0  0,60  0,44 51,0 
Approach 16 2,0 0,013  10,3 LOS B  0,1  1,0  0,60  0,50 50,8 
All Vehicles 929 2,0 0,469  13,4 LOS B  5,0  35,9  0,59  0,69 48,5 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Future 2023 AM Peak Hour Traffic] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 1 2,0 0,008  18,7 LOS B  0,1  0,5  0,75  0,52 47,3 
2 T1 3 2,0 0,008  13,2 LOS B  0,1  0,5  0,75  0,52 48,5 
3 R2 159 2,0 0,369  20,8 LOS C  3,0  21,3  0,86  0,78 43,9 
Approach 163 2,0 0,369  20,7 LOS C  3,0  21,3  0,85  0,77 44,0 
East: D2001 
4 L2 124 2,0 0,093  6,3 LOS A  0,3  2,4  0,25  0,61 53,3 
5 T1 22 2,0 0,022  5,8 LOS A  0,2  1,7  0,51  0,37 54,7 
6 R2 282 2,0 0,364  12,9 LOS B  3,8  27,3  0,64  0,75 48,4 
Approach 428 2,0 0,364  10,6 LOS B  3,8  27,3  0,52  0,69 50,1 
North: Access to Marapong 
7 L2 411 2,0 0,222  5,7 LOS A  0,0  0,0  0,00  0,53 54,8 
8 T1 23 2,0 0,059  13,6 LOS B  0,5  3,4  0,77  0,59 48,4 
9 R2 5 2,0 0,059  19,2 LOS B  0,5  3,4  0,77  0,59 47,2 
Approach 439 2,0 0,222  6,2 LOS A  0,5  3,4  0,05  0,53 54,4 
West: D2001 
10 L2 3 2,0 0,003  11,3 LOS B  0,0  0,2  0,50  0,61 49,4 
11 T1 9 2,0 0,018  5,8 LOS A  0,2  1,2  0,51  0,48 53,0 
12 R2 6 2,0 0,018  11,4 LOS B  0,2  1,2  0,51  0,48 51,5 
Approach 19 2,0 0,018  8,6 LOS A  0,2  1,2  0,51  0,50 51,9 
All Vehicles 1049 2,0 0,369  10,3 LOS B  3,8  27,3  0,37  0,63 50,7 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Future 2023 PM Peak Hour Traffic] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 2 2,0 0,166  17,3 LOS B  1,7  12,2  0,74  0,59 49,1 
2 T1 105 2,0 0,166  11,7 LOS B  1,7  12,2  0,74  0,59 50,3 
3 R2 282 2,0 0,523  19,3 LOS B  5,2  37,4  0,86  0,80 44,7 
Approach 389 2,0 0,523  17,2 LOS B  5,2  37,4  0,82  0,74 46,1 
East: D2001 
4 L2 5 2,0 0,004  6,2 LOS A  0,0  0,1  0,23  0,57 53,4 
5 T1 27 2,0 0,032  7,6 LOS A  0,3  2,4  0,58  0,43 53,3 
6 R2 355 2,0 0,520  15,7 LOS B  5,8  41,6  0,77  0,79 46,7 
Approach 387 2,0 0,520  15,0 LOS B  5,8  41,6  0,75  0,77 47,2 
North: Access to Marapong 
7 L2 237 2,0 0,128  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
8 T1 1 2,0 0,004  10,8 LOS B  0,0  0,2  0,68  0,52 49,1 
9 R2 1 2,0 0,004  16,4 LOS B  0,0  0,2  0,68  0,52 47,8 
Approach 239 2,0 0,128  5,7 LOS A  0,0  0,2  0,01  0,53 54,8 
West: D2001 
10 L2 6 2,0 0,008  13,0 LOS B  0,1  0,5  0,57  0,63 48,3 
11 T1 11 2,0 0,014  7,5 LOS A  0,1  1,0  0,58  0,42 53,0 
12 R2 1 2,0 0,014  13,1 LOS B  0,1  1,0  0,58  0,42 51,5 
Approach 18 2,0 0,014  9,8 LOS A  0,1  1,0  0,58  0,50 51,2 
All Vehicles 1034 2,0 0,523  13,6 LOS B  5,8  41,6  0,60  0,70 48,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Total Future 2023 AM Peak Hour Traffic Demand] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 1 2,0 0,010  18,8 LOS B  0,1  0,6  0,75  0,52 47,5 
2 T1 4 2,0 0,010  13,2 LOS B  0,1  0,6  0,75  0,52 48,6 
3 R2 163 2,0 0,383  20,9 LOS C  3,1  22,0  0,86  0,78 43,8 
Approach 168 2,0 0,383  20,7 LOS C  3,1  22,0  0,86  0,77 44,0 
East: D2001 
4 L2 148 2,0 0,112  6,3 LOS A  0,4  3,0  0,26  0,61 53,3 
5 T1 192 2,0 0,193  6,5 LOS A  2,3  16,4  0,57  0,47 54,2 
6 R2 285 2,0 0,382  13,0 LOS B  3,9  28,0  0,65  0,75 48,4 
Approach 625 2,0 0,382  9,4 LOS A  3,9  28,0  0,53  0,63 51,2 
North: Access to Marapong 
7 L2 422 2,0 0,228  5,7 LOS A  0,0  0,0  0,00  0,53 54,8 
8 T1 31 2,0 0,133  14,1 LOS B  1,0  7,4  0,79  0,67 47,1 
9 R2 29 2,0 0,133  19,6 LOS B  1,0  7,4  0,79  0,67 45,9 
Approach 482 2,0 0,228  7,0 LOS A  1,0  7,4  0,10  0,55 53,7 
West: D2001 
10 L2 9 2,0 0,010  11,3 LOS B  0,1  0,7  0,51  0,63 49,4 
11 T1 52 2,0 0,068  6,0 LOS A  0,7  4,9  0,53  0,45 53,9 
12 R2 9 2,0 0,068  11,6 LOS B  0,7  4,9  0,53  0,45 52,3 
Approach 71 2,0 0,068  7,5 LOS A  0,7  4,9  0,53  0,48 53,0 
All Vehicles 1346 2,0 0,383  9,9 LOS A  3,9  28,0  0,42  0,61 51,1 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 2  [Total Future 2023 PM Peak Hour Traffic Demand] 

D2001 / Grootgeluk Mine Access 
Signals - Fixed Time Isolated    Cycle Time = 45 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: Grootgeluk Mine Access 
1 L2 5 2,0 0,208  19,1 LOS B  2,0  14,3  0,79  0,63 47,9 
2 T1 112 2,0 0,208  13,5 LOS B  2,0  14,3  0,79  0,63 49,0 
3 R2 304 2,0 0,627  21,8 LOS C  6,2  44,5  0,92  0,84 43,4 
Approach 421 2,0 0,627  19,6 LOS B  6,2  44,5  0,88  0,78 44,8 
East: D2001 
4 L2 11 2,0 0,008  6,2 LOS A  0,0  0,2  0,23  0,58 53,4 
5 T1 69 2,0 0,073  6,6 LOS A  0,8  5,8  0,55  0,43 54,1 
6 R2 366 2,0 0,623  16,7 LOS B  6,6  46,9  0,82  0,82 46,1 
Approach 446 2,0 0,623  14,9 LOS B  6,6  46,9  0,76  0,76 47,3 
North: Access to Marapong 
7 L2 240 2,0 0,130  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
8 T1 3 2,0 0,025  13,5 LOS B  0,2  1,2  0,76  0,62 46,7 
9 R2 7 2,0 0,025  19,0 LOS B  0,2  1,2  0,76  0,62 45,5 
Approach 251 2,0 0,130  6,1 LOS A  0,2  1,2  0,03  0,53 54,4 
West: D2001 
10 L2 31 2,0 0,034  12,0 LOS B  0,3  2,5  0,54  0,66 48,9 
11 T1 180 2,0 0,191  7,1 LOS A  2,3  16,2  0,60  0,49 53,7 
12 R2 1 2,0 0,191  12,6 LOS B  2,3  16,2  0,60  0,49 52,2 
Approach 212 2,0 0,191  7,8 LOS A  2,3  16,2  0,59  0,51 53,0 
All Vehicles 1329 2,0 0,627  13,6 LOS B  6,6  46,9  0,64  0,68 48,5 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Existing 2018 AM Peak Hour Traffic] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 377 2,0 0,652  14,0 LOS B  3,9  28,0  0,83  1,50 48,6 
3 R2 257 2,0 0,652  17,1 LOS C  3,9  28,0  0,89  1,63 46,9 
Approach 634 2,0 0,652  15,3 LOS C  3,9  28,0  0,85  1,55 47,9 
East: Matimba Power Station Access 
4 L2 15 2,0 0,076  17,7 LOS C  0,3  1,9  0,99  1,25 46,7 
6 R2 1 2,0 0,006  15,8 LOS C  0,0  0,2  1,00  1,23 47,3 
Approach 16 2,0 0,076  17,6 LOS C  0,3  1,9  0,99  1,25 46,7 
North: D2001 
7 L2 57 2,0 0,527  14,0 LOS B  2,5  17,6  0,72  1,49 48,9 
8 T1 444 2,0 0,527  13,7 LOS B  2,5  17,6  0,72  1,49 48,7 
Approach 501 2,0 0,527  13,7 LOS B  2,5  17,6  0,72  1,49 48,7 
All Vehicles 1151 2,0 0,652  14,6 LOS B  3,9  28,0  0,80  1,52 48,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Existing 2018 PM Peak Hour Traffic] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 293 2,0 0,398  12,2 LOS B  1,7  11,8  0,84  1,36 49,8 
3 R2 13 2,0 0,398  13,2 LOS B  1,7  11,8  0,85  1,38 49,4 
Approach 305 2,0 0,398  12,3 LOS B  1,7  11,8  0,84  1,36 49,8 
East: Matimba Power Station Access 
4 L2 188 2,0 0,571  25,5 LOS D  3,0  21,6  1,00  1,50 42,5 
6 R2 41 2,0 0,141  13,4 LOS B  0,5  3,5  0,94  1,27 48,8 
Approach 229 2,0 0,571  23,3 LOS C  3,0  21,6  0,99  1,46 43,5 
North: D2001 
7 L2 3 2,0 0,538  15,2 LOS C  2,6  18,5  0,78  1,50 48,3 
8 T1 453 2,0 0,538  14,8 LOS B  2,6  18,5  0,78  1,50 48,1 
Approach 456 2,0 0,538  14,8 LOS B  2,6  18,5  0,78  1,50 48,1 
All Vehicles 991 2,0 0,571  16,0 LOS C  3,0  21,6  0,85  1,45 47,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Existing 2018 AM Peak Hour Traffic WITH Development] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 401 2,0 0,676  14,6 LOS B  4,3  30,5  0,84  1,53 48,2 
3 R2 257 2,0 0,676  18,0 LOS C  4,3  30,5  0,90  1,67 46,3 
Approach 658 2,0 0,676  15,9 LOS C  4,3  30,5  0,86  1,58 47,4 
East: Matimba Power Station Access 
4 L2 15 2,0 0,076  17,7 LOS C  0,3  1,9  0,99  1,25 46,7 
6 R2 1 2,0 0,006  15,8 LOS C  0,0  0,2  1,00  1,23 47,3 
Approach 16 2,0 0,076  17,6 LOS C  0,3  1,9  0,99  1,25 46,7 
North: D2001 
7 L2 57 2,0 0,530  14,1 LOS B  2,5  17,7  0,72  1,50 48,9 
8 T1 448 2,0 0,530  13,7 LOS B  2,5  17,7  0,72  1,50 48,7 
Approach 505 2,0 0,530  13,7 LOS B  2,5  17,7  0,72  1,50 48,7 
All Vehicles 1179 2,0 0,676  15,0 LOS C  4,3  30,5  0,80  1,54 48,0 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Existing 2018 PM Peak Hour Traffic WITH Development] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 299 2,0 0,405  12,3 LOS B  1,7  12,1  0,84  1,36 49,8 
3 R2 13 2,0 0,405  13,2 LOS B  1,7  12,1  0,85  1,39 49,4 
Approach 312 2,0 0,405  12,4 LOS B  1,7  12,1  0,84  1,36 49,8 
East: Matimba Power Station Access 
4 L2 188 2,0 0,577  26,0 LOS D  3,1  22,0  1,00  1,50 42,3 
6 R2 41 2,0 0,142  13,5 LOS B  0,5  3,6  0,95  1,27 48,7 
Approach 229 2,0 0,577  23,7 LOS C  3,1  22,0  0,99  1,46 43,3 
North: D2001 
7 L2 3 2,0 0,560  15,5 LOS C  2,8  20,0  0,79  1,52 48,1 
8 T1 476 2,0 0,560  15,2 LOS C  2,8  20,0  0,79  1,52 47,8 
Approach 479 2,0 0,560  15,2 LOS C  2,8  20,0  0,79  1,52 47,9 
All Vehicles 1020 2,0 0,577  16,2 LOS C  3,1  22,0  0,85  1,46 47,3 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Future 2023 AM Peak Hour Traffic] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 437 2,0 0,753  16,8 LOS C  5,7  40,8  0,86  1,62 46,8 
3 R2 298 2,0 0,753  21,7 LOS C  5,7  40,8  0,94  1,83 44,3 
Approach 735 2,0 0,753  18,8 LOS C  5,7  40,8  0,89  1,71 45,8 
East: Matimba Power Station Access 
4 L2 17 2,0 0,087  18,0 LOS C  0,3  2,2  0,99  1,25 46,5 
6 R2 1 2,0 0,006  15,8 LOS C  0,0  0,2  1,00  1,23 47,3 
Approach 18 2,0 0,087  17,8 LOS C  0,3  2,2  0,99  1,25 46,6 
North: D2001 
7 L2 66 2,0 0,609  15,5 LOS C  3,3  23,5  0,76  1,58 48,0 
8 T1 515 2,0 0,609  15,2 LOS C  3,3  23,5  0,76  1,58 47,8 
Approach 581 2,0 0,609  15,2 LOS C  3,3  23,5  0,76  1,58 47,8 
All Vehicles 1334 2,0 0,753  17,2 LOS C  5,7  40,8  0,84  1,65 46,6 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Future 2023 PM Peak Hour Traffic] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 339 2,0 0,461  13,2 LOS B  2,1  14,7  0,86  1,39 49,2 
3 R2 15 2,0 0,461  14,3 LOS B  2,1  14,7  0,87  1,42 48,7 
Approach 354 2,0 0,461  13,2 LOS B  2,1  14,7  0,86  1,39 49,2 
East: Matimba Power Station Access 
4 L2 219 2,0 0,664  31,0 LOS D  4,1  28,9  1,00  1,60 39,9 
6 R2 47 2,0 0,162  13,8 LOS B  0,6  4,1  0,95  1,27 48,5 
Approach 266 2,0 0,664  27,9 LOS D  4,1  28,9  0,99  1,54 41,2 
North: D2001 
7 L2 3 2,0 0,622  17,1 LOS C  3,5  24,9  0,82  1,60 47,2 
8 T1 524 2,0 0,622  16,7 LOS C  3,5  24,9  0,82  1,60 46,9 
Approach 527 2,0 0,622  16,7 LOS C  3,5  24,9  0,82  1,60 46,9 
All Vehicles 1147 2,0 0,664  18,2 LOS C  4,1  28,9  0,87  1,52 46,1 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Total Future 2023 AM Peak Hour Traffic Demand] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 618 2,0 0,933  29,8 LOS D  12,8  91,3  0,92  2,17 40,2 
3 R2 298 2,0 0,933  40,8 LOS E  12,8  91,3  1,00  2,64 36,0 
Approach 916 2,0 0,933  33,4 LOS D  12,8  91,3  0,94  2,33 38,7 
East: Matimba Power Station Access 
4 L2 17 2,0 0,086  17,7 LOS C  0,3  2,1  0,99  1,25 46,7 
6 R2 1 2,0 0,006  15,7 LOS C  0,0  0,2  1,00  1,23 47,4 
Approach 18 2,0 0,086  17,6 LOS C  0,3  2,1  0,99  1,25 46,7 
North: D2001 
7 L2 66 2,0 0,644  16,3 LOS C  3,7  26,6  0,78  1,63 47,6 
8 T1 558 2,0 0,644  15,9 LOS C  3,7  26,6  0,78  1,63 47,3 
Approach 624 2,0 0,644  15,9 LOS C  3,7  26,6  0,78  1,63 47,4 
All Vehicles 1558 2,0 0,933  26,2 LOS D  12,8  91,3  0,88  2,04 41,9 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 3  [Total Future 2023 PM Peak Hour Traffic Demand] 

D2001 / Matimba Power Station Access 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
2 T1 384 2,0 0,510  13,9 LOS B  2,4  17,4  0,87  1,42 48,8 
3 R2 15 2,0 0,510  15,2 LOS C  2,4  17,4  0,88  1,46 48,2 
Approach 399 2,0 0,510  13,9 LOS B  2,4  17,4  0,87  1,42 48,8 
East: Matimba Power Station Access 
4 L2 219 2,0 0,703  35,6 LOS E  4,6  32,7  1,00  1,66 38,0 
6 R2 47 2,0 0,173  14,5 LOS B  0,6  4,4  0,96  1,27 48,1 
Approach 266 2,0 0,703  31,8 LOS D  4,6  32,7  0,99  1,59 39,5 
North: D2001 
7 L2 3 2,0 0,793  23,6 LOS C  6,8  48,5  0,91  1,97 43,6 
8 T1 704 2,0 0,793  23,3 LOS C  6,8  48,5  0,91  1,97 43,4 
Approach 707 2,0 0,793  23,3 LOS C  6,8  48,5  0,91  1,97 43,4 
All Vehicles 1373 2,0 0,793  22,2 LOS C  6,8  48,5  0,92  1,74 44,0 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 AM Peak Hour Traffic] 

D2001 / D1675 Intersection  
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 1103 2,0 2,999  923,5 LOS F  161,7  1151,1  1,00  8,12 3,7 
2 T1 564 2,0 1,235  123,3 LOS F  26,3  187,2  0,99  3,16 12,8 
Approach 1667 2,0 2,999  652,7 LOS F  161,7  1151,1  1,00  6,44 4,4 
North: D2001 
9 R2 203 2,0 0,289  11,1 LOS B  1,0  7,4  0,76  1,32 44,6 
Approach 203 2,0 0,289  11,1 LOS B  1,0  7,4  0,76  1,32 44,6 
West:  D1675  
10 L2 65 2,0 0,328  19,2 LOS C  1,3  9,3  0,92  1,34 30,9 
12 R2 68 2,0 0,328  19,5 LOS C  1,3  9,3  0,92  1,34 45,9 
Approach 134 2,0 0,328  19,4 LOS C  1,3  9,3  0,92  1,34 39,3 
All Vehicles 2004 2,0 2,999  545,4 LOS F  161,7  1151,1  0,97  5,58 5,0 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 PM Peak Hour Traffic] 

D2001 / D1675 Intersection  
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 37 2,0 0,784  153,2 LOS F  4,1  29,3  1,00  1,47 17,1 
2 T1 273 2,0 4,122  1273,4 LOS F  44,4  316,1  1,00  2,10 1,5 
Approach 309 2,0 4,122  1140,1 LOS F  44,4  316,1  1,00  2,03 1,9 
North: D2001 
9 R2 20 2,0 0,002  5,9 LOS A  0,0  0,0  0,00  1,01 48,6 
Approach 20 2,0 0,002  5,9 LOS A  0,0  0,0  0,00  1,01 48,6 
West:  D1675  
10 L2 32 2,0 1,103  81,9 LOS F  34,5  245,6  1,00  5,03 15,9 
12 R2 1039 2,0 1,103  82,2 LOS F  34,5  245,6  1,00  5,03 25,8 
Approach 1071 2,0 1,103  82,2 LOS F  34,5  245,6  1,00  5,03 25,5 
All Vehicles 1400 2,0 4,122  314,9 LOS F  44,4  316,1  0,99  4,31 8,9 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 AM Peak Hour Traffic With Latent Upgrades] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 1103 2,0 0,596  5,7 LOS A  0,0  0,0  0,00  0,53 54,7 
2 T1 564 2,0 0,311  3,2 LOS A  4,6  32,8  0,37  0,32 54,8 
Approach 1667 2,0 0,596  4,9 LOS A  4,6  32,8  0,13  0,46 54,7 
North: D2001 
8 T1 18 2,0 0,006  2,5 LOS A  0,1  0,5  0,29  0,20 55,8 
9 R2 203 2,0 0,361  9,1 LOS A  2,8  20,0  0,49  0,70 45,4 
Approach 221 2,0 0,361  8,5 LOS A  2,8  20,0  0,47  0,66 46,1 
West:  D1675  
10 L2 65 2,0 0,310  33,5 LOS C  1,9  13,7  0,95  0,75 24,7 
12 R2 68 2,0 0,310  33,6 LOS C  1,9  13,7  0,95  0,75 38,2 
Approach 134 2,0 0,310  33,5 LOS C  1,9  13,7  0,95  0,75 32,2 
All Vehicles 2022 2,0 0,596  7,2 LOS A  4,6  32,8  0,22  0,50 51,7 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 PM Peak Hour Traffic With Latent Upgrades] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 37 2,0 0,020  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
2 T1 273 2,0 0,359  17,8 LOS B  4,9  35,1  0,81  0,66 39,3 
Approach 309 2,0 0,359  16,4 LOS B  4,9  35,1  0,72  0,64 41,6 
North: D2001 
8 T1 609 2,0 0,522  19,3 LOS B  7,6  54,2  0,88  0,74 38,2 
9 R2 20 2,0 0,066  24,6 LOS C  0,5  3,4  0,82  0,69 33,7 
Approach 629 2,0 0,522  19,5 LOS B  7,6  54,2  0,88  0,74 38,0 
West:  D1675  
10 L2 32 2,0 0,542  15,6 LOS B  10,4  74,0  0,70  0,79 31,8 
12 R2 1039 2,0 0,542  15,6 LOS B  10,4  74,0  0,70  0,79 47,0 
Approach 1071 2,0 0,542  15,6 LOS B  10,4  74,0  0,70  0,79 46,6 
All Vehicles 2009 2,0 0,542  16,9 LOS B  10,4  74,0  0,76  0,75 43,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 AM Peak Hour Traffic With Latent Upgrades & Development] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 1103 2,0 0,596  5,7 LOS A  0,0  0,0  0,00  0,53 54,7 
2 T1 585 2,0 0,323  3,2 LOS A  4,8  34,4  0,38  0,33 54,8 
Approach 1688 2,0 0,596  4,9 LOS A  4,8  34,4  0,13  0,46 54,7 
North: D2001 
8 T1 260 2,0 0,093  2,7 LOS A  1,1  8,1  0,32  0,26 55,5 
9 R2 204 2,0 0,372  9,6 LOS A  3,0  21,1  0,51  0,71 44,9 
Approach 464 2,0 0,372  5,8 LOS A  3,0  21,1  0,40  0,46 50,3 
West:  D1675  
10 L2 68 2,0 0,317  33,6 LOS C  2,0  14,0  0,95  0,75 29,1 
12 R2 68 2,0 0,317  33,6 LOS C  2,0  14,0  0,95  0,75 38,2 
Approach 137 2,0 0,317  33,6 LOS C  2,0  14,0  0,95  0,75 34,4 
All Vehicles 2289 2,0 0,596  6,8 LOS A  4,8  34,4  0,24  0,48 52,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Existing 2018 PM Peak Hour Traffic With Latent Upgrades & Development] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 37 2,0 0,020  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
2 T1 278 2,0 0,366  17,8 LOS B  5,0  35,9  0,81  0,66 39,2 
Approach 315 2,0 0,366  16,4 LOS B  5,0  35,9  0,72  0,65 41,6 
North: D2001 
8 T1 629 2,0 0,539  19,4 LOS B  7,9  56,3  0,89  0,75 38,1 
9 R2 23 2,0 0,077  24,7 LOS C  0,6  4,0  0,83  0,69 33,6 
Approach 653 2,0 0,539  19,6 LOS B  7,9  56,3  0,88  0,75 37,9 
West:  D1675  
10 L2 33 2,0 0,543  15,6 LOS B  10,4  74,1  0,70  0,79 31,8 
12 R2 1039 2,0 0,543  15,6 LOS B  10,4  74,1  0,70  0,79 47,0 
Approach 1072 2,0 0,543  15,6 LOS B  10,4  74,1  0,70  0,79 46,6 
All Vehicles 2039 2,0 0,543  17,0 LOS B  10,4  74,1  0,76  0,75 43,7 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Future 2023 AM Peak Hour Traffic (With Latent Upgrades)] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 1279 2,0 0,691  5,8 LOS A  0,0  0,0  0,00  0,53 54,6 
2 T1 654 2,0 0,360  3,3 LOS A  5,6  39,9  0,39  0,34 54,6 
Approach 1933 2,0 0,691  5,0 LOS A  5,6  39,9  0,13  0,46 54,6 
North: D2001 
8 T1 297 2,0 0,106  2,8 LOS A  1,3  9,4  0,32  0,27 55,4 
9 R2 236 2,0 0,470  10,2 LOS B  3,8  26,7  0,56  0,73 44,3 
Approach 533 2,0 0,470  6,0 LOS A  3,8  26,7  0,43  0,47 49,9 
West:  D1675  
10 L2 76 2,0 0,358  33,7 LOS C  2,2  15,9  0,96  0,76 24,7 
12 R2 79 2,0 0,358  33,8 LOS C  2,2  15,9  0,96  0,76 38,1 
Approach 155 2,0 0,358  33,8 LOS C  2,2  15,9  0,96  0,76 32,1 
All Vehicles 2620 2,0 0,691  6,9 LOS A  5,6  39,9  0,24  0,48 51,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Future 2023 PM Peak Hour Traffic (With Latent Upgrades)] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 43 2,0 0,023  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
2 T1 316 2,0 0,416  18,1 LOS B  5,8  41,5  0,83  0,68 39,0 
Approach 359 2,0 0,416  16,6 LOS B  5,8  41,5  0,73  0,66 41,4 
North: D2001 
8 T1 706 2,0 0,605  19,9 LOS B  9,1  64,8  0,91  0,77 37,7 
9 R2 23 2,0 0,082  24,8 LOS C  0,6  4,0  0,83  0,70 33,6 
Approach 729 2,0 0,605  20,1 LOS C  9,1  64,8  0,91  0,77 37,6 
West:  D1675  
10 L2 37 2,0 0,629  16,3 LOS B  12,9  91,8  0,75  0,81 31,5 
12 R2 1204 2,0 0,629  16,3 LOS B  12,9  91,8  0,75  0,81 46,6 
Approach 1241 2,0 0,629  16,3 LOS B  12,9  91,8  0,75  0,81 46,2 
All Vehicles 2329 2,0 0,629  17,5 LOS B  12,9  91,8  0,80  0,77 43,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Total Future 2023 AM Peak Hour Traffic (With Latent Upgrades)] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 1315 2,0 0,711  5,8 LOS A  0,0  0,0  0,00  0,53 54,6 
2 T1 844 2,0 0,466  3,6 LOS A  8,1  57,4  0,43  0,38 54,2 
Approach 2159 2,0 0,711  5,0 LOS A  8,1  57,4  0,17  0,47 54,5 
North: D2001 
8 T1 342 2,0 0,123  2,8 LOS A  1,5  11,0  0,33  0,27 55,4 
9 R2 247 2,0 0,638  14,4 LOS B  5,4  38,3  0,71  0,81 40,6 
Approach 589 2,0 0,638  7,7 LOS A  5,4  38,3  0,49  0,50 48,0 
West:  D1675  
10 L2 82 2,0 0,395  33,9 LOS C  2,5  17,7  0,97  0,76 24,6 
12 R2 88 2,0 0,395  33,9 LOS C  2,5  17,7  0,97  0,76 38,0 
Approach 171 2,0 0,395  33,9 LOS C  2,5  17,7  0,97  0,76 32,1 
All Vehicles 2919 2,0 0,711  7,2 LOS A  8,1  57,4  0,28  0,49 51,4 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 4  [Total Future 2023 PM Peak Hour Traffic (With Latent Upgrades)] 

D2001 / D1675 Intersection  
Signals - Fixed Time Isolated    Cycle Time = 60 seconds (User-Given Cycle Time) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2001 
1 L2 53 2,0 0,028  5,6 LOS A  0,0  0,0  0,00  0,53 54,9 
2 T1 363 2,0 0,410  15,8 LOS B  6,3  45,0  0,78  0,65 40,8 
Approach 416 2,0 0,410  14,5 LOS B  6,3  45,0  0,68  0,63 43,2 
North: D2001 
8 T1 896 2,0 0,697  18,9 LOS B  11,7  83,1  0,90  0,81 38,4 
9 R2 29 2,0 0,095  23,1 LOS C  0,7  4,9  0,80  0,70 34,6 
Approach 925 2,0 0,697  19,1 LOS B  11,7  83,1  0,90  0,80 38,3 
West:  D1675  
10 L2 49 2,0 0,738  20,2 LOS C  15,9  113,5  0,85  0,86 29,6 
12 R2 1240 2,0 0,738  20,3 LOS C  15,9  113,5  0,85  0,86 44,3 
Approach 1289 2,0 0,738  20,3 LOS C  15,9  113,5  0,85  0,86 43,8 
All Vehicles 2631 2,0 0,738  18,9 LOS B  15,9  113,5  0,84  0,81 42,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5  [Existing 2018 AM Peak Hour Traffic] 

D1675 / D2649 Intersection 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 24 2,0 0,166  25,5 LOS D  0,6  4,3  0,98  1,27 42,5 
3 R2 13 2,0 0,166  25,0 LOS C  0,6  4,3  0,98  1,27 42,2 
Approach 37 2,0 0,166  25,3 LOS D  0,6  4,3  0,98  1,27 42,4 
East: D1675 
4 L2 11 2,0 1,302  159,6 LOS F  72,7  517,4  1,00  8,38 16,6 
5 T1 1303 2,0 1,302  159,3 LOS F  72,7  517,4  1,00  8,38 16,6 
Approach 1314 2,0 1,302  159,3 LOS F  72,7  517,4  1,00  8,38 16,6 
West: D1675 
11 T1 131 2,0 0,222  10,8 LOS B  0,8  5,5  0,80  1,31 50,8 
12 R2 11 2,0 0,021  9,0 LOS A  0,1  0,4  0,79  1,23 51,6 
Approach 141 2,0 0,222  10,7 LOS B  0,8  5,5  0,80  1,31 50,9 
All Vehicles 1492 2,0 1,302  141,9 LOS F  72,7  517,4  0,98  7,54 18,0 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5  [Existing 2018 PM Peak Hour Traffic] 

D1675 / D2649 Intersection 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 12 2,0 0,102  24,6 LOS C  0,4  2,5  0,98  1,25 42,9 
3 R2 11 2,0 0,102  24,1 LOS C  0,4  2,5  0,98  1,25 42,6 
Approach 22 2,0 0,102  24,4 LOS C  0,4  2,5  0,98  1,25 42,8 
East: D1675 
4 L2 11 2,0 0,114  11,8 LOS B  0,3  2,5  0,70  1,28 50,4 
5 T1 71 2,0 0,114  11,5 LOS B  0,3  2,5  0,70  1,28 50,1 
Approach 81 2,0 0,114  11,5 LOS B  0,3  2,5  0,70  1,28 50,2 
West: D1675 
11 T1 1068 2,0 1,648  313,7 LOS F  94,9  675,7  1,00  8,63 9,7 
12 R2 11 2,0 0,016  8,5 LOS A  0,0  0,3  0,71  1,18 51,6 
Approach 1079 2,0 1,648  310,7 LOS F  94,9  675,7  1,00  8,55 9,8 
All Vehicles 1182 2,0 1,648  284,8 LOS F  94,9  675,7  0,98  7,92 10,5 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Existing 2018 AM Peak Hour Traffic WITH Mitigating Measures] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 24 2,0 0,275  41,6 LOS E  0,8  5,6  0,93  1,02 24,5 
3 R2 13 2,0 0,275  25,2 LOS D  0,8  5,6  0,93  1,02 37,5 
Approach 37 2,0 0,275  36,0 LOS E  0,8  5,6  0,93  1,02 29,5 
East: D1675 
4 L2 11 2,0 0,676  5,7 LOS A  0,0  0,0  0,00  0,00 57,9 
5 T1 1303 2,0 0,676  0,2 LOS A  0,0  0,0  0,00  0,00 59,6 
Approach 1314 2,0 0,676  0,2 NA  0,0  0,0  0,00  0,00 59,6 
West: D1675 
12 R2 11 2,0 0,057  22,5 LOS C  0,2  1,2  0,90  0,96 34,3 
Approach 11 2,0 0,057  22,5 NA  0,2  1,2  0,90  0,96 34,3 
All Vehicles 1361 2,0 0,676  1,4 NA  0,8  5,6  0,03  0,04 57,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Existing 2018 PM Peak Hour Traffic WITH Mitigating Measures] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 12 2,0 0,019  8,3 LOS A  0,1  0,5  0,16  0,90 36,0 
3 R2 11 2,0 0,019  8,0 LOS A  0,1  0,5  0,16  0,90 51,4 
Approach 22 2,0 0,019  8,2 LOS A  0,1  0,5  0,16  0,90 44,2 
East: D1675 
4 L2 11 2,0 0,042  5,6 LOS A  0,0  0,0  0,00  0,08 57,6 
5 T1 71 2,0 0,042  0,0 LOS A  0,0  0,0  0,00  0,08 58,7 
Approach 81 2,0 0,042  0,7 NA  0,0  0,0  0,00  0,08 58,5 
West: D1675 
12 R2 11 2,0 0,006  3,8 LOS A  0,0  0,2  0,18  0,51 50,3 
Approach 11 2,0 0,006  3,8 NA  0,0  0,2  0,18  0,51 50,3 
All Vehicles 114 2,0 0,042  2,5 NA  0,1  0,5  0,05  0,28 53,7 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Existing 2018 AM Peak Hour Traffic WITH Development & Mitigating Measures] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 24 2,0 0,276  41,8 LOS E  0,8  5,7  0,93  1,02 24,4 
3 R2 13 2,0 0,276  25,3 LOS D  0,8  5,7  0,93  1,02 37,5 
Approach 37 2,0 0,276  36,1 LOS E  0,8  5,7  0,93  1,02 29,4 
East: D1675 
4 L2 11 2,0 0,676  5,7 LOS A  0,0  0,0  0,00  0,00 57,9 
5 T1 1304 2,0 0,676  0,2 LOS A  0,0  0,0  0,00  0,00 59,6 
Approach 1315 2,0 0,676  0,2 NA  0,0  0,0  0,00  0,00 59,6 
West: D1675 
12 R2 11 2,0 0,057  22,6 LOS C  0,2  1,2  0,90  0,96 34,3 
Approach 11 2,0 0,057  22,6 NA  0,2  1,2  0,90  0,96 34,3 
All Vehicles 1362 2,0 0,676  1,4 NA  0,8  5,7  0,03  0,04 57,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Existing 2018 PM Peak Hour Traffic WITH Development & Mitigating Measures] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 12 2,0 0,019  8,4 LOS A  0,1  0,5  0,17  0,90 36,0 
3 R2 11 2,0 0,019  8,0 LOS A  0,1  0,5  0,17  0,90 51,4 
Approach 22 2,0 0,019  8,2 LOS A  0,1  0,5  0,17  0,90 44,2 
East: D1675 
4 L2 11 2,0 0,044  5,6 LOS A  0,0  0,0  0,00  0,07 57,6 
5 T1 74 2,0 0,044  0,0 LOS A  0,0  0,0  0,00  0,07 58,8 
Approach 84 2,0 0,044  0,7 NA  0,0  0,0  0,00  0,07 58,5 
West: D1675 
12 R2 11 2,0 0,006  3,8 LOS A  0,0  0,2  0,18  0,51 50,2 
Approach 11 2,0 0,006  3,8 NA  0,0  0,2  0,18  0,51 50,2 
All Vehicles 117 2,0 0,044  2,4 NA  0,1  0,5  0,05  0,27 53,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5  [Future 2023 AM Peak Hour Traffic] 

D1675 / D2649 Intersection 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 24 2,0 0,168  25,8 LOS D  0,6  4,4  0,99  1,27 42,3 
3 R2 13 2,0 0,168  25,3 LOS D  0,6  4,4  0,99  1,27 42,0 
Approach 37 2,0 0,168  25,6 LOS D  0,6  4,4  0,99  1,27 42,2 
East: D1675 
4 L2 13 2,0 1,506  247,7 LOS F  114,5  815,5  1,00  11,15 11,8 
5 T1 1511 2,0 1,506  247,3 LOS F  114,5  815,5  1,00  11,15 11,8 
Approach 1523 2,0 1,506  247,3 LOS F  114,5  815,5  1,00  11,15 11,8 
West: D1675 
11 T1 152 2,0 0,257  11,1 LOS B  0,9  6,6  0,81  1,33 50,6 
12 R2 13 2,0 0,025  9,1 LOS A  0,1  0,5  0,79  1,23 51,6 
Approach 164 2,0 0,257  11,0 LOS B  0,9  6,6  0,81  1,32 50,7 
All Vehicles 1724 2,0 1,506  220,1 LOS F  114,5  815,5  0,98  10,00 13,0 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5  [Future 2023 PM Peak Hour Traffic] 

D1675 / D2649 Intersection 
Stop (All-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 14 2,0 0,121  25,0 LOS C  0,4  3,1  0,98  1,26 42,8 
3 R2 13 2,0 0,121  24,5 LOS C  0,4  3,1  0,98  1,26 42,5 
Approach 26 2,0 0,121  24,7 LOS C  0,4  3,1  0,98  1,26 42,6 
East: D1675 
4 L2 13 2,0 0,134  12,0 LOS B  0,4  3,0  0,70  1,29 50,3 
5 T1 82 2,0 0,134  11,6 LOS B  0,4  3,0  0,70  1,29 50,0 
Approach 95 2,0 0,134  11,7 LOS B  0,4  3,0  0,70  1,29 50,1 
West: D1675 
11 T1 1239 2,0 1,914  431,3 LOS F  130,6  929,8  1,00  10,08 7,4 
12 R2 13 2,0 0,020  8,5 LOS A  0,1  0,4  0,71  1,18 51,6 
Approach 1252 2,0 1,914  427,0 LOS F  130,6  929,8  1,00  9,99 7,5 
All Vehicles 1373 2,0 1,914  390,6 LOS F  130,6  929,8  0,98  9,22 8,1 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Intersection and Approach LOS values are based on average delay for all vehicle movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Total Future 2023 AM Peak Hour Traffic (With Mitigating Measures)] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 24 2,0 0,984  243,6 LOS F  3,6  25,3  1,00  1,17 7,6 
3 R2 13 2,0 0,984  167,2 LOS F  3,6  25,3  1,00  1,17 13,1 
Approach 37 2,0 0,984  217,4 LOS F  3,6  25,3  1,00  1,17 9,6 
East: D1675 
4 L2 13 2,0 0,808  5,8 LOS A  0,0  0,0  0,00  0,00 57,7 
5 T1 1559 2,0 0,808  0,3 LOS A  0,0  0,0  0,00  0,00 59,3 
Approach 1572 2,0 0,808  0,4 NA  0,0  0,0  0,00  0,00 59,2 
West: D1675 
12 R2 13 2,0 0,231  73,3 LOS F  0,6  4,5  0,98  1,00 18,4 
Approach 13 2,0 0,231  73,3 NA  0,6  4,5  0,98  1,00 18,4 
All Vehicles 1621 2,0 0,984  5,9 NA  3,6  25,3  0,03  0,04 50,8 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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MOVEMENT SUMMARY 
 Site: 5v  [Total Future 2023 PM Peak Hour Traffic (With Mitigating Measures)] 

D1675 / D2649 Intersection 
Stop (Two-Way) 
 
Movement Performance - Vehicles 
Mov 
ID  

ODMov Demand 
Flows 

Deg. 
Satn 

 Average 
Delay   

Level of 
Service 

 95% Back of 
Queue 

Prop.  
Queued 

 Effective Stop 
Rate 

Average 
Speed   

Total HV Vehicles  Distance  
  veh/h % v/c  sec   veh  m    per veh km/h 

South: D2649 
1 L2 14 2,0 0,023  8,5 LOS A  0,1  0,6  0,20  0,89 35,9 
3 R2 13 2,0 0,023  8,1 LOS A  0,1  0,6  0,20  0,89 51,4 
Approach 26 2,0 0,023  8,3 LOS A  0,1  0,6  0,20  0,89 44,3 
East: D1675 
4 L2 13 2,0 0,057  5,6 LOS A  0,0  0,0  0,00  0,07 57,7 
5 T1 98 2,0 0,057  0,0 LOS A  0,0  0,0  0,00  0,07 58,9 
Approach 111 2,0 0,057  0,6 NA  0,0  0,0  0,00  0,07 58,6 
West: D1675 
12 R2 13 2,0 0,008  3,9 LOS A  0,0  0,2  0,21  0,51 50,1 
Approach 13 2,0 0,008  3,9 NA  0,0  0,2  0,21  0,51 50,1 
All Vehicles 149 2,0 0,057  2,3 NA  0,1  0,6  0,05  0,25 54,2 
 
Site Level of Service (LOS) Method: Delay (SIDRA). Site LOS Method is specified in the Parameter Settings dialog (Site tab). 
Vehicle movement LOS values are based on average delay per movement. 
Minor Road Approach LOS values are based on average delay for all vehicle movements. 
NA: Intersection LOS and Major Road Approach LOS values are Not Applicable for two-way sign control since the average delay is not a 
good LOS measure due to zero delays associated with major road movements. 
SIDRA Standard Delay Model is used. Control Delay includes Geometric Delay. 
Gap-Acceptance Capacity: SIDRA Standard (Akçelik M3D). 
HV (%) values are calculated for All Movement Classes of All Heavy Vehicle Model Designation. 
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GOLDER ASSOCIATES AFRICA (PTY) LTD 

ATTENTION :  MS. MARIE SCHLECHTER  

 

BY ELECTRONIC MAIL: mschlecter@golder.co.za 

Dear Madam, 

TRAFFIC IMPACT ASSESSMENT FOR EXXARO TURFVLAKTE FARM 463-LQ (LEPHALALE) 

 
The traffic impact study with reference 2017-125 of October 2018 by EDS Engineering Design 
Services (Pty) Ltd, comments received from the client under cover of your e-mail of 
6 November 2018 and the meeting held in your offices on 24 January 2019, refer. 
 
The traffic impact study was undertaken for the traffic impact of the proposed additional mining 
activity planned by Exxaro at the Turfvlakte Mining Pit. The traffic impact will be limited to the traffic 
generated by the additional employees as the mine confirmed that all coal mined at the new facility 
will be transported off site using the rail system. 
 
The report estimated the vehicular traffic impact using the expected composition of the labour force 
to be employed at the new facility as well as the transport the labour force is likely to make use of. 
The report found that the additional vehicular traffic likely as a result of the additional operation will 
be 39 vehicular trips during the peak hour of the adjacent road network. This is a very low impact 
from a traffic impact perspective and does not require a traffic impact study in terms of National 
Guideline documentation on Traffic Impact Assessment (THM16 Volume 1 : South African Traffic 
Impact and Site Traffic Assessment Manual).  
 
The impact of a development that generates 39 vehicular trips on the operating conditions on the 
road network during the peak hour is considered to be negligible. The concluding statement in the 
comments received which states that “This project will further contribute to the congestion, and the 
Traffic Impact Statement has failed to state this.” is therefore not correct. 
 
The Traffic Impact Study analysis indicated that the morning peak hour occurs between 06:00 and 
07:00. The comments received indicates that the commencement time of the morning shift at 06:00 
will likely result in the peak being before 06:00. Unfortunately, the traffic counts undertaken as part 
of the study commenced only at 06:00 and this could not be verified.  
 
EDS Engineers subsequently decided to undertake additional traffic surveys. The counts were 
done on Thursday and Friday, the 11th and 12th of April 2019 respectively. The traffic counts were 
overseen by the undersigned. 
 
Surveys were done in the morning from 05:00 to 07:00. The results are included in Appendix A. 
The analysis of the traffic counts confirmed that the peak through the intersections occurred 
between 06:00 and 07:00. The counts also indicate that certain movements are slightly higher 

P.O. Box 33920, Glenstantia, 0010 
Phone:  012 991 1205 

E-mail:  info@edseng.co.za 

Web:    www.edseng.co.za 

473 Lynnwood Road,  
Sussex Office Park 
Block B Ground Floor 
Lynnwood, Pretoria  
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between 05:00 and 06:00. This was observed for the left turn movement from Road D2001 towards 
Medupi (onto Road D1675) where the volume of left turn movements between 05:00 and 06:00 
was 393 vehicles and the volume for the same movement from 06:00 to 07:00 was 235 vehicles. 
The total volume through the intersection between 05:00 and 06:00 was 1183 vehicles and the 
volume between 06:00 and 07:00 was 2295 vehicles. The peak hour from a traffic engineering 
perspective is therefore between 06:00 and 07:00 and it is confirmed that the analysis and 
conclusions reached in the report are valid. 
 
The report clearly states that certain intersections operate at and in excess of capacity and that 
these intersections require upgrading. The need to upgrade these intersections are however not 
as a result of this proposed development. As indicated, the impact of this application on the 
operating conditions is considered negligible.   
 
Site inspections were undertaken by the undersigned during the morning and afternoon peak 
periods and the following observations were made: 
 
• The intersection of Road D2001 and Road D1675 is considered to be extremely unsafe. 

Operations at the intersection were controlled by pointsmen to improve operations. The lane 
configuration was also changed by the pointsmen to allow for two left turn lanes from Lephalale 
into Road D1675 to accommodate the high left turn volume towards Medupi during the 
morning peak hour.  
The following items are of concern and must be addressed by the roads authorities: 

• No lighting is provided at the intersection 

• No facilities for pedestrians to cross 

• Intersection is controlled by three way stop control. This is considered inappropriate given 
the traffic volumes. Consideration should be given to upgrade the intersection to traffic 
signal control. 

• Inadequate capacity  
 

• The intersection of Road D2001 and the access to the Matimba Power Station is considered 
to be acceptable. 

 
• The intersection of D2001 and the access to the Grootegeluk Mine and the residential area of 

Marapong is relatively well lit and the traffic signal and intersection configuration result in 
acceptable operations at the intersection. The intersection is relatively uncongested during the 
peak periods. 

 
• Traffic congestion was observed along the “Mine Entrance Road” referred to be the client 

during the morning peak hour. Vehicle queues were observed up to the rail crossing marked 
on the diagram and Rail-crossing 2. This can be attributed to the access control at the entrance 
to the mine.  

 

  



3 
 
 

 

 

CONCLUSIONS AND RECOMMENDATIONS 
 
The following can be concluded: 
 

1. The additional traffic counts confirmed that the peak hour during the morning peak on the 
road network is between 06:00 and 07:00. 

2. The expected impact of the proposed mining activities on the operating conditions of the 
adjacent road network is considered to be negligible 

3. Certain intersections require upgrading to improve capacity and most importantly to 
improve road safety. This is not the responsibility of the applicant. EDS Engineers can 
however assist in investigating the situation and make recommendations for 
implementation if required. We will submit a project proposal for consideration should the 
client wish to investigate this. 

4. The results of the Traffic Impact Study are valid, and the report can be submitted as part of 
the EIA process 

 
I trust the above will suffice 
 
Yours faithfully 

 

 
 
 
 
GARNET VAN DER WALT PR. ENG. 
DIRECTOR 
 
 



APPENDIX A : TRAFFIC COUNTS 
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1.0 INTRODUCTION 
Exxaro Coal (Pty) Ltd (Exxaro) has appointed Golder Associates Africa (Pty) Ltd (Golder) to conduct a Social 
Impact Assessment and Environmental Impact Assessment (EIA) at Turfvlakte adjacent to the Grootegeluk 
Mine, Limpopo Province. Golder understands that this investigation is for the projected extension of Exxaro’s 
mining activities onto the adjoining farm, Turfvlakte 463 LQ. The farm Turfvlakte 463 LQ lies on the south-
eastern border of the Grootegeluk Mining Rights Area. Exxaro wishes to develop two new open pits at 
Turfvlakte, on the southern area, for the mining of Benches 9A, 9B and 11 as well as the proposed 
beneficiation plant. This Document reports on the social baseline of the Social Impact Assessment and is to 
support the requirements of the environmental authorisation process, which include the EIA, Environmental 
Management Programme and Integrated Water Use Licence Application. 

2.0 SOCIAL BASELINE 
This section provides an overview of the socio-economic conditions for the area in which the project lies from 
a provincial, district and local perspective. A desktop study has been conducted for which existing literature 
has been reviewed. 

2.1 Overview of the Regional Area 
The Limpopo Province consists of five district municipalities, namely Capricorn, Mopani, Greater Sekhukhune, 
Vhembe and Waterberg. There are 23 local municipalities within the five district municipalities, which has a 
geographical area of approximately 122 800 km2. The province has a population of over 5.2 million people 
and more than 1.2 million households (Lehohla, 2014). 

In terms of its shared borders, Limpopo’s location makes it favourable for economic cooperation with other 
countries in Southern Africa. Botswana borders the Limpopo Province to the west, to the north lies the 
Zimbabwe border and Mozambique to the east. On the south-eastern part of the Limpopo Province lies the 
Maputo Development Corridor, hence the location of the Limpopo Province creates development and trade 
opportunities. Minerals such as platinum, coal, diamonds and copper are found in the Limpopo Province. 

2.1.1 Population 
According to Census 2011, the total population within the Limpopo Province was 5 404 868 people, of which 
Black Africans constituted the majority, followed by Coloureds, Whites and Indian/Asian in the province. In 
2001, the population size in the Limpopo Province was 4 995 462, which then increased to 5 404 868 in 2011. 
The population percentage significantly increased (8.2%) and can be associated with the increasing 
development taking place within the Limpopo Province (Lehohla, 2014) 

2.1.2 Age Structure 
In 2001, the largest age group in the Limpopo Province comprised of the 10-14 years age group for both 
males (7%) and females (7.1%); followed by the 5-9 years age group. The final largest age group comprised 
of the 15-19 years range, of which 6.6% were females, and 6.5 % were males (Lehohla, 2014). In 2011, the 
largest age group comprised of infants between the ages 0-4 years (6.3%) for both males and females. The 
second largest age group was between 15-19 (5.7%) for females and 5.9% for males. As the age group 
increased, the percentage of those age groups decreased. 

Hence, between 2001 and 2011, the population within Limpopo was relatively young. According to Census 
2011, the prominent languages spoken in the Limpopo Province was IsiZulu (22.7%) and IsiXhosa (16%) 
(Lehohla, 2014). 
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2.1.3 Employment Profile 
According to Census 2011, 38.9% of the population within the Limpopo Province were unemployed, while 
61.1% of the population were employed in the province. The highest unemployment percentage was recorded 
in the Greater Sekhukhune District (50.9%), whereas the lowest unemployment rate was recorded in the 
Waterberg District (28.1%) (Lehohla, 2014). 

2.1.4 Education 
Between 2002 and 2013, the percentage of individuals with no formal education decreased. A decline in the 
percentage of people with no formal education was a positive indicator that the educational system in the 
Limpopo Province was improving (Municipalities of South Africa, 2012). Between 2002 and 2013, the 
percentage of individuals with secondary level as their highest form of education increased by approximately 
5%. In 2013, Statistics South Africa recorded 40% of the Limpopo population as having reached secondary 
education and less than one-fifth achieved a secondary education. Between 2002 and 2013, less than 10% 
had achieved post-matric as their highest educational achievement (Lehohla, 2015). 

2.1.5 Household Dynamics 
“A household is recognised as a group of individuals who reside together and jointly provide themselves with 
food or other essentials for living, or a single person who lives alone” (Lehohla, 2014). A formal dwelling is 
defined as a “structure built according to approved plans, i.e. a house on a separate stand, flat or apartment, 
townhouse, a room in a backyard or rooms or flatlet elsewhere” (Lehohla, 2014). A traditional dwelling is made 
“primarily of clay, mud, reeds or other locally available natural materials. This is a general term that includes 
huts, rondavels etc. Such dwellings can be found as single units or in clusters” (Lehohla, 2014). An informal 
dwelling is defined as a “makeshift structure not approved by a local authority and not intended as a 
permanent dwelling. Typically built with materials such as corrugated iron, cardboard, plastic”. Thus, an 
informal dwelling is in contrast with a formal dwelling and traditional dwelling. 

In 2001, there were 1 117 818 households within the Limpopo Province. As the population increased to 
5 404 868 in 2011, the number of households also increased to 1 418 102. Hence, between 2001 and 2011, 
most of the municipalities within the Limpopo Province indicated an increase in the number of households. 
The only municipalities without a household increase included Greater Letaba, Blouberg, Aganang, Molemole 
and Modimolle (Lehohla, 2014). Between 2001 and 2011, the percentage of people living in a formal dwelling 
increased from 72.5% (2001) to 89.8% (2011). The percentage of people who reside in a traditional dwelling 
drastically decreased between 2001(20.2%) and 2011 (4.5%). The decreased percentage of residents who 
reside in traditional dwellings was a positive indication of development within the province. Likewise, the 
percentage of people living in an informal dwelling also decreased between 2001 and 2011, from 7.1% to 
5.2%. Finally, the percentage of individuals residing in an ‘other’ form of dwelling slightly increased between 
2001 and 2011, from 0.3% to 0.5% (Lehohla, 2014). 

The number of agricultural households in the Limpopo Province decreased from 468 498 (33%) in 2011 to 
386 660 (24.1%) in 2016, hence a 9.1% decrease in the number of agricultural households. The overall 
percentage of agricultural households across the provinces in South Africa decreased from 19.9% in 2011 to 
13.8% in 2016. However, the highest percentage of agricultural households remain in the Eastern Cape 
(27.9%), Limpopo (24.1%) and Kwa-Zulu Natal (18.6%). Furthermore, there are 386 660 agricultural 
households and 1 214 423 non-agricultural households in the Limpopo Province. Additionally, a total of 
154 503 agricultural households were involved in poultry production within the Limpopo Province, the number 
of agricultural households involved in livestock production was 151 018. 

A further 127 550 agricultural households were involved in fruit production and 103 874 households involved 
in vegetable production. An overall of 117 183 households participated in grain and food crops followed by 
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2 553 households involved in industrial crops. Finally, a total of 6 111 households were involved in ‘other’ 
forms of agriculture. 

2.1.6 Water 
Within the Limpopo Province, 35.8% of households had access to piped water inside their yard; followed by 
31% of households who had access to piped water outside their yard. Unfortunately, only 13.1% of the 
population had access to piped water inside their dwelling while 20% had no access to piped water at all. In 
the Limpopo Province, a total of 1 195 652 households had access to safe drinking water, and 384 210 
households did not have access to safe drinking water. Thus, the majority of households within the Limpopo 
Province had access to safe drinking water (Lehohla, 2014). 

2.1.7 Sanitation 
The World Health Organisation (WHO) defines sanitation as the “provision of facilities and services for the 
safe disposal of human urine and faeces.” Lack of adequate sanitation may lead to diseases such as cholera, 
typhoid fever and diarrhoea. Thus, improved sanitation has beneficial health impacts in households and 
communities. Sanitation also entails the maintenance of hygienic conditions, through services such as 
garbage collection and the disposal of wastewater (‘WHO | Sanitation’, 2017). 

In the Limpopo Province, 60.6% of households in 2016 had access to flush toilets connected to a sewerage 
system as compared to 57% in 2011. Similarly, there was an increase in the proportion of households using 
pit toilets with ventilation from 5.7% in 2001 to 8.8% in 2011 and a decline from 22.8% in 2001 to 19.3% in 
2011 amongst those using pit toilets without ventilation. Also, there was a decline in households with no toilets 
(from 13.6% in 2001 to 5.2% in 2011). Finally, there was an increase in the percentage of households using 
chemical toilets (from 1.9% in 2001 to 2.5% in 2011) (Lehohla, 2014). 

2.1.8 Electricity 
According to Statistics South Africa, over 80% of the households in the Limpopo Province which had access 
to electricity were using Eskom prepaid electricity; the highest percentage than any other province in South 
Africa (Statistics South Africa, 2016). The overall percentage of households in South Africa that used 
electricity was 91.1%. The Western Cape (97%), Free State (94.2%) and Limpopo (93.5%) provinces were the 
top three leading provinces regarding overall electricity usage. Furthermore, as 93.5% of households in the 
Limpopo Province used electricity, the percentage of households not using electricity was 6.5% (Statistics 
South Africa, 2016). 

2.1.9 Waste Management 
Between 2001 and 2011, the proportion of households whose refuse was removed by the local authority 
within the Limpopo Province increased from 15.6% (2001) to 21.9% (2011). The improvement of the refuse 
collection was a positive indication of the municipality delivering basic services to local community members. 
The use of communal refuse dumps slightly increased between 2001 (1.1%) and 2011 (1.4%). Furthermore, 
the percentage of households who had a refuse dump slightly decreased from 67.5% in 2001 to 66.5% in 
2011. Finally, the number of households with no rubbish disposal decreased between 2001 and 2011, from 
15.9% to 10.2% (Lehohla, 2014). 

2.1.10 Health 
“Health is a state of complete physical, mental, and social well-being and not merely the absence of disease 
or infirmity” (WHO, 2016). Within the Limpopo Province, 93.7% of males were not disabled, while 6.3% were 
disabled. Amongst the females, 92.7% were not disabled, while 7.3% were disabled. 

The human immunodeficiency virus (HIV) infects cells of the immune system, destroying or impairing their 
function. Acquired immunodeficiency syndrome (AIDS) is a term which applies to the most advanced stages 
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of HIV infection (World Health Organization, 2016). The Limpopo Provincial HIV prevalence in 2015/16 was 
estimated at 8.3% in men and women between the ages of 15-49 years. The Limpopo Province had the third-
lowest HIV percentage after Northern Cape (6.8%) and Western Cape (6.6%). The percentage of children with 
HIV below the age of 15 years was estimated at 1.9% in 2012 and decreased to 1.8% in 2013. Additionally, 
the HIV prevalence amongst the youth ages of 15-24 years decreased from 4.4% in 2012 to 3.9% in 2016. For 
individuals aged between 15-49 years, the HIV percentage was 12.9% in 2012 and increased to 13.5% in 
2016. Regarding gender, the HIV percentage for males between the ages of 15-49 years was 8.7% in 2012 
and increased to 8.8% in 2016. Similarly, the percentage of women aged between 15-49 years with HIV was 
16.7% in 2012 and increased to 17.8% in 2016 (Limpopo Provincial AIDS Council, 2017). 

2.1.11 Safety and Security 
In 2016, the number of households that experienced crime was 67 000 (4.2%) in the Limpopo Province. The 
majority (79.4%) of households in South Africa indicated that they felt safe during the day. Households within 
the Limpopo Province (89.3%) were the most likely to feel safe. Nationally, 34.3% of households indicated that 
they felt safe when it is dark. The Northern Cape (47.8%) and Limpopo (40.3%) had the highest percentage of 
households who felt safe at night (Statistics South Africa, 2016). 

2.1.12 Infrastructure 
Infrastructure is a critical aspect of the economy. The availability of infrastructure such as roads, 
telecommunications, railways, water and airports can in itself create economic growth and development. The 
existence of infrastructure improves linkages between the supplier and the market, and it also creates 
employment (Waterberg District Municipality, 2017). Unfortunately, it is a major challenge for municipalities 
within the region to provide and maintain local roads. Additionally, ineffective stormwater management and 
control poses a threat to mobility and infrastructure. 

2.2 Overview of the Waterberg District 
Located in the western part of the Limpopo Province, the Waterberg District Municipality borders with the 
Gauteng Province and Botswana. 

The Waterberg District Municipality is situated in the western part of the Limpopo Province and consists of six 
local municipalities namely: Bela-Bela, Lephalale, Mogalakwena, Thabazimbi, Modimolle and Mookgophong. 
The Waterberg District covers an area of approximately 4 951 882 ha. Geographically, it is the largest district 
municipality in the Limpopo Province but has the smallest population compared to the other districts. 

Mining, Agriculture and Tourism comprise the main sectors which characterise the economic profile of the 
Waterberg District. The mining industry in the municipal area contributes to the economic development of the 
Waterberg District and Limpopo Province. Furthermore, the Waterberg area is the largest production area of 
platinum in the province (Waterberg District Municipality, 2017). In the Waterberg District, the coal resource is 
estimated at 76 billion tonnes, which is more than 40% of the national coal reserve (Waterberg District 
Municipality, 2017). 

Minerals found in the district include chrome, platinum, nickel, tin, tungsten, coal, iron and other metals which 
contributed to the increased mining activity within the district. In 2011, the mining sector was the highest GDP 
contributor in the Waterberg District, contributing 47.4%. Hence the Waterberg District contributed significantly 
towards the national mining sector. Mining activities were around Mokopane, Lephalale, and Northam-
Thabazimbi. The mining sector created job opportunities within the district. Finally, the Medupi Power Station, 
which was built by Eskom near Lephalale, influenced the future development of the region (Waterberg District 
Municipality, 2017). 
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The agriculture sector was highly relied upon for employment opportunities within the Waterberg District. 
Major crops in the district included cotton, sunflower, tobacco, and soya beans. The cattle and game industry 
had undergone a significant transformation as water constraints resulted in the conversion of formerly 
cultivated land and livestock grazing to game ranching and eco-tourism. Agricultural enterprises included: milk 
production, game, citrus, irrigated vegetable production, poultry, grapes etc. Agriculture in the Waterberg 
District had development potential for game farming, agro-processing, meat and horticulture cluster and agro-
tourism. 

The historical and cultural heritage resources in the Waterberg District created potential tourism opportunities. 
Tourism sites in the Waterberg District included the Waterberg Biosphere Reserve, the Makapan Caves 
(Valley) and the Nylsvlei Wetland. The tourism sites within the Waterberg District contributed to the 
development of the local economy and had development potential opportunities such as tourism transport 
operators, tour operators and business tourism (Waterberg District Municipality, 2017). 

Land within the Waterberg District is characterised by towns, townships, villages, informal settlements and 
farms (Waterberg District Municipality, 2017). From Figure 1 below, the closest towns to the project location 
are Marapong, Onverwacht and Lephalale. 
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Figure 1: The project area in relation to the nearest towns 



April 2018 1784950-318483-4 

 

 
 

 7 
 

2.2.1 Population 
According to Census 2011, 679 336 people resided in the Waterberg District. The Waterberg District 
population was characterised by a higher number of men (343 171) than women (336 172). The higher ratio of 
men in the district was a result of employment opportunities within the Waterberg District being largely for 
men. In particular, Thabazimbi and Lephalale populations consisted of more men than women due to the 
impact of coal mines as well as the Medupi Power Station. Hence, there was an influx of men into the district 
who were seeking employment opportunities (Waterberg District Municipality, 2017). 

2.2.2 Age Structure 
Table 1: Age structure in the Waterberg District 

 2016 2011 

Population 745 758 679 336 

Population under 15 34.4% 29.9% 

Population 15 to 64 60.5% 64.3% 

Population over 65 5.1% 5.8% 

Source: (Municipalities of South Africa, 2012) 

From Table 1, it is evident that in 2011, the highest proportion of the population was aged between 15 and 64 
years, followed by the population aged under 15 years. The lowest proportion of the population is from the 
over 65 years age group. The population proportions slightly changed in 2016 as the percentage of the 
population under 15 years increased to 34.4%. In 2016, the population aged between 15 and 64 years slightly 
decreased to 60.5% together with the population aged over 65 years, which also slightly decreased to 5.1%. 
Hence, it is evident that the older population (15-above 65) had decreased and the much younger population 
group had increased (Municipalities of South Africa, 2012). 

2.2.3 Employment Profile 
The total employed population of the working-age (15-65 years) in the Waterberg District consisted of 167 808 
individuals. The unemployed total working-age comprised of 65 612 individuals. A further 16 260 individuals 
were categorised as discouraged work-seekers. Finally, a total of 187 182 individuals of the working-age 
population were categorised as ‘other not economically active’. Thus, the total unemployed percentage of the 
working-age population (15-65 years) in the Waterberg District was 28% in 2011 (Waterberg District 
Municipality, 2017). 

Regarding youth unemployment rates in the district, in 2001 the youth unemployment rate was at 41.1%, it 
slightly decreased to 35.5% in 2011. Furthermore, the overall unemployment percentage within the district 
also slightly decreased from 31.7% (2001) to 28.1% (2011). Hence, there has not been a significant decrease 
in the unemployment percentage within the district between 2001 and 2011. 

2.2.4 Education 
The majority of individuals residing in the Waterberg District had obtained a matric certificate or completed 
grade 12 (95 969). Unfortunately, this is followed by 55 192 who have no form of schooling. Hence, this high 
number of individuals who have not received schooling can be associated with the high unemployment in the 
district. 
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2.2.5 Household Dynamics 
In 2001, there were 145 883 households within the Waterberg District which significantly increased to 179 866 
in 2011. The increase in the number of households can be linked to the increased mining and agricultural 
development in the district which attracted employment seeking individuals into the region causing population 
growth and resulting in an increased number of households. 

2.2.6 Water 
In terms of water provision, the majority of the rural communities within the Waterberg District relied on 
boreholes and bulk storage. The quality of water was negatively affected by the ageing infrastructure, 
adversely impacting on water quality. Bela-Bela and Modimolle also reported poor water quality. 

2.2.7 Sanitation 
Mogalakwena, Lephalale and Thabazimbi had inadequate sanitation systems. Modimolle and Bela-Bela 
experienced excessive overflowing sewage due to ageing infrastructure (Municipalities of South Africa, 2012). 

2.2.8 Electricity 
A total of 148 144 households in the Waterberg District had access to electricity (Waterberg District 
Municipality, 2017). Challenges about the provision of electricity included a lack of funding and poor 
infrastructure. 

2.2.9 Waste Management 
It is the district municipalities’ responsibility to ensure that waste management systems are effective and 
functional. In terms of refuse service levels, Modimolle had the highest percentage of households with access 
to refuse removal services (73.3%), followed by Bela-Bela (69.7%) and Mookgophong (64.1%). In 
Thabazimbi, 60.4% had access to refuse removal service levels while Lephalale had 41.0%. Mogalakwena 
had the lowest percentage of households with access to refuse removal services (26.8%) (Waterberg District 
Municipality, 2017). In 2011, the Waterberg District recorded the highest proportion of households whose 
refuse was removed by the local authority (45,5%) (Lehohla, 2014). 

2.2.10 Health 
Tuberculosis (TB) is caused by bacteria (Mycobacterium tuberculosis) that most often affect the lungs. TB is 
spread from person to person through the air. However, Tuberculosis is curable and preventable (WHO, 
2017). The HIV infects cells of the immune system, destroying or impairing their function. AIDS is a term 
which applies to the most advanced stages of HIV infection (World Health Organization, 2016). 

Within the Waterberg District, there were 11 hospitals, 57 clinics, 29 mobile clinics and only one community 
health centre (Waterberg District Municipality, 2017). In 2010, the percentage of diseases including HIV and 
AIDS within the Waterberg District was 26.1%, the percentage increased to 30.3% in 2011. Thus, the 
Waterberg District had the highest percentage of diseases, including HIV and AIDS in the Limpopo Province 
(Limpopo Provincial AIDS Council, 2017). 

There was a deterioration of population growth due to a high level of HIV/AIDS-related mortality, birth rates 
declined, and life expectancy decreased. Health-related challenges in the Waterberg District included high 
percentages of teenage pregnancy, ineffective HIV/AIDS and TB awareness campaigns, various people falling 
outside the kilometre radius to the hospitals and clinics. Most rural villages were located far from the health 
facilities, i.e. beyond 20 km of reach from hospitals and beyond five kilometres from clinics. Thus, 
communities lacked access to health facilities within the district. 
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2.2.11 Safety and Security 
The Waterberg District had a total number of 25 police stations. Safety and security challenges experienced in 
the Waterberg District included a lack of monitoring with regards to the correct utilisation of licences and 
permits issued to liquor sellers, illegal operation of unlicensed taverns, lack of access to certain crime scenes 
due to bad conditions of roads and lights, domestic violence (women and child abuse), crime awareness, 
substance abuse and urgent municipal by-laws. In terms of disaster and risk management, challenges 
experienced by security officers included the lack of financial support, lack of reserves or stockpiling of 
durable equipment, lack of skilled personnel, lack of communications systems, lack of awareness campaigns 
and community participation (Waterberg District Municipality, 2017). 

2.2.12 Infrastructure 
Roads in the Waterberg District are connected with national, provincial and district roads. The primary route 
network includes the N1, N11, R518, R572, R33, R510, R516 and the R101. Unfortunately, many of these 
road networks were rapidly degrading due to a lack of maintenance and rehabilitation. 

Buses and taxis predominantly utilised local road and gravel networks. These local road networks were below 
standard and often in poor condition. Challenges related to infrastructure in the Waterberg District included the 
lack of upgrading, improved stormwater management, lighting and parking amongst others. Internal, smaller 
village roads were also usually in a bad state. The low priority being given to the upgrading of roads was due 
to insufficient pavement management and traffic data. 

Waterberg District Municipality had a total road distance of 21 938 km of which only 16% (3 555 km) was 
surfaced. Although most of the road networks were surfaced, they were not necessarily in good condition. 
However, there were some road building and surface projects in progress which would improve accessibility 
and mobility of people in general (Waterberg District Municipality, 2017). 

2.3 Overview of the Lephalale Local Municipality 
The Lephalale Local Municipality forms part of the Water District Municipality and is positioned approximately 
280 km away from Tshwane and 40 km from the border of Botswana. The municipality is divided into three 
main settlements, namely Lephalale, Onwerwacht, Marapong and thirty-eight (38) surrounding villages. 

Lephalale is the main growth and development point in the Waterberg District Municipality and has 
experienced a major influx of people since the construction of Eskom’s Medupi Power Plant commenced in 
2007. The Medupi Power Station influenced future development regarding investment and employment 
opportunities of the overall Limpopo region (Waterberg District Municipality, 2017). Although the construction 
project provided job opportunities to more than 7 000 local employees, the impact of the completion of the 
construction phase has left many people unemployed with limited alternative job opportunities. 

2.3.1 Population 
The population within the Lephalale Local Municipality was 115 767 in 2011. There has been a significant 
increase in the population of Lephalale since 2012 which may be attributed to an increase in job opportunities 
in the area due to the construction of the Medupi Power Station and the expansion of the Waterberg coalfield. 
Population figures in the Waterberg SEAT Report (2012) estimated the local municipality to be close to 94 000 
people, with a projected population number of 103 000 by 2017. The StatsSA Community Survey conducted 
in 2016 recorded the population total in the Lephalale Local Municipality as being 140 240. The population 
density in the area, at approximately 10.2 people/km2, is lower than the national average of approximately 
41.4 people/km2. 
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2.3.2 Population Group Distribution 
In relation to the Waterberg SEAT Report (2012), there has been a 25% increase in the number of black 
African people within Lephalale and a decrease in the white population by 22%. This is likely due to the 
Medupi Power Station construction project, as well as the expansion of the mining area of Grootegeluk and 
the development of the town as a whole. Table 2 below indicates the population distribution within the 
Lephalale Local Municipality. 

Table 2: Race profile within Lephalale Local Municipality 

Race Black Coloured  Indian/Asian White 

Population 126 997 395 322 12 526 

 

2.3.3 Language Profile 
The majority of the population within the Lephalale Local Municipality speak the local dialect, Sepedi, followed 
by Setswana and Afrikaans, as shown in Figure 2 below: 

 
Figure 2: Language profile within the Lephalale Local Municipality 

This language distribution is almost similar to the distribution estimated and reported in the 2012 SEAT report, 
as shown in Table 3 below: 

Table 3: Language distribution within the Lephalale Local Municipality 

Language  SEAT report 2012 estimate 

Afrikaans 9% 

North Sotho/Sepedi 53% 

Setswana 29% 
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Language  SEAT report 2012 estimate 

Other  
9% 

 

2.3.4 Age Structure 
The population in Lephalale is predominantly youthful, with 70% of the population being under the age of 
35. This is similar to the South African total of 72% under the age of 35 (Stats SA, 2018). The Waterberg 
SEAT Report (2012) indicated that the population aged 65 and over was 5% in 2012, which has since 
decreased to 3.26%. According to the Community Survey conducted in 2016, the youth population 
(below 20 years of age) sits at 37.26%, indicating a decrease of almost 6% since 2012. This percentage 
is significantly lower than the 46.4% reported for South Africa in 2018 (Stats SA, 2018) and could be a 
function of the construction activities at the Medupi Power Station attracting a large number of people in 
the 20 – 35 year age bracket. 

 
Figure 3: Age profile within the Lephalale Local Municipality 

2.3.5 Gender Profile 
The Waterberg SEAT Report (2012), estimated that the male to female split within the local areas was 
51% male to 49% female. This split has since shifted over the last five years, with the split being closer 
to 56% male and 44% female, representing a gender ratio of 1.27 males to every female. National 
averages are 49.1% male to 50.9% female. Please refer to Figure 4 in this regard. 

 
Figure 4: Male to female split 
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2.3.6 Employment and Income Profile 
The three clusters that are most relevant in terms of employment include coal mining and power generation, 
agriculture, specifically the game industry, and tourism. The local economy is dominated by coal mining and 
power generation. The construction of the Medupi Power Station and related activity has led to an increase in 
work opportunities. 

Exxaro Grootegeluk currently employs 7432 people, of which 69% are from the Limpopo Province (both 
permanent and contractor employees). The majority of individuals who qualify to be employed (i.e. within 
working age, South African citizen or with appropriate work visa) are employed in Lephalale either with Exxaro 
or Eskom.  Table 4 and Figure 5 below indicate the employment status within the Lephalale Local 
Municipality. 

 
Figure 5: Employment status within the Lephalale Local Municipality 

Approximately 60% of the population earns between R 9 600 and R 76 800 per year, with the average for the 
Lephalale area being R 30 000 per year (Table 4). 

Table 4: Income bracket by population in the Lephalale area 

Income bracket Population (%) 

Not applicable 0 

Unspecified  4 

No income 5 

R 1 – R 4 800 2 

R 4 801 – R 9 600 4 

R 9 601 – R 19 200 22 
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33%

32%

Employment Status

Discouraged work-seeker

Employed
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Other (not economically
active)
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Income bracket Population (%) 

R 19 201 – R 38 400 22 

R 38 401 – R 76 800 17 

R 76 801 – R 153 600 11 

R 153 601 – R 307 200 8 

R 307 201 – R 614 400 3 

R 614 401 – R 1 228 800 1 

R 1 228 801 – R 2 457 600 0 

R 2 457 600 or more 0 

 

2.3.7 Migration Patterns 
The construction of the Medupi Power Station and the Grootegeluk expansion project significantly increased 
the demand for specialised contractors in the area. This has skewed all available statistics around migration 
patterns to the Lephalale area. There are also a number of individuals within the area who are now staying in 
informal accommodation around the mine, i.e. in Marapong and travelling back home to the rural towns over 
the weekends. 

 
Figure 6: Citizenship of the population residing in the Lephalale area 

2.3.8 Domestic Profile 
A clear majority of residents in Lephalale (66,5%) live in formal dwellings (brick/concrete structures on 
separate/individual stands/yards) (Table 5). 
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Table 5: Types of dwellings in the Lephalale area 

Type of Dwelling Total (%) 

Caravan/tent 0.1 

Cluster house in complex 1.0 

Flat or apartment in a block of flats 2.2 

House/flat/room in backyard 2.5 

House or brick structure 66.5 

Informal dwelling in backyard 6.4 

Informal dwelling 14.9 

Other 0.6 

Room/flat on a property 3.3 

Semi-detached house 0.9 

Townhouse in a complex 0.1 

Traditional dwelling 1.5 

Unspecified 0.0 

 

2.3.9 Social-Political Governance Context 
2.3.9.1 Administrative Structures 
Municipal area 
The Lephalale Local Municipality comprises 120 wards which are represented by ward committee members. 

Community development workers (CDWs) 
To improve community participation and intergovernmental relations, and to provide services to the 
communities, twelve (12) CDWs are deployed in all the wards across the municipal area. 

2.3.9.2 Traditional Leaders 
Traditional leadership plays a very important role in rural areas, such as in the Waterberg municipal area. 
Traditional leaders can promote indigenous knowledge and assist municipalities with sustainable 
management as well as the allocation of land for residents and development. They also perform customary 
law roles that are covered by the South African Constitution. 

There are three acknowledged chieftains in Lephalale, namely: 

 Queen Langa of the Babididi ba ga Shongoane; 

 Mma Laka of Mokuruanyane; and 

 Kgosi Seleka of Baphuting bo Seleka. 
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2.3.9.3 Auditor General’s Report for the Lephalale Municipality 
The Lephalale Local Municipality has received an unqualified audit since 2014/15 (Table 6), and although the 
municipality’s report from the Auditor General has moved out of stagnation, there are identified areas of 
improvement that the municipality will implement to improve the current state of financial management affairs. 

Table 6: Results of the Auditor General's Report for the Lephalale Local Municipality 

Year 2014/15 2015/16 2016/17 

Audit report Unqualified  Unqualified Unqualified 

 

2.3.10 Economy 
The Limpopo Growth and Development Strategy has defined Lephalale as a coal mining and petrochemical 
cluster. The area has experienced rapid growth through the mining expansion and construction of Medupi 
Power Station, which has started demobilising staff from completed projects. 

Lephalale is currently in the final stage of considerable public sector investment, estimated at R140 billion 
over six years, for the construction of Medupi Power Station. One of government’s key priorities is to increase 
economic growth and to promote social inclusion. 

The economic value of production in Lephalale Local Municipality is driven by coal mining and electricity 
generation. By comparison, the contribution of other sectors to the value of production is relatively small. The 
structure of the local economy is likely to become even more concentrated after the coal mine expansions and 
the new power station construction that are currently underway. 

2.3.10.1 Unemployment in Lephalale 
According to the Integrated Development Plan 2018/19, unemployment measured in Lephalale in 2016 was 
22.2%, which is above the average provincial rate of 20%. The labour force participation rate in Lephalale is 
above the provincial average, which indicates the high incidence of workers who originate from other places. 

2.3.10.2 Development Opportunities 
The economy in the Lephalale Local Municipality can be divided into three main categories, namely, primary, 
secondary and tertiary sectors. Focus areas for development opportunities include: 

 Creating an enabling environment where the electricity sector can become a hub within the provincial 
and national economy; 

 Using the primary resources to create an opportunity for tourism development in the Lephalale region; 

 Supporting the agricultural sector by the creative and sustainable development of SMME’s to integrate 
the agricultural and mining sectors with tourism development; and 

 Adding value to the raw materials. The manufacturing of products that use the raw materials mined at 
Lephalale should be a core development potential. 

2.3.11 Education 
In 2011, 9.9% of the population in the Lephalale Local Municipality had no schooling. Only 5% of the 
population had completed primary school. A further 24.5% (16 706 individuals) had completed grade 12. The 
Lephalale Local Municipality had the second-highest grade 12 completion rates within the Waterberg District, 
following the Mogalakwena Local Municipality (38 044). From the population, 10.6% had completed higher 
education. The challenges experienced by the Lephalale Local Municipality relating to education included poor 
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road conditions and a lack of scholar transport. Some disabled learners are kept at home as a result of 
overcrowded classrooms. The inadequate or lack of water and mismanagement of funds pose additional 
challenges within the education system (Lehohla, 2015). A total of 75 schools were located within the 
Lephalale Local Municipality, which catered for primary and secondary school learners (Lephalale Local 
Municipality, 2016). 

Even though the Lephalale Local Municipality had the second-highest number of grade 12 graduates, 
unemployment remained relatively high. The overall matric pass rate in the area has increased steadily over 
the past few years; however, there was a decline in each of the circuits in 2017. It can be seen in Table 7 
below that the matric pass rates in the Lephalale area are consistently below the national pass rates. 

Table 7: Matric pass rate in the Lephalale area 

Area 2015 2016 2017 

National 72.5% 75.1% 78.2% 

Cluster 49.93% 58.78% 68.24% 

Ellisras 77.82% 79.55% 66.45% 

Phalala North  62.98% 55.32% 46.46% 

Phalala South 65.71% 48.47% 47.34% 

 

2.3.11.1 Infrastructure 
Lephalale Local Municipality has a total of 94 educational facilities across the three tiers of education. More 
than 95% of the population is within a 30-minute walking distance from the nearest educational facility. In rural 
Lephalale, there are 72 primary and secondary schools in the Phalala South and North circuit areas alone. 
There are a further 22 schools on various farms in the Ellisras circuit area. The FET College within the 
municipality is located in Onverwacht and caters for training needs for the whole Waterberg District 
Municipality. 

2.3.12 Household Dynamics 
In 2001, there were 24 360 households within the Lephalale Local Municipality. The number of households 
increased to 29 880 in 2011. The increase in the number of households was an indication of population 
growth within the region, which could be associated with the economic development in the region (Waterberg 
District Municipality, 2017). 

2.3.13 Utilities, Infrastructure and Service Delivery 
With the increase in the Lephalale population from 118 864 (Census, 2011) in 2011 to 140, 240 (Community 
Survey, 2016) in 2016, the infrastructure, especially bulk water supply, sanitation, roads and electricity is 
under tremendous strain and requires improvement and investment. 

2.3.13.1 Infrastructure 
The roads in Lephalale are adequately connected to national, provincial and district roads. Within the 
Lephalale Local Municipality, 16% of the roads are paved while 84% of the roads are unpaved (Waterberg 
District Municipality, 2017). The R33 road serves as a link between Lephalale and Modimolle municipality, 
particularly for the delivery of machinery and equipment for construction of the Medupi Power Station, 
expansion of the Grootegeluk coal mine and future developments. A major concern is that the roads are 
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rapidly degrading due to the increasing economic activities. In general, the lower roads in Lephalale are 
unpaved as Lephalale is a densely populated area. 

Approximately 821.83 km of the roads within the municipality are gravel. The majority of the infrastructure in 
the municipality is between 10 to 20 years, hence within the next four years, the majority of the unpaved roads 
will need to be replaced. Roads are often in a poor state due to the limited maintenance of the roads. 
Challenges include the lack of funds, human resources, equipment and capacity to maintain existing 
infrastructure 

According to Census 2011, sports facilities in both Onverwacht and Marapong were privately owned. Mogol 
sports centre and Marapong stadium are the two facilities which were available to urban areas. There were 
public parks with playing equipment in the urban areas. Some of these parks were maintained although the 
standard in Marapong was lower as compared to the one in Onverwacht and town. There were only two 
parks, and the third was nearing completion in the entire rural villages although the majority of the population 
resided in those settlements. There are two sports field at Ga-Monyeki village and Thabo-Mbeki Township 
which catered for sporting activities in rural areas. In addition, the Lephalale Local Municipality had three 
libraries (Waterberg District Municipality, 2017). 

From Figure 7, it is clear that the primary route network includes the N1, N11, R518, R56, R510, R516 and the 
R101. The R518 is a regional route in South Africa that intersects with the R510 at Lephalale. 
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Figure 7: Regional roads in Lephalale 
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2.3.13.2 Water 
Service delivery in Lephalale is relatively high, with 73.2% of individuals receiving water from a regional or 
local service provider. 

In 2001, a total of 7 350 households had access to piped water inside their dwelling, followed by 2 787 
households who had access to piped water inside their yard. Additionally, 10 214 households had access to 
piped water from an access point outside their yard. A total of 3 095 households make use of a borehole, 66 
households use dams/pools as a water source, 166 households use rivers/streams as their water source, and 
66 households make use of a water vendor to obtain water (Waterberg District Municipality, 2017). Figure 8 
below indicates the various ways in which water is accessed in the Lephalale Local Municipality. 

 
Figure 8: Access to water vs. percentage of the population 

Challenges faced within the Lephalale Local Municipality with regards to water include the following: 

 The catchment in which Mokolo Dam is located is currently in deficit; 

 Dry boreholes due to lack of rain; 

 Aged bulk infrastructure in some urban and rural areas; 

 Illegal water connections in rural areas affect water availability; 

 Non-availability of ground water in rural areas; 

 Unplanned growth of rural villages extensions makes it difficult to provide water to all; 

 Insufficient water tinkering to informal settlements and farms; 

 Implementation of water conservation and water demand management programme; and 

 Insufficient budget for operations and maintenance for water infrastructure in rural villages. 
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2.3.13.3 Sanitation 
The availability of sanitation facilities does not only improve the dignity of people but also promotes their 
health. Areas without proper sanitation systems give rise to water-borne diseases such as cholera, diarrhoea, 
typhoid etc. It is therefore important that as the Lephalale Local Municipality, priority is given to this service, 
particularly considering the backlog (rural sanitation) and the national target. 

Sanitation within the Lephalale Local Municipality is poor considering that the Lephalale Local Municipality had 
the third lowest rates in terms of sanitation within the Waterberg District and ranked 108th in South Africa for 
flush toilets connected to sewerage (Stats SA, 2011). 

Sanitation in the rural areas consists of informal pit latrine structures or Ventilated Improved Pit Latrine. It 
is estimated that 5% of the households have no sanitation service. There is no water-borne sanitation in 
the rural area, and the sanitation level of service varies from no service to a basic level of service. 

Approximately 14 255 households will require an improved sanitation system. The sanitation in Thabo-
Mbeki and Thabo-Mbeki Extension 1 is mostly septic tanks with French drains. The CBD has access to 
full water-borne sanitation systems that drain into oxidation ponds which have currently reached their 
maximum capacity. 

The majority (94%) of the water-borne sanitation infrastructure in the Municipality is over 20 years old. 
Approximately 15% of the sanitation network has been identified as being in a poor to very poor 
condition. These assets will have experienced significant deterioration and may be experiencing 
impairment in functionality and will require renewal or upgrading. Figure 9 below indicates the lavatory 
types utilised within the Lephalale Local Municipality. 

  
Figure 9: Lavatory types within the Lephalale Local Municipality 
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Challenges impacting the sanitation delivery in the Lephalale area include: 

 Aged infrastructure for bulk and internal sewer reticulation; 

 Inadequate budget for operation and maintenance of sewer infrastructure; 

 Insufficient capacity for wastewater treatment works; and 

 Organisational structure not strategically aligned to execute operational requirements Oxidation pond in 
Marapong operating above capacity. 

2.3.13.4 Electricity 
Between 2001 and 20011, electricity and wood were the predominant sources of energy used by the 
Lephalale Local Municipality population. 

In 2001, 9 174 households within the Lephalale Local Municipality used electricity for cooking, 10 515 
households used electricity for heating, and 16 904 households used electricity for lighting (Waterberg District 
Municipality, 2017). In 2001, 18 046 households used electricity for cooking, 18 059 used electricity for 
heating, and 25 398 households used electricity for lighting purposes. In 2001, 12 929 households used wood 
for cooking, and 11 837 used wood for heating purposes. In 2011, 8 600 households made use of wood for 
cooking while 6 258 households made use of wood for heating. Thus, it is evident that the use of wood for 
cooking and heating purposes decreased between 2001 and 2011. Finally, 15% of the households within the 
Lephalale Local Municipality had no electrical connection. Figure 10 below indicates the electricity sources 
used in the Lephalale area. 

 
Figure 10: Electricity sources used in the Lephalale area 

Electricity challenges faced in the Lephalale area include: 

 Upgrading the internal electricity network for aluminium to copper cables for easy maintenance; 

 Overhead line from Onverwacht and back from town to Onverwacht substation; 

 Poor response time to electricity breakdown due to lack of resources (transport); 
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 Cable theft in rural areas; 

 Inconsistent Eskom billing of KWA and KVA to the municipality; 

 Unplanned housing extensions in rural villages; and 

 Lack of capacity by the mechanical department. 

2.3.14 Waste Management 
The main producers of municipal solid waste are residents, businesses and institutions. Waste can be 
hazardous and requires special handling to protect humans and the environment. Hazardous waste includes 
pesticides, petrochemicals, medical wastes and heavy metals. 

Within the Lephalale Local Municipality, 41% of households had access to refuse removal services. Generally, 
domestic or household waste was collected in urban areas. The provision of waste collection services was 
limited in rural areas. Hence, communities relied on backyard and communal dumping sites. The Lephalale 
Local Municipality had a total of four landfill sites, of which three were permitted sites (Waterberg District 
Municipality, 2017). 

Challenges experienced by the Lephalale Local Municipality in terms of waste management included a limited 
number of disposal sites to cover all communities in municipal areas. Secondly, the geographical area was 
also large and was comprised of mostly rural areas, with scattered villages, high population densities, and 
poor quality roads. There was also often increased residential development in urban areas often without a 
concurrent increase in resources. Illegal dumping occurred both within urban and rural settlements. Most 
dumping sites had reached their capacity levels. Additionally, the Lephalale Local Municipality often had 
limited financial resources to establish new dumping sites. Finally, the required standards of refuse removal 
services were often not met (Waterberg District Municipality, 2017). 

2.3.15 Safety and Health Factors 
2.3.15.1 Safety and Security 
In terms of availability of police stations, Lephalale Local Municipality and Thabazimbi had the highest number 
of police stations within the Waterberg District. The Lephalale Local Municipality had a total of six police 
stations based in Lephalale, Thabo-Mbeki, Tom Burke, Villa Nora, Shongoane and Belg River. The challenges 
that the municipality faced in terms of safety and security was the lack of license and permits monitoring, 
illegal operations of unlicensed taverns, lack of access to certain crime scenes due to bad conditions of roads 
and lights, high rates of domestic violence (women and child abuse), communities lacked crime and 
substance abuse awareness (Waterberg District Municipality, 2017). 

2.3.15.2 Health 
The health function in the Lephalale Local Municipality is provided by the district and provincial department. In 
2011, Lephalale had two hospitals and one private hospital (Waterberg District Municipality, 2017), which 
serves a population of approximately 66 300 people. Clinics in Lephalale offer primary healthcare, and there 
are five main clinics, equipped with mobile units for the scattered villages and farms offering these services. 
These clinics are responsible for the distribution of medicine for chronic diseases, prenatal care for pregnant 
women, and testing for chronic diseases. 

Health-related challenges that the Lephalale Local Municipality faced included the influx of people into the 
municipality as a result of economic development has placed more pressure on the referral centres, health 
facilities lack adequate infrastructure, i.e. water, sanitation, fencing and so forth, high rates of teenage 
pregnancy, ineffective awareness campaigns for HIV/AIDS and TB, people travelled far distances to reach 
clinics and hospitals. 
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Ambulance service 
The ambulance service within the municipality is rendered by the Provincial Department of Health and Social 
Development, and it is co-coordinated at the district. There are two ambulance centres in the municipality, 
located and based at the two hospitals within the municipal boundaries. The service centres are in 
Onverwacht at the Lephalale hospital and satellite service centre at Witpoort Hospital. 

HIV-AIDS and sexually transmitted diseases 
There has been a deterioration of population growth due to high levels of HIV/AIDS-related mortality, which 
has slowed the population growth rate and has resulted in a decline in the birth rate and life expectancy. In 
2010, Thabazimbi had the highest HIV/AIDS prevalence percentage of 40.7%, followed by Mookgophong 
(33.3%), Modimolle (32.4%) and Lephalale (30.4%). 

HIV-AIDS remains a challenge, and although there are some discrepancies in research findings, the HIV/AIDS 
+ percentages in the area are as follows (Table 8): 

Table 8: HIV/AIDS + percentages in the greater region and Lephalale area 

Geography Years 2001 2007 2011 2013 2014 

Limpopo HIV + 
estimates 

211 106 339 034 371 439 379 718 381 069 

AIDS 
estimates 

6 433 14 868 19 587 21 559 22 199 

Waterberg HIV + 
estimates 

28 362 49 114 54 327 55 164 55 490 

AIDS 
estimates 

885 2 201 2 921 3 191 3 293 

Lephalale HIV + 
estimates 

4 335 8 203 9 901 10 309 10 471 

AIDS 
estimates 

136 367 529 590 614 

 

2.4 Overview of the Ward Based Profile 
The Lephalale Local Municipality consists of 12 local wards. Below, Figure 11 is an indication that the project 
lies within Ward 2. The surrounding wards include wards 1, 4 and 5. The map also clearly indicates the 
Waterberg District Municipality as well as the Lephalale Local Municipality. 
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Figure 11: The project area in relation to the municipalities and respective wards 
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2.4.1 Population 
The total population of Ward 2 within Lephalale Local Municipality comprises of approximately 13 442 people. 
From the overall population, there were 9 576 males and 3 866 females residing in Ward 2. Hence males 
make up 73% of the population, while females only make up 27% of the population (www.wazimap.co.za, 
2016). The significant difference between the number of males and females in Ward 2 can be associated with 
the overall existing mining activities within the Limpopo Province (Lephalale Local Municipality, 2016). The 
Medupi and Matimba power stations are located within proximity to Ward 2 which attracts males who are 
seeking employment opportunities. Ward 1 has the highest number of males within Lephalale Local 
Municipality (consisting of 10 182 males) while Ward 2 has the second-highest number of males (9 576) 
followed by Ward 3 (6 349). Ward 1 also has the highest number of females (7 231) while Ward 3 has the 
second-highest number of females (4 790) followed by Ward 10 (4 647). Therefore, Ward 1 consists of the 
highest population (17 413) followed by Ward 2 (13 442) (Lephalale Local Municipality, 2016). 

2.4.2 Age Structure 
The median age of Ward 2 is 29 years old. According to StatsSA 2011, approximately 11% of the population 
was under the age of 18 while 88% of the population comprised of individuals between 18 and 64 years. 
Hence the population of Ward 2 is relatively young. Similarly, the median age of the Lephalale Local 
Municipality is 25 years. Approximately 61% of the population is aged between 18 and 64 years, while 35% of 
the population is under the age of 18 years. Finally, 3% of the Lephalale local population is aged over 65 
years (www.wazimap.co.za, 2016). Hence, Lephalale has a relatively younger population than Ward 2. 

2.4.3 Employment Profile 
Within Ward 2, approximately 28% of the population is employed. A significant percentage of 63% comprised 
of the ‘other’ category of individuals who are considered not to be economically active. Furthermore, 9% of the 
population in Ward 2 are unemployed, and 1% are discouraged work-seekers. Additionally, 87% of the 
population are employed in the formal sector, while 9% are in the private household sector of employment. 
Finally, 3% are employed in the informal sector. In comparison, 44% of the Lephalale Local Municipality 
population is employed while 42% comprises of the ‘other’ not economically active population. A further 13% 
were unemployed, and 2% were discouraged work-seekers. Moreover, within the Lephalale Local 
Municipality, 71% of the population were employed in the formal sector while 14% were employed in the 
private household sector with a further 13% employed in the informal sector (www.wazimap.co.za, 2016). 

Thus, it is evident that the Lephalale Local Municipality has higher employed and unemployment rates due to 
Lephalale consisting of a larger population than Ward 2. 

2.4.4 Education 
In 2011, 39% of the population residing in Ward 2 had completed grade 9 or higher while 20% had completed 
matric or higher. Within the Lephalale Local Municipality, 73.4% had completed grade 9 or higher while 38.2% 
had completed matric or higher. These percentages can be associated with population rates where Lephalale 
Local Municipality has a higher population than Ward 2. 

Lephalale Municipality had a total of 85 various educational facilities in 2011. Approximately 95% of the 
population is within 30 minutes, walking distance to the nearest education facility. Within the rural settlements 
of Lephalale, there are 63 primary and secondary schools in the Phalala South and North regions. There are 
19 schools on various farms and within the Lephalale area. Furthermore, four secondary schools are located 
within the Mogalakwena Municipality but fall within the Lephalale circuit area. A Further Education Training 
(FET) college is located in Onverwacht and caters for the entire Waterberg District Municipality (Lephalale 
Local Municipality, 2016). 
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The Lephalale Municipality manages two fully established community libraries based in Onverwacht and 
Marapong. Library services are also provided at the two satellite areas of Thabo-Mbeki and Shongoane. 

2.4.5 Household Dynamics 
There are approximately 2 581 households within Ward 2. Lephalale Local Municipality had one medium-
sized town, approximately 38 scattered rural villages and some very small settlements situated on traditional 
land with an average population of 800 people. Such villages include Ditloung, Martinique, Mokuruanyane, 
Ga-Monyeki and Setateng, among others (Lephalale Local Municipality, 2016). Approximately 40% of the 
population residing in Ward 2 live in a house while 33.4% of households are informal dwellings (shacks). 
Within the Lephalale Local Municipality, there are 43 002 households, of which 67% reside in a house while 
21.3% are households that comprise of informal dwellings (shacks) (www.wazimap.co.za, 2016). 

2.4.6 Water 
The population residing in rural areas obtain water through boreholes, and no external pipelines were used 
within rural areas. Local boreholes within the vicinity of the settlements were used to pump water. Water was 
distributed to a central reservoir from which it would then be circulated to the community whereby the 
community receives water through street taps. Unfortunately, illegal connections were a common 
characteristic amongst rural areas (Lephalale Local Municipality, 2016). 

According to StatsSA 2011, rural areas within the Lephalale Local Municipality obtain their water from 
groundwater sources (approximately 85% from boreholes and 15% from well field type boreholes in the 
riverbed alluvium). The Lephalale Local Municipality owns and operates a network of approximately 138 
boreholes which serve approximately 38 villages (Lephalale Local Municipality, 2016). Once the available 
water is pumped to storage reservoirs, it is then distributed to consumers. Further, the groundwater from the 
boreholes generally has low volumes due to poor water quality (class 3 or 4); however, rural communities are 
not necessarily exposed to health risks. The actual volume of water supply to rural communities and villages is 
unknown, and the Lephalale Local Municipality commissioned a study on water volumes provided to rural 
villages in 2011 (Lephalale Local Municipality, 2016). In the Lephalale town and Ward 3, approximately 75% 
of the households had access to water inside their dwelling, while 20% had a tap in the yard. The balance of 
the communities made use of community standpipes. There are 14 102 households that are provided with free 
water services in Lephalale. Challenges faced by the municipality included the majority of the population 
residing in the rural areas with enormous backlogs in municipal infrastructure, housing and social facilities. 

In Figure 12, the Mokolo River catchment in which the Mokolo Dam is located had a supply capacity of 
145.4 million m3 and was in deficit with very little potential for development with the limited water resource in 
the catchment area. Future developments for power generation require extensive additional volumes of water 
which cannot be supplied from the limited resources within the Mokolo Water Management Area. Thus, water-
related challenges within the Lephalale Local Municipality include the Mokolo Dam being in deficit, poor 
borehole yields in rural areas, illegal connections in rural areas, limited availability of groundwater in rural 
areas and poor quality drinking water in rural areas (Lephalale Local Municipality, 2016). 
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Figure 12: The project area in relation to the rivers in Lephalale 

From Figure 12, it is evident that the Tambotie and Rietspruit rivers join the Mokolo River. The Sandloop River 
is a non-perennial river flowing in a north-easterly direction towards the Mokolo River. The Mokolo River is a 
large perennial river, which is a tributary of the Limpopo River. The Sandloop River is situated within the 
eastern portion of the 8 km buffer zone. 

2.4.7 Sanitation 
The term ‘sanitation’ refers to the maintenance of hygienic conditions, through services such as refuse 
collection and the disposal of wastewater. Worldwide water-borne diseases such as cholera, diarrhoea, and 
typhoid are caused by inadequate sanitation. Improving sanitation is known to have a significant beneficial 
impact on health within communities. Not only does the availability of sanitation improve the dignity of people, 
but it also promotes their overall health (‘WHO | Sanitation’, 2017). 

Sanitation in the rural areas within Lephalale consist of informal pit latrines structures or ventilated improved 
pit latrines. An estimated 5% of households have no access to sanitation services. The sanitation level of 
service varies from no service to a basic level of service. Rural areas within Lephalale do not have sufficient 
water resources to accommodate sanitation systems for rural communities (Lephalale Local Municipality, 
2016). Further, the majority (94%) of the sanitation infrastructure in the Lephalale Municipality is over 20 years 
old. In 2011, there were 38 pump stations in Onverwacht and Lephalale. Sewage discharged from these two 
areas are treated at the Paarl sewage treatment works which currently has the capacity to treat 7.25 ML 
sewage per day and had spare capacity of 3 ML in 2011(Lephalale Local Municipality, 2016). A total of 565 
households are provided with free sewerage and sanitation services. However, approximately 1 538 
households require improved sanitation systems. 
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2.4.8 Electricity 
The Lephalale Municipality supplies electricity to Onverwacht and the eastern region of Lephalale. The 
Lephalale electricity network is supplied from Eskom at 11 kV through the Lephalale Main Substation next to 
the Onverwacht area. The Eskom supply is generated at the Matimba Power Station which also supplies the 
Eskom Waterberg substation. From the Waterberg substation, the power is fed via two Wolf conductor lines 
(approximately 8 km each) to the main substation at Lephalale. A total of 3 429 households are provided with 
free electricity within Lephalale. Rural villages, farm areas and Marapong are Eskom distribution areas. 
However, the Villa Nora and Tom Burke substations will require an additional 20 MVA capacity for the next 
few years (Lephalale Local Municipality, 2016). The overall supply of electricity for the municipality is received 
from the Waterberg substation. However, a major challenge faced by the municipality is that there is no spare 
capacity available for the increasing population. 

2.4.9 Waste Management 
According to the Census data collected in 2011, 86% of the households in Ward 2 have access to a disposal 
service provider on a regular basis while 7% make use of their own refuse dumps and 2% make use of a 
communal refuse dump. Overall, 88% of households in Ward 2 received refuse disposal from a local authority 
or private company (www.wazimap.co.za, 2016). Within Lephalale, 42% of households make use of their own 
disposal dumps, 38% have access to a regular disposal service provider, while 10% have no access to any 
form of refuse disposal services and 4% made use of a communal dump. Overall, only 39% of households in 
Lephalale had access to refuse disposal services from the local authority or private company. A total of 14 102 
households have access to free refuse removal services within Lephalale (Lephalale Local Municipality, 
2016). It is possible that due to a larger population in Lephalale than Ward 2, there is a lack of service 
provision due to high pressures on services. 

2.4.10 Health 
The provision of comprehensive, accessible and affordable quality health care services is essential for the 
improvement of the life expectancy within any community. There are three hospitals located within the 
Lephalale local region, namely, Ellisras and Witpoort (public), Onverwacht Mediclinic (private hospital). In 
total, there are seven clinics within Lephalale, the Seleka, Shongoane and Abbotspoort clinic patients are 
referred to the Witpoort public hospital. Patients from the Marapong, Steenbokpan and Lephalale town clinics 
are referred to the Ellisras public hospital. Further, mobile primary health care services are provided to 
settlements which are more than 10 km away from any health facility within the municipality. 

The Marapong clinic required an upgrade to increased pressures on adequate service delivery from the 
significant population increase in 2011(www.wazimap.co.za, 2016). Accessibility of health facilities in the rural 
areas is well distributed and within a reasonable distance from residential areas. 

2.4.11 Safety and Security 
There are five police stations around the Lephalale Municipality, a mobile station in Marapong and two border 
policing points at Stockpoort and Groblersbrug. Crime trends within Lephalale were on a general increase in 
2011. Joint efforts relate to the combined operations that the police, private security and traffic departments 
often conduct to combat crime (Lephalale Local Municipality, 2016). Crime is often linked to high rates of 
unemployment and poverty. 

2.4.12 Infrastructure 
The road network is the principal means of travel in Lephalale and the greater Waterberg District Municipality. 
Several provincial roads provide inter-provincial and inter-municipal connectivity for the wider district as well 
as serve as linkage roads that provide local connectivity and form key components of the supply chain of the 
local economy. 
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From the total length of municipal roads, various roads are paved which are mainly in Marapong, Onverwacht 
and Lephalale respectively. The unpaved roads vary from dirt tracks to graded gravel surfaces which are 
mainly located in the rural areas of the municipality. Stormwater drainage facilities are also rural in character, 
the majority of municipal roads in rural villages carry stormwater drainage at surface level in open lateral 
channels, in and across the roadways and occasionally in culverts under the road. Residential streets in 
Marapong and Thabo-Mbeki do not have stormwater drainage infrastructure (Lephalale Local Municipality, 
2016). The geographical location of the villages and work opportunities in Lephalale is one of the determining 
factors in understanding transport demand problems. There are 38 rural villages in Lephalale, many of these 
villages are located approximately 40 km or more from the Central Business District (CBD) of Lephalale. The 
CBD and town are located close to the coal mines and power stations, whereas the villages are developed 
historically along the Lephalale River. Approximately 65% of the Lephalale population live on farms or rural 
villages. 

3.0 CONCLUSION 
The social baseline has provided a national, provincial and municipal outline of the socio-economic 
environment in which the project area lies. 
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DOCUMENT LIMITATIONS 
This document has been provided by Golder Associates Africa Pty Ltd (“Golder”) subject to the following 
limitations: 

i) This document has been prepared for the particular purpose outlined in Golder’s proposal and no 
responsibility is accepted for the use of this document, in whole or in part, in other contexts or for any 
other purpose. 

ii) The scope and the period of Golder’s services are as described in Golder’s proposal, and are subject to 
restrictions and limitations. Golder did not perform a complete assessment of all possible conditions or 
circumstances that may exist at the site referenced in the document. If a service is not expressly 
indicated, do not assume it has been provided. If a matter is not addressed, do not assume that any 
determination has been made by Golder in regards to it. 

iii) Conditions may exist which were undetectable given the limited nature of the enquiry Golder was 
retained to undertake concerning the site. Variations in conditions may occur between investigatory 
locations, and there may be special conditions pertaining to the site which have not been revealed by the 
investigation and which have not therefore been considered in the document. Accordingly, additional 
studies and actions may be required. 

iv) In addition, it is recognised that the passage of time affects the information and assessment provided in 
this document. Golder’s opinions are based upon information that existed at the time of the production of 
the document. It is understood that the services provided allowed Golder to form no more than an 
opinion of the actual conditions of the site at the time the site was visited and cannot be used to assess 
the effect of any subsequent changes in the quality of the site, or its surroundings, or any laws or 
regulations. 

v) Any assessments made in this document are based on the conditions indicated by published sources 
and the investigation described. No warranty is included, either express or implied, that the actual 
conditions will conform exactly to the assessments contained in this document. 

vi) Where data supplied by the Client or other external sources, including previous site investigation data, 
have been used, it has been assumed that the information is correct unless otherwise stated. Golder 
accepts no responsibility for incomplete or inaccurate data supplied by others. 

vii) The Client acknowledges that Golder may have retained sub-consultants affiliated with Golder to provide 
services for the benefit of Golder. Golder will be fully responsible to the Client for the services and work 
done by all of its sub-consultants and subcontractors. The Client agrees that it will only assert claims 
against and seek to recover losses, damages or other liabilities from Golder and not Golder’s affiliated 
companies. To the maximum extent allowed by law, the Client acknowledges and agrees it will not have 
any legal recourse, and waives any expense, loss, claim, demand, or cause of action, against Golder’s 
affiliated companies, and their employees, officers and directors. 

viii) This document is provided for sole use by the Client and is confidential to it and its professional advisers. 
No responsibility whatsoever for the contents of this document will be accepted to any person other than 
the Client. Any use which a third party makes of this document, or any reliance on or decisions to be 
made based on it, is the responsibility of such third parties. Golder accepts no responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions based on this 
document. 
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CCOOPPYYRRIIGGHHTT  

All intellectual property rights and copyright associated with GroundTruth’s services are 
reserved and project deliverables1 may not be modified or incorporated into subsequent 
reports, in any form or by any means, without the written consent of the author/s.  Similarly, 
this report should be appropriately referenced if the results, recommendations or conclusions 
stated in this report are used in subsequent documentation.  Should this report form a 
component of an overarching study, it is GroundTruth’s preference that this report be 
included in its entirety as a separate section or annexure/appendix to the main report. 
 

IINNDDEEMMNNIITTYY  

The project deliverables, including the reported results, comments, recommendations and 
conclusions, are based on the author’s professional knowledge as well as available 
information.  The study is based on assessment techniques and investigations that are limited 
by time and budgetary constraints applicable to the type and level of survey undertaken.  
GroundTruth therefore reserves the right to modify aspects of the project deliverables if and 
when new/additional information may become available from research or further work in the 
applicable field of practice, or pertaining to this study.  
 
GroundTruth exercises reasonable skill, care and diligence in the provision of services, 
however, GroundTruth accepts no liability or consequential liability for the use of the supplied 
project deliverables (in part or in whole) and any information or material contained therein.  
The client, including their agents, by receiving these deliverables indemnifies GroundTruth 
(including its members, employees and sub-consultants) against any actions, claims, 
demands, losses, liabilities, costs, damages and expenses arising directly or indirectly from or 
in connection with services rendered, directly or indirectly by GroundTruth. 
 

VVAALLIIDDIITTYY  PPEERRIIOODD  

It should be noted that the findings of these freshwater ecosystem studies are considered to 
be valid for a period of five (5) years unless new/additional information warrants a change in 
project findings.  This is based on the likelihood of changes within the systems (e.g. changes 
in vegetation composition or altered flow patterns) and the associated catchment areas (e.g. 
increased runoff or establishment of streamflow reduction activities.  
 
 
  

 
1 Project deliverables (including electronic copies) comprise inter alia: reports, maps, assessment and monitoring 
data, ESRI ArcView shapefiles, and photographs. 
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11..    IINNTTRROODDUUCCTTIIOONN  

The Grootegeluk opencast coal mine is located approximately 20km to the west of the town of 
Lephalale within the Limpopo Province of South Africa.  Portions of land located to the west of 
the mine have been identified to have suitable coal reserves and thus Exxaro intends on 
expanding its mining activities into these identified areas.  This area forms part of the existing 
mining right.  For the purpose of this report the study area focussed on the portion of the 
Turfvlakte 463 LQ area that is located within the Manketti Reserve, i.e. it excluded the area 
associated with the Renoster Dump, Dump 6 and the Tyre Dump.  The area is utilised for game 
farming purposes and covers an area of approximately 900ha.  Even though the study area 
currently has no mining related infrastructure within its boundaries, the coal conveyor transects 
the middle of the study area, which also restricts the movement of game in the study area (Figure 
1-1).  Although Turfvlakte is part of the current mining rights areas, the mining of coal in the study 
area is a new proposed activity and as such Exxaro Coal Grootegeluk is currently in the process 
of amending the Environmental Authorisations.  
 
Local, regional and national regulatory bodies, such as the Department of Water and Sanitation 
(DWS) and the Limpopo Department of Economic Development, Environment and Tourism 
(LEDET), have adopted legislation, policies and guidelines that regulate the use of freshwater 
ecosystems to protect and maintain these systems’ benefits and services to society and the 
natural environment.  In order to be regulated, these systems must first be identified and 
delineated.     
 
The objective of the delineation procedure is to identify the boundary between the wetland 
systems and adjacent terrestrial areas.  The process of wetland system delineation identifies the 
extent of these ecosystems based on the following legal definition2: 

• “Wetland means land which is transitional between terrestrial and aquatic systems 
where the water table is usually at or near the surface, or the land is periodically 
covered with shallow water, and which land in normal circumstances supports or 
would support vegetation typically adapted to life in saturated soil.” 3 

 

 
2 As per the National Water Act (Act No. 36 of 1998) 
3 It should be noted that the wetlands identified within the study area are considered to be non-perennial pans that 
only contain water during the rainy season.  Furthermore, these systems are not sustained by subsurface water 
inputs and as such are considered to be transient in nature, which is further supported by the low rainfall and high 
evaporative rates for this area.  The formation of these systems coincides with depressions in the landscape that are 
underlain by suitable substrate, e.g. clay layer.  The combination of these factors has resulted in the formation of 
these non-perennial systems within the landscape and are considered to be the only wetlands identified within the 
study area.   
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Figure 1-1 Overview of the study area within the specified cadastral boundary 
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1.1 Background 

The Grootegeluk coal mine operation is an opencast mining operation and is located within the 
Waterberg coalfield of the Limpopo province and is currently the largest of Exxaro’s coal mines.  
The coal reserves within the study area are considered to be relatively shallow, and as such 
opencast mining is considered the most desirable option to access these coal reserves.  The coal 
reserves are considered to include A-grade export-quality coal and power station coal, with both 
of Eskom’s Medupi and Matimba power stations being beneficiaries of the coal.   
 
Opencast coal mining is an operation which results in the excavation of a large pit, the associated 
infrastructure and the overburden dumps.  Associated with these activities includes a suite of 
potential risks and impacts on water resources and include not only the direct loss of freshwater 
ecosystems due to the mining activities, but also the contamination of these freshwater 
resources.   
 
Currently it is proposed that the majority of the study area be mined over a thirty (30) year 
period.  The proposed mining footprint extends over the entire eastern portion of the study area, 
and over approximately two-thirds of the western portion of the study area (Figure 1-2).  
Therefore, any planned infrastructure within the remaining portion to the west of the conveyor 
will require careful planning to fall outside of a 200m buffer of any identified pans and/or that 
linear features will be aligned with existing linear features, e.g. roads; with the intent of not 
destroying any wetlands.   
 

1.2 Terms of reference 

The study area is located along the southern boundary of the current Grootegeluk mine and falls 
under the management of the Manketti Game Reserve, which is an Exxaro owned entity and 
operates under Ferroland. Prior to any proposed mining activities taking place within the study 
area, it is considered essential to ascertain the extent of any freshwater ecosystems within the 
study area.  The identification of these systems allows for appropriate planning to be undertaken 
in order to mitigate the impacts associated with the proposed activities.  The terms of reference 
for this study included the following:  

• Dry and wet season sampling site visits to verify and delineate the outer edge of the 
temporary zone4 of the identified wetland systems;  

• Invertebrate sampling and specimen collection for comparison between the 
seasonal site visits;  

• Water quality, turbidity and Yellow Springs International (YSI) sampling for selected 
sites;  

• Mapping of wetland areas at an appropriate scale; 

• Functional assessment of the wetland habitat within the study area; 

• Description of the current state/integrity of the wetland systems within the study 
area; 

 
4 The temporary zone of wetness refers to “the outer zone of a wetland characterised by saturation within 50cm of 
the soil surface for less than three months of the year (DWAF 2005, p.27)  
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• Description of the loss of wetland habitat associated with the proposed expansion of 
the mine and a description of the offset targets as per the SANBI Offset Guidelines 
(Macfarlane et al. 2014); 

• Identification of other sensitivities and important issues not identified within the 
assessment process, if applicable. 
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Figure 1-2 Overview of the proposed mining activities within the study area 
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22..  KKNNOOWWLLEEDDGGEE  GGAAPPSS  

The following sections highlight the main assumptions and limitations associated with the study. 
 

2.1 Assumptions 

Studies that focus on the potential impacts of an activity rely on various assumptions, with the 
following assumptions being made by the multidisciplinary team (wetland specialists and aquatic 
ecologist) during the assessment of these particular wetland systems: 

• The reference/benchmark vegetation of the wetlands was considered to be 
predominantly barren soils, with only limited wetland vegetation within the larger 
seasonal pans/depressions.   

• Due to the size of the study area, HECRAS modelling was undertaken for the site to 
assist with the identification of wetland habitat/low points within the landscape.  

• Based on the proposed mining layout, as supplied by Exxaro in August 2019, the 
following wetlands located within the eastern portion of the study area will not be 
directly affected by the proposed mining activities and its associated infrastructure, 
i.e. they will not be lost in their entirety; namely wetlands 16, 17 and 19.  The 
wetlands located within the western portion of the study area that will not be 
directly affected by the proposed mining activities include wetlands 6, 7, 8 and 9.  
Should the proposed mining layout encroach into either of these groups of wetlands, 
it is anticipated that a residual loss will be incurred, and as such the assessment of 
the wetlands will have to be revised.   

• The assessment of the wetlands within the operational-mining landscape assumes 
that the wetlands within the footprint of the mining activities will be lost in their 
entirety and simultaneously, and as such has not accounted for the phased mining 
activities and as such represents a worst-case scenario.    

• The wetlands retained to the west of the coal conveyor will be avoided to the extent 
that a 200m buffer will be maintained around the identified systems and/or linear 
features will be aligned with existing linear features e.g. roads. Should infrastructure 
development be planned, it will be relocated accordingly to ensure that these 
systems are not negatively affected by the proposed mining infrastructure.  

• No food was provided to invertebrates during the inundation experiment, as it was 
assumed there was sufficient food in the form of algal propagules in the sediment 
itself. During the incubation trials algal growth was also observed to be abundant. 
An additional trial with feeding may have yielded a greater abundance of taxa. 

• It is assumed that as part of the offset mitigation activities, wetland creation may be 
considered.  Should this approach be adopted, wetland soils will be ‘harvested’ from 
the largest wetland areas that are to be lost in the landscape.   
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2.2 Limitations 

Limitations and uncertainties often exist within the approaches and techniques used to assess 
the condition of natural systems, with the following limitations applying to the studies 
undertaken for this report: 

• Two site visits were undertaken, coinciding with the dry and the wet season.  The 
soils during the dry season were largely impregnable using a hand auger, limiting 
reviews of the soil profile, and as such other wetland characteristics/indicators, e.g. 
topography, were considered during the site visit.  

• Some wetlands may have been overlooked and thus have not been included in the 
assessment.  This would be due to the fact that these systems may have been too 
small to be visible from the aerial imagery and/or beneath dense tree canopy cover 
and/or not identified during the HECRAS modelling.   

• Due to time constraints, soil descriptions are based on moist conditions, rather than 
the dry conditions stipulated in the DWS guidelines (DWAF 2005).  Generally, the 
recorded Munsell colour values would increase as the soil dried and this is taken into 
consideration during the infield studies.  

• During the wet season site visit, the identified wetlands were delineated based on 
the approach outlined in the DWS guidelines (DWAF 2005).  The infield delineation 
approach included recording an appropriate number of boundary points (i.e. the 
edge of the temporary wetness zone) and the extent of the high-water mark.  
Desktop mapping then consolidated the extent of the wetland systems using the 
recorded information and detailed contours of the area.  

• The vegetation species collected during the wet season site visit were in some 
instances unidentifiable due to being at the end of the flowering season.  

• The wetlands were grouped according to their respective wetland complexes i.e. 
wetlands sharing the same characteristics were clustered together to form a wetland 
complex/group.  This approach allowed efficient assessment of the numerous 
wetlands within the study area.   

• For the purpose of this report, the operational-mining scenario assumes that all of 
the wetlands located in study area, other than pans 6, 7, 8, 9, 16, 17 and 19; will be 
lost in their entirety as part of the mining activities.   

• The assessment of the wetland systems was based on the beta-version of the latest 
wetland integrity assessment technique, which is currently unpublished (Macfarlane 
et al. 2018).  This latest assessment technique will replace the current WET-Health 
assessment technique (Macfarlane et al. 2007) in the near future.  As such, this 
assessment technique was considered to be the most appropriate at the time of the 
compilation of the report, however, in some instances it may have shortfalls.  These 
techniques, however, have been compiled based on international best practice to 
apply to South African conditions.  These assessment techniques should therefore, 
be seen as the most appropriate tools for wetland assessments at this time. 

• The assessments of the identified wetland habitat are based on two site visits, i.e. a 
'snap-shot' in time, due to budgetary and time constraints.  As such, changes in the 
recorded features and/or characteristics within the wetlands and their catchments, 
which may be subject to the influences of seasonality and/or land use changes, may 
not be accounted for in the assessments, particularly as the greater area has been 
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subjected to an extensive drought.  It is anticipated that the wetlands and 
surrounding landscape have not had sufficient time to recover from the drought.    

• The assessment of the wetland systems’ ecological integrity includes catchment 
conditions and it should be noted that changes in the wetlands’ catchments may 
have an adverse effect on the systems’ integrity.   

• WET-EcoServices assists in identifying the importance and sensitivity of specific 
wetlands but is recognised as having limitations in terms of quantifying specific 
impacts linked to development or changes within the landscape; and accounting for 
the size of the wetland and ecosystem services strongly associated with the size of 
the systems. 

• The nature of the study did not allow for the identification of any species of potential 
concern, and therefore, this component of the wetland offset calculations was 
excluded.  Should biodiversity studies identify faunal or floral species of conservation 
significance that are dependent on the identified wetland habitat, offset calculations 
would need to be amended to account for the mitigation of impacts on the identified 
species. 

• It is assumed that the proposed candidate wetlands for the offsetting will not be 
subjected to any mining activities within their catchments.  Should mining take place 
within these systems catchments, it is anticipated that the contribution of the offset 
targets would be greatly reduced.  Furthermore, should underground mining take 
place, it is essential that the systems are monitored to ensure the systems are not 
negatively impacted.  

• As the integrity of the identified candidate wetlands is considered to be less than the 
wetlands that will be lost within the study area, the candidate wetlands are unable 
to contribute towards the functionality offset target.  However, should a security of 
tenure of between thirty (30) and sixty (60) years in conjunction with creating 
wetland habitat within the greater study, be adopted, it is anticipated that the 
authorities may approve of the proposed offset mitigation measures.  

• The invertebrate sampling could have been undertaken in more detail but it is 
anticipated that the derived information would not have necessarily changed the 
findings other than assist in an improved understanding of the systems.   

 
The project deliverables, including the reported results, comments, recommendations and 
conclusions, are based on the authors’ professional knowledge as well as available information.  
This study is based on assessment techniques and investigations that are limited by time and 
budgetary constraints applicable to the type and level of survey undertaken.  This study is, 
however, considered to be the most accurate and up to date assessment of the wetland habitat 
associated with the study area, and should be used to inform the decision-making processes of 
the relevant authorities. 
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33..  EEXXPPEERRTTIISSEE  OOFF  TTHHEE  SSPPEECCIIAALLIISSTTSS  

Due to the nature of the study, the project team consisted of multiple team members to ensure 
that the project objectives could be met.  All team members have comprehensive experience in 
projects involving mapping, delineation, invertebrate analysis and assessment of wetland 
systems (Table 3-1).   
 

Table 3-1 Team members, roles, and experience levels  

Practitioner Roles in the Study Experience Levels Qualifications 

Craig Cowden • Project management; 

• Conducting the dry and 
wet season sampling; and 

• Review of the project 
report. 

18 years of experience, with input into 
various wetland studies, including: 

• Delineation;  

• Assessments;  

• Rehabilitation planning;  

• Monitoring and 
evaluation of wetland 
rehabilitation projects; 
and 

• Mitigation & offset 
requirements. 

MSc 
(Environmental 
Science) 
Pr.Sci.Nat – 
Ecology 

Fiona Eggers • Conducting the dry and 
wet season sampling;  

• Desktop processing; 

• GIS mapping;  

• Conducting the wetland 
assessments; and 

• Compilation of project 
report. 

8 years of experience, with input into 
various wetland studies: 

• Delineation,  

• Assessments,  

• Rehabilitation planning; 

• Monitoring and 
evaluation of wetland 
rehabilitation projects; 

• Mitigation & offset 
studies; and 

• Wetland creation. 

MSc (Botany) 
Pr.Sci.Nat – 
Ecology 

Dr Vere Ross-
Gillespie 

• Conducting the dry season 
sampling; 

• Invertebrate results 
analysis; and 

• Compilation of project 
report. 

5 years of experience, with input into 
various freshwater ecosystem studies, 
including:  

• Biomonitoring;  

• Rehabilitation studies; 

• Reserve 
determinations; 

• Assessments; and 

• Monitoring and 
evaluation of aquatic 
ecosystems and water 
quality. 

PhD (Zoology -
Freshwater) 
Pr.Sci.Nat - 
Ecology 

Lindelani 
Hlongwane 

• Invertebrate 
identification/classification 

4 years of experience as Technician 
with infield delineation of freshwater 
ecosystems and SASS surveys. 

SASS 5 
Accreditation 
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44..  SSTTUUDDYY  AARREEAA  

The following section provides an overview of the study site, focusing on the regional context, 
climate, wetland types and aquatic invertebrates.   
 

4.1 Regional context 

South Africa is a semi-arid country, and thus wetlands are important features within the 
landscape as they provide ecosystem services directly related to water quantity and quality.  
Approximately 300’000ha of wetlands or 2.4% of South Africa’s surface area remain.  It is 
estimated that there has been a loss of between 35% and 60% of wetlands across the major 
catchments in South Africa and of the remaining systems, 48% are classified as critically 
endangered making these systems the most threatened ecosystems (Nel and Driver 2012; 
Macfarlane et al. 2012).   
 
Taking into consideration the above-mentioned degradation of wetland ecosystems, it is 
important that a “no-nett-loss” of wetland functioning and habitat is maintained within the 
broader landscape, which may include the formal protection of wetland systems and/or the 
creation of wetlands within the landscape not being directly influenced by the proposed mining 
activities.   
 

4.2 Climate 

The study site falls within the A42J quaternary catchment, as defined by Midgley et al. (1994).  
This quaternary catchment forms part of the Matlabas/Mokolo River catchment (Nel et al. 2011).  
The Mean Annual Precipitation (MAP) is 428.6mm and Potential Evapotranspiration (PET) is 
2’444mm (Schulze 2007).   This suggests that the wetlands/pans within the catchments would 
have High sensitivity (Macfarlane et al. 2007) to hydrological impacts within the catchment. 
 

4.3 Vegetation types 

Under natural conditions the surrounding landscape and study site would have been 
characterised by particular vegetation types.  The historical dominant vegetation type present 
would have been the Limpopo Sweet Bushveld (SVcb 19) (Mucina and Rutherford 2006), which 
falls under the Central Bushveld Group 4 (SVcb) bioregion (Nel et al. 2011; Mucina and Rutherford 
2006).  The vegetation type has been classified as ‘least threatened’, with 0.6% receiving formal 
protection.  Of the remaining 94.9% only a small percentage is statutorily protected in reserves 
including D’Nyala Nature Reserve and very little conserved in other reserves.   
 
This vegetation extends from the lower reaches of the Crocodile and Marico Rivers, down to the 
Limpopo River Valley, towards the Usutu border post and Taaiboschgroet area.  This vegetation 
type also occurs on the Botswanan side of the border.  The vegetation commonly occurs between 
700-1’000m above sea level.  The greatest threats to this vegetation type can be attributed to 
cultivation (Mucina and Rutherford 2006).  It should be noted, that detailed descriptions of the 
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vegetation units and their relationships are described in more detail in the report compiled by 
Natural Scientific Services in 2011.  
 

4.4 Wetland classification 

To allow for the differentiation between wetland systems and the prioritisation of systems either 
for conservation or management purposes, the wetlands were classified in accordance with the 
South African National Biodiversity Institute’s (SANBI) wetland classification system (2009) (Table 
4-1) (Ollis et al. 2013).  However, for the purpose of assessing the Hydrogeomorphic (HGM) units, 
Kotze et al. (2007) was used to classify the wetland systems as HGM units rather than Level 4 of 
the SANBI system.  The HGM unit types defined by Kotze et al. (2007) differ from SANBI (2009), 
with the river classification being excluded and flat wetlands being grouped with the depression 
wetlands.  The HGM units identified within the study area have been classified as pans (Table 
4-1). 
 

Table 4-1 A description of the onsite wetlands based on the SANBI (2009) classification and Kotze et al. 2007. 

System 
(Level 1) 

Bioregion 
(Level 2) 

Landscape 
Unit 
(Level 3) 

HGM Unit 
(Level 4) 

Description of HGM Units 
(Kotze et al., 2007) 

Inland 
systems 

Central 
Bushveld 
Group 4 
(SVcb) 
Bioregion 

Flat 
landscape 
unit 

Depressions (including Pans) 

Pans A basin shaped area with a closed 
elevation contour that allows for 
the accumulation of surface water 
(i.e. it is inward draining).  It may 
also receive sub-surface water.  An 
outlet is usually absent, and 
therefore this type is usually 
isolated from the stream channel 
network.  

 

4.5 Threat status of the wetlands 

Globally, temporary water bodies are among some of the most threatened habitats, leading to 
their often unique and diverse fauna (e.g. branchiopods, arthropods, plants and other biota) 
being at risk (De Roeck et al 2007). Southern Africa is considered one of the world diversity 
hotspots for large branchiopod crustaceans. The Mediterranean type climate in the western cape 
and the drier climate in the northern parts of the country support temporary aquatic systems 
which dry out completely in summer and which often provide the only available sources of water 
in the regions. De Roeck et al (2007) states that these systems which are highly threatened and 
neglected in South Africa (Davies and Day 1998) have also likely been reduced/degraded at an 
alarming rate over recent decades, owing to anthropogenic impacts.  These habitats vary 
markedly in their physical and chemical conditions (e.g. complete drying in summer, highly 
variable hydrological and thermal regimes) when compared to adjacent permanent water bodies, 
leading to the presence of specially adapted fauna and flora which can utilize available resources. 
The fauna are also free from fish predation in such habitats, as fish require permanent water 
bodies for survival and reproduction. Such habitats are therefore distinct from permanent ponds, 
support a diversity of fauna and flora not found elsewhere (including vascular plants, 
microorganisms, macroinvertebrates – some of which are endemic, rare or endangered), 



Exxaro Grootegeluk Coal Mine - Turfvlakte 
Wetland Delineation & Assessment 2019 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   12 

 

contribute significantly to overall regional diversity whilst being sensitive to anthropogenic 
impacts and climate change (Williams 1997). Furthermore, these habitats can play an important 
role in the landscape ecology, by providing migration corridors and isolated habitats for 
colonization/dispersal thereby contributing to metapopulation and metacommunity processes 
(De Meester et al. 2005, Zedler and Kercher 2005, Zacharias et al. 2007) in the broader region. 
Migratory birds utilize such habitats for feeding along with other wildlife which use the habitats 
for foraging, breeding and wallowing (Waterkeyn 2009).  
 
Despite these systems being recognised as important, as previously discussed, the vast extent 
and number of systems within the broader landscape and bioregion needs to be considered.  The 
wetland types fall within the Central Bushveld Group 4 (SVcb) bioregion, as described in Section 
4.3.  Based on the wetlands and vegetation types, and the level of protection these systems 
receive, the ecosystem threat status can be assessed (Nel et al. 2011).  For the identified wetland 
vegetation group, the ecosystem threat status is considered to be ‘Least Threatened’, which 
appears to be linked to the vast extent the vegetation type/bioregion extends over.  However, 
the ecosystem threat status for the wetland vegetation group is considered to be ‘Vulnerable’5, 
which may be attributed to the limited level of protection the vegetation type receives (Nel et al. 
2011).  
 
The resource quality objectives report (Government Gazette No. 42775) has been compiled by 
DWS (2019) to guide the management and use of freshwater ecosystems within the Mokolo, 
Mtalabas, Crocodile (west) and Marico catchments, and as such has been reviewed in terms of 
the study site as it is located within the Mokolo catchment.  It should be noted though, that this 
document is currently still in draft format and is in the process of being finalised.  Nonetheless, 
the Mokolo catchment has been classified as a Class II catchment, which indicates that a 
moderate level of protection and utilisation of the area must be considered.  The Sandloop River, 
located to the south of the study site, however, which is not hydrologically linked to the site, has 
been classified as a C category system, and as such should be maintained in this category.  With 
regards to the resource quality objectives for priority wetland clusters and systems, the 
Government Gazette does not refer to depression/pans systems but rather valley-bottom 
wetlands and hillslope seepage systems (DWS 2019).  Even though, no particular reference has 
been made to pans, it is considered to be best practice, that there is “no-nett-loss” of wetland 
habitat (integrity and functioning) within the landscape, which may be addressed through 
appropriate mitigation activities (refer to Section 7).    
 

4.6 National Freshwater Ecosystem Priority Areas 

The National Freshwater Ecosystem Priority Areas (NFEPA) is a tool developed to assist in the 
conservation and sustainable use of South Africa’s freshwater ecosystems, including rivers, 
wetlands and estuaries.  Nel et al. (2011) classified the freshwater ecosystems according to their 
Present Ecological State ‘AB’, ‘C’, and ‘DEF’ or ‘Z’ (Table 4-2).   
 
  

 
5 It should be noted that formal protection of these systems is likely to be viewed favourably by the relevant 
authorities.  
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Table 4-2 Description of NFEPA wetland condition categories  
(Nel et al. 2011) 

PES equivalent NFEPA 
condition 

Description % of total 
national wetland 
area* 

Natural or Good AB Percentage natural land cover ≥ 75% 47 
Moderately 
modified 

C Percentage natural land cover 25-75% 18 

Heavily to critically 
modified 

DEF Riverine wetland associated with a D, E, F or Z 
ecological category river 

2 

Z1 Wetland overlaps with a 1:50 000 ‘artificial’ inland 
water body from the Department of Land Affairs: 
Chief Directorate of Surveys and Mapping (2005-
2007) 

7 

Z2 Majority of the wetland unit is classified as 
‘artificial’ in the wetland locality GIS layer 

4 

Z3 Percentage natural land cover ≤ 25% 20 
*this percentage excludes unmapped wetlands, including those that have been irreversibly lost 

 
According to the available NFEPA wetlands and rivers coverage, there are no Freshwater 
Ecosystem Priority Areas (FEPA) within the study area (Figure 4-1).  Only the Sandloop River, 
located to the south of the study area, is considered to be a FEPA system, however, none of the 
wetlands identified within the study area drain towards the south.  
 

 

Figure 4-1 Overview of NFEPA systems (Nel et al. 2011) within the greater study area 
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4.7 Aquatic invertebrates 

Southern Africa (bounded by the Cunene in the west and the Zambezi in the east) is 
predominantly a semi-arid region, with many water bodies (wetlands, vleis, pans and also rivers) 
being temporary in nature (i.e. they dry out completely out in the dry season and become 
inundated either once or repeatedly for short periods over the wet season) (Day et al. 1999, 
Brendonck et al. 2008, Rogers 2009; Tuytens et al 2015).  Rain fed clay pans, rock pools as well 
natural depressional wetlands, roadside ditches and farm dams, as opposed to groundwater fed 
wetlands and vleis, provide ideal temporary aquatic habitats for large branchiopod crustaceans 
(e.g. fairy shrimp (Anostraca), clam shrimp (Conchostraca), tadpole shrimp (Notostraca)), 
macroinvertebrates (e.g. dispersing odonata, hemiptera, coleoptera and diptera) and other 
microinvertebrate fauna such as water fleas (Cladocera) and zooplankton (Copepoda) 
(Brendonck et al 2008, Rogers et al 2009, Tuytens et al 2015, Mabidi et al 2016). The large 
branchiopods in particular are spectacular examples of temporary wetland specialists being 
largely absent from permanent aquatic habitats owing to their sensitivity to fish predation 
(Kerfoot and Lynch 1987 as cited in Tuytens et al 2015). As such, large branchiopods can be used 
for the identification (Day et al 2010) and assessment of the quality and function of temporary 
wetlands (De Roeck et al. 2007).  
 
While they are found in temporary aquatic habitats worldwide, most families, excepting some of 
the anostraca, are not restricted to specific latitudinal or zoogeographical zones but are however, 
most abundant in Mediterranean, arid and semi-arid regions with a distinct wet and dry season 
(Brendonck and Williams 2000, Brendonck et al 2008). Large branchiopods have unique life 
histories well adapted for life in disturbance driven habitats such as temporary wetlands, which 
experience intermittent or seasonal drying and inundation with extreme variation of 
physicochemical conditions.  Some of the remarkable life history traits observed in large 
branchiopods include: rapid maturation growth and reproduction, drought resistant dormant egg 
banks (which remain viable for years in the sediments following drying), bet-hedging strategy 
whereby only a fraction of eggs in the egg bank hatch with the first inundation, dispersal by wind, 
water and large herbivores (Mabidi et al 2016, Brendonck et al 2017) (See also Appendix 3 for 
further notes).   
 
Southern Africa is home to sixty-six (66) documented species of large branchiopod (Day et al 
1999, Rogers 2013). However, given that these faunas are the still among the least well known in 
temporary wetland habitats this number is considered a conservative estimate which will likely 
increase, concurrently with distribution records/ranges, as more studies are conducted in the 
relatively unexplored Southern African subcontinent.  
 
Regrettably, owing to the reduction in number and quality of temporary wetlands in South Africa 
and globally as a result of anthropogenic impacts, these obligatory residents are expected to be 
among the most threatened organisms (De Roecke et al 2007, Mabidi et al 2016). Water quality 
impacts in the form of diffuse or point source pollution from spills, poorly treated wastewater, 
chemicals as well as habitat impacts in the form of sedimentation, excavation, and draining and 
or total destruction form the major risks to these organisms (Mabidi et al 2016).  It is for this 
reason that several large branchiopod species have become endangered and subsequently added 
to the Red Data list by the International Union for Conservation of Nature (IUCN).  
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For the reasons documented above, it is imperative that temporary wetlands are correctly 
identified (in both the wet and dry seasons) and their associated flora and fauna adequately 
assessed to prevent complete destruction of habitat and loss of species.  To this end, a study 
funded by the Water Research Commission (WRC) was undertaken in 2010, which focused on the 
assessment of temporary wetlands during dry conditions (Day et al 2010). This document and 
methods described therein formed the basis of the study presented here of the temporary 
wetlands6 in the study area.   
 
 
 

  

 
6 ‘Temporary wetlands’ refers to wetlands where water is not permanently present (Day et al. 2010) 
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55..  MMEETTHHOODDSS  

This section of the report provides an overview of the methodology adopted to delineate and 
assess the identified freshwater ecosystems associated with the study area. 
 

5.1 Dry season sampling  

 Desktop analysis 

At the outset, a desktop analysis was undertaken to identify wetland systems within the study 
area for delineation during the dry season fieldwork.  The desktop review was undertaken in 
Quantum Geographic Information System (QGIS) at a fine scale of less than 1:2’000.  The review 
mainly included the review of the data received by the client including inter alia, LIDAR data, 
aerial imagery and derived contour data.  The objective of the review was to identify patterns in 
the landscape by: 

• Distinguishing between the colour of the soils associated with terrestrial areas and 
possible wetland areas;  

• Reviewing contours for possible indications of closed contours; and 

• Distinguishing between vegetation communities, i.e. terrestrial versus possible 
wetland vegetation.  

 
Based on the detailed review of the imagery, the identified potential wetland areas were 
prioritized according to the likelihood of them being wetlands.  Those systems more likely to be 
wetlands were given a higher priority to visit during the dry season site visit in comparison to 
those that were considered to be more marginal systems.   
 

 Dry season site visit 

A site visit was conducted from the 2nd – 6th October 2017 to verify all of the identified potential 
wetland areas.  Due to the nature of the study site at the time of the site visit being particularly 
dry and the soils desiccated, the systems were unable to be delineated based on the soil criteria 
included in the DWS guideline document (DWAF 2005).  Consequently, the preliminary 
classification of the systems was based on a review of other site characteristics, e.g. topography.  
The locations of the verified areas were recorded using a sub-meter accurate Global Positioning 
System (GPS)7 to document the site observations.   
 

 Collection of soil samples and visual assessment of wetlands in the dry phase 

During the dry season site visit, a total of five (5) soil samples were collected (Figure 5-1), which 
were identified at the desktop level as potential wetland sites. At each location the deepest point 
of the depression was identified and visually investigated for signs of the presence of obligate 
temporary wetland invertebrates.  Such signs commonly included the crusts formed from the 
shells of Conchostraca and Copepoda, which are left behind when they die (Figure 5-2). 
Depressions where crusts were observed were noted. 

 
7 Mobile Mapper 10 handheld unit, a professional sub-meter accurate receiver 
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Figure 5-1 Localities of soil samples that were collected from suspected temporary wetlands at Grootegeluk for 
incubation and invertebrate hatching experiments 

 

 

Figure 5-2 Crusts (A) comprising the shells of Copepoda (B) and Conchostraca (C) – both obligate temporary 
wetland invertebrates - observed on the uppermost sediments of wetlands/pans at Grootegeluk. 
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Following the visual recording of crusts, photographic records and GPS extents, sediment 
samples were collected from the deepest part of the wetlands/pans. With some minor 
exceptions, the field sampling protocols as described in Day et al. (2010) for the assessment of 
temporary wetlands during dry conditions were followed.  
 
At the deepest point in each depression, surface crusts were hand collected and placed in a 
labelled sealable plastic bag. Where softer soils prevailed, dry soil samples were collected using 
a standard bucket auger (head diameter of 90mm) from approximately five points randomly 
spaced within a 20m radius from the estimated deepest part of the wetland/pan (Figure 5-3). 
Only the top 5-10cm of soil in each of the five auger samples was collected, homogenised and 
placed together with the surface crusts (if present) into the same sealable plastic bag. Where the 
use of the auger was prohibited, owing to the hardness of the soil layers, a standard garden pick-
axe was used to loosen clumps within the top 10-15cm for collection. In all cases soil 
characteristics including mottling, and chroma were observed.  
 

 

Figure 5-3 Collection of surface crusts and soils from the deepest parts of a temporary wetland at Grootegeluk 
during the dry season. Hard soils in places necessitated the need for a pick-axe to be used to collect soils instead 

of an auger. 

 
Sealable plastic bags were sealed and transported to the laboratory where they were left open 
for 2 weeks prior to the start of the incubation experiments period.  This was done in order to 
ensure that sediment would be dry at the commencement of the experiments. 
 

 Invertebrate incubation  

Soil samples collected in the field at each individual site were homogenised (but not pooled) and 
lightly crushed to break up large clumps.  Thereafter, sub-samples of approximately 50g were 
placed in small plastic containers (140 x 200 x 60 mm) where a single replicate was prepared for 
each site. Tubs were filled with distilled water to a height of 45mm which equated to a depth of 
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approximately 25mm. Inundated tubs were incubated at approximately 20-25°C through the use 
of a heater fan connected to a Digital STC-1000 thermostat in a controlled environment room 
equipped with a full spectrum fluorescent light. Lights operated on a permanent basis.   
 
A conservative incubation period amounting to a total of 41 days was applied during which time 
all tubs were inspected daily for signs of hatchlings/nauplii and water levels were topped up 
(maintained at 25mm depth).  
 
Frequent photographs were taken to record changes in water quality and visual characteristics 
(Figure 5-4), while a Yellow Springs International 556 (YSI) handheld probe was used to record 
water quality parameters (pH, electrical conductivity, dissolved oxygen and Oxidation Reduction 
Potential, Total Dissolved Solids). 
 

 

Figure 5-4 Incubation trials setup showing inundated sediment samples in a controlled environment room. 

 

 Identification of invertebrates 

Upon hatching, invertebrates were counted (as nauplii initially – minute 6-limbed larvae 
indistinguishable from each other) and where possible identified – though normally identification 
to Class or Order (Cladocera, Copepoda, Ostracoda, Anostraca, Conchostraca) was only possible 
after 5-10 days when taxonomic characteristics begin to appear.  
 
Naked eye identifications were carried out daily and the number of organisms representing each 
taxonomic group recorded.  Voucher specimens were collected from each tub upon termination 
of the experiment and sent to Albany Museum for further identification.  
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 Water chemistry 

Water quality parameters of inundated soil samples were measured with an YSI instrument in 
the laboratory, once at the beginning of the experiment (one day after inundation) and again at 
the end of the experiment just prior to termination.  These measures were taken to detect any 
parameters of potential concern that may be attributed to soils. Mean values for water quality 
parameters recorded with the YSI, were calculated from three replicate measurements taken in 
each tub. Following inundation.  
 
In addition to water quality, two Hobo TidbiT v2 temperature loggers were used to record the 
following:  

• Ambient air temperature in the controlled environment room; and  

• Water temperature in the inundated tubs every 30 minutes for the duration of the 
experiment. 

 

5.2 Wet season sampling  

 Desktop analysis 

The data collected during the dry season site visit, was reviewed based on the observations made 
during the site visit and the recorded data.  The aerial imagery was reviewed to confirm any 
anomalies, thus refining the ‘points of interest’ layer.   
 

 HECRAS modelling 

Hydrologic Engineering Centre’s River Analysis Systems (HECRAS) modelling was undertaken for 
the study area based on the LIDAR data received from Exxaro.  The modelling included a detailed 
analysis of the topography, including:  

• Catchment size; 

• Dendritic drainage patterns; 

• Flow accumulation areas; and 

• Wetland size and characteristics (depth of inundation). 
 

 Refinement of points of interest 

Following on from the HECRAS modelling, the results of the model in conjunction with the points 
of interest were further interrogated.  This allowed for additional areas to be included/excluded 
based on the model, dry season findings and a better understanding of the landscape following 
on from the dry season site visit.  Key aspects considered during the interrogation of the aerial 
imagery and HECRAS model results, included: 

• A derived dendritic drainage network; 

• Collection points of water/wetland areas; 

• Soil colouration between terrestrial and wetland areas; 

• Contours; and  

• Vegetation signatures (where applicable).  
 
The refined GIS layer was used to inform the wet season site visit.  
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 Wet season site visit 

The wet season site visit was undertaken from the 28th February to the 8th March 2018 to 
delineate and assess the current level of ecological integrity and ecosystem services provided by 
the wetlands within the study area.  The site visit was undertaken shortly after a significant 
summer rainfall event, which was considered to be high in comparison to the previous years.  
 

 Wetland habitat identification and mapping  

The preliminary identification and mapping of all freshwater ecosystems within the study area 
was undertaken at a desktop level (refer to above).  The wetland systems that will be primarily 
impacted upon by the proposed mining activities were delineated infield in accordance with the 
DWS guideline document.  Due to the size of the study area and the nature of the systems, the 
number of sample points collected infield varied per system.  However, the water level observed 
at each system was mapped.  Both the sample points and water levels were recorded using a 
mapping grade Global Positioning System (GPS)8.  The subsequent information was used to 
inform the production of a Geographic Information System (GIS) spatial coverage of the 
boundaries of the wetland systems.  In accordance with the preferences of DWS, the study also 
attempted to identify and/or describe the zones of wetness within the systems (Figure 5-5).   
 

 

Figure 5-5 Wetness zones within wetland ecosystems 
(DWAF 2005, p.6) 

 
In accordance with best practice, representative sample plots were included (Figure 5-6 and 
Appendix 1) to record indicators that were used to distinguish between dryland and wetland 
conditions, such as:  

• Vegetation Indicators; 

• Soil Wetness Indicators (including descriptions of matrix and mottle colours based on 
a Munsell Soil Colour Chart (Year 2000 Edition); and  

• Hydrological Indicators. 

 
8 Mobile Mapper 50 handheld unit, a professional sub-meter accurate receiver 
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Figure 5-6 Overview of the location of the soil sample plots 

 

 Wet Season Invertebrate sampling 

Aquatic invertebrates were collected from four (4) sites (Figure 5-1) during the wet season 
sampling event, with Sample Site 4 excluded from the wet season sampling, as there was no open 
water from which to sample during the site visit and as such no invertebrate species.  Semi-
qualitative sampling was undertaken using a standard SASS square frame net (250µm – catch 
surface 900cm2).  The water column, surrounding vegetation and the substrate were sampled 
using a combination of kick sampling and sweeping as well as visual observations for a period of 
5-10 minutes, depending on the size of the sampled system.  Collected invertebrates were 
preserved in 90% ethanol and identified in the laboratory to family level after which they were 
sent to Albany Museum for further identification.  
 

 Water chemistry 

During the wet season sampling, four (4) wetlands as identified in Figure 5-1 were measured in 
situ for a suite of water quality parameters including: potential hydrogen (pH), temperature 
(Temp), electrical conductivity (EC), dissolved oxygen (DO), total suspended solids (TSS), 
oxidation-reduction potential (ORP) using the YSI 556 MPS Handheld probe and turbidity using a 
HANNA Instrument Turbidimeter (HI 98703). These in situ field-based measurements were then 
compared to laboratory measurements taken during the incubation experiments.  
 
While once-off field and lab-based water quality data do not provide information on seasonal 
variation emanating from dilution, evapo-concentration as well as biological processes (e.g. 
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photosynthesis, respiration), such data are, however, useful for comparing wet season conditions 
with those in the laboratory experiments (Day et al. 2010). 
 

5.3 Assessment of wetland functioning and condition 

The assessments of the HGM units were derived by evaluating the level of ecosystem functioning 
and ecological integrity/condition of the identified wetlands for the current and operational-
mining scenarios as outlined in the following sections.  It should be noted that the operational-
mining scenario only accounts for the loss of wetland habitat associated with the mining activities 
over the next 30 years; and does not take any form of wetland mitigation activities into account.  
In addition, it assumes that the loss of wetland habitat within the identified portions of the site 
will happen simultaneously even though the loss of habitat will follow the phasing of the 
proposed mining plan.   
 
Due to the large number of wetlands within the study area, the wetlands were assessed in 
wetland clusters (referred to as Group 1 - 6).  The clustering of the wetlands into groups was 
based on the following criteria: 

• Wetlands type, i.e. natural versus artificial9; 

• Catchment impacts e.g. mining; 

• Location in relation to the coal conveyor i.e. east or west thereof;  

• Size of the wetland: 
o Less than 0.1ha; and 
o Between 0.1 and 0.5ha.  

 
Based on these clusters the wetlands were assessed in terms of functioning and integrity.  
 

 Assessment of wetland functioning 

To quantify the level of functioning of the wetland systems, and to highlight its relative 
importance in providing ecosystem benefits and services at a landscape level, a WET-EcoServices 
(Kotze et al. 2007) assessment was performed for the current and operational-mining scenarios.  
The WET-EcoServices assessment technique (Kotze et al. 2007) focuses on assessing the extent 
to which a benefit is being supplied by the wetland habitat, based on both: 

• The opportunity for the wetland to provide the benefits; and 

• The effectiveness of the particular wetland in providing the benefit. 
 
Ecosystem services, which include direct and indirect benefits to society and the surrounding 
landscape, were assessed by rating various characteristics of the wetland clusters and the 
surrounding catchment, based on the following scale: 

• Low (0); 

• Moderately Low (1); 

• Intermediate (2); 

• Moderately High (3); and  

 
9 It should be noted, that none of the artificial wetlands were able to be assessed due to the fact that the origin of 
these systems is unnatural, i.e. created by humans and a benchmark condition does not exist. 



Exxaro Grootegeluk Coal Mine - Turfvlakte 
Wetland Delineation & Assessment 2019 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   24 

 

• High (4). 
The scores obtained from these ratings for the wetland clusters were then incorporated into 
WET-EcoServices scores for each of the fifteen ecosystem services (Table 5-1). 
 

Table 5-1 Ecosystem services supplied by wetlands  
(Kotze et al. 2007, p14) 
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Flood attenuation The spreading out and slowing down of floodwaters in the 
wetland, thereby reducing the severity of floods 
downstream. 

Stream flow regulation Sustaining stream flow during low flow periods. 
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Sediment trapping The trapping and retention in the wetland of sediment 
carried by runoff waters. 

Phosphate 
assimilation 

Removal by the wetland of phosphates carried by runoff 
waters. 

Nitrate assimilation Removal by the wetland of nitrates carried by runoff 
waters. 

Toxicant 
assimilation 

Removal by the wetland of toxicants (e.g. metals, biocides 
and salts) carried by runoff waters. 

Erosion control Controlling of erosion at the wetland site, principally 
through the protection provided by vegetation. 

Carbon storage The trapping of carbon by the wetland, principally as soil 
organic matter. 
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Biodiversity maintenance 
Through the provision of habitat and maintenance of 
natural process by the wetland, a contribution is made to 
maintaining biodiversity. 
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Provision of water for 
human use 

The provision of water extracted directly from the wetland 
for domestic, agricultural or other purposes. 

Provision of harvestable 
resources 

The provision of natural resources from the wetland, 
including livestock grazing, craft plants, fish, etc. 

Provision of cultivated 
foods 

The provision of areas in the wetland favourable for the 
cultivation of foods. 
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 Cultural heritage Places of special cultural significance in the wetland, e.g. for 
baptism or gathering of culturally significant plants. 

Tourism and recreation Sites of value for tourism and recreation in the wetland, 
often associated with scenic beauty and abundant birdlife. 

Education and research Sites of value in the wetland for education or research. 

 
It should be noted that Wet-EcoServices assists in identifying the importance and sensitivity of 
specific wetlands, but is recognised as having limitations in terms of: 

• Quantifying specific impacts linked to development or changes within the landscape; 
and 

• Accounting for the size of the wetland and ecosystem services strongly associated 
with the size of the systems.  

 
As WET-EcoServices does not provide a consolidated score that can be used as a target, the 
current and operational-mining assessment scores were incorporated into the Wetland 
Importance and Sensitivity assessment datasheets to provide an EIS score based on scores for 
ecological importance and sensitivity, hydro-functional importance, and direct human benefits 
(Rountree and Malan 2010).  Table 5-2 provides an overview of the ratings used to record EIS 
scores.   
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Table 5-2 Ratings for describing the EIS of wetlands  
(Rountree and Malan 2010) 

Rating Explanation 

None, Rating = 0 Rarely sensitive to changes in water quality/hydrological regime 

Low, Rating =1 One or a few elements sensitive to changes in water quality/hydrological regime 

Moderate, Rating =2 Some elements sensitive to changes in water quality/hydrological regime 

High, Rating =3 Many elements sensitive to changes in water quality/ hydrological regime 

Very high, Rating =4 Very many elements sensitive to changes in water quality/ hydrological regime 

 

 Assessment of wetland condition/integrity 

For the purpose of the proposed mining activities, and determining the potential loss in hectare 
equivalents, the wetland complexes identified were assessed using the WET-Health (beta version 
of Macfarlane et al. 2007, namely Macfarlane et al. 2018) assessment technique for the current 
and operational-mining scenarios.  To determine the level of ecological integrity, a Level 2 WET-
Health (Macfarlane et al. 2018) assessment was performed for various wetland clusters across 
the study area.  The WET-Health assessment technique gives an indication of the deviation of the 
system from the wetland’s natural reference condition for the following biophysical drivers: 

• Hydrology - defined as the distribution and movement of water through a wetland 
and its soils; 

• Geomorphology - defined as the distribution and retention patterns of sediment 
within the wetland;  

• Water quality –the quality of the water based on external water inputs; and 

• Vegetation - defined as the vegetation structural and compositional state.  
 
The impacts on the wetlands, determined by features of the wetlands’ and their catchments were 
scored based on the impact scores and then represented as Present State Categories as outlined 
in WET-Health (Table 5-3).  The identified systems were assessed for the current scenario and 
operational-mining scenarios. The assessment of the various scenarios would highlight the 
following: 

• Current scenario: current state of the system based on both the in-system and 
catchment impacts; and 

• Operational-mining scenario (30-year mining activities): assumes that all of the 
wetland systems other than 6, 7, 8, 9, 16, 17, and 19, will be impacted upon/lost as 
a result of the proposed mining activities.   
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Table 5-3 Impact scores and present ecological state categories for describing the integrity of wetlands10 
(MacFarlane et al. 2007, p30) 

Impact 
Category 

Description 

Impact 
Score 
Range 
(0-10) 

Present 
Ecological 
State 
Category 

None Unmodified, natural. 0-0.9 A 

Small 
Largely natural with few modifications. A slight change in ecosystem 
processes is discernible and a small loss of natural habitats and biota 
may have taken place. 

1-1.9 B 

Moderate 
Moderately modified. A moderate change in ecosystem processes and 
loss of natural habitats has taken place but the natural habitat remains 
predominantly intact. 

2-3.9 C 

Large 
Largely modified. A large change in ecosystem processes and loss of 
natural habitat and biota has occurred. 

4-5.9 D 

Serious 
The change in ecosystem processes and loss of natural habitat and 
biota is great but some remaining natural habitat features are still 
recognizable. 

6-7.9 E 

Critical 
Modifications have reached a critical level and the ecosystem 
processes have been modified completely with an almost complete 
loss of natural habitat and biota. 

8-10 F 

 
The scores for hydrology, geomorphology, water quality and vegetation were simplified into a 
composite impact score, using the predetermined ratio of 3:2:2:211 (Macfarlane et al. 2018) 
respectively for the three components.  The composite impact score was used to derive a health 
score that then provided the basis for the calculation of hectare equivalents (also referred to as 
functional area), which can be described as the health of a wetland expressed as an area.  Cowden 
and Kotze (2009) make use of a simple example to explain the concept of hectare equivalents 
conceptually illustrated in Box 5.1. 
  

 
10 It is assumed that there is no change in classes between the 2007 and 2018 integrity assessment techniques.  
11 It should be noted that if the weighting for the hydrological component is an E/F category then the hydrological 
weighting is doubled 
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Box 5.1 Example of the use of hectare equivalents to represent changes in wetland health. 
 
The assessment of wetland health is based on comparisons to a reference state i.e. where the wetland’s health 
is unmodified and the functional area of wetland is equivalent to the full extent of the system.  For example, if 
the health of a 50ha wetland is 100% (Present State Category=A) this equates to 50 hectare equivalents.  In many 
instances the current scenario for a particular system reflects some form of historical degradation.  If the 
abovementioned wetland was seriously degraded, the health would be reduced from the reference state to 25% 
(reflecting a wetland health score of 2.5); a drop in hectare equivalents from 50 to 12.5 (50ha x 0.25) hectare 
equivalents would be recorded.  The following would therefore be expected if the wetland in the above scenario 
was subject to the following two future options:  

a) Further degradation of the wetland linked to development, with the system’s health being further 
reduced to 10% would result in a drop in hectare equivalents to 5 hectare equivalents; and  

b) Rehabilitation of the wetland habitat, with the system’s health being increased to 50% would result 
in a gain in hectare equivalents to 25 hectare equivalents. 

 

 

NOTE: 
The sizes of the circles are directly related to the extent of wetland habitat and functional wetland area in the 
landscape 

 

 Freshwater ecosystem risk assessment 

The risk assessment matrix (DWS 2015) assesses the likely impact the proposed expansion of the 
Grootegeluk mining complex may have on the freshwater ecosystems hydrologically linked to the 
LOM footprint.  A broad outline of the criteria considered are as follows: 

• Nature of the impact; 

• Scale/extent of the impact; 

• Duration of the impact; 

• Intensity/severity of the impact; and 

• Probability/likelihood of the impact occurring.  

Reference/Pristine
(no impacts)

Present State
Category = A

Current 
Scenario

Present State
Category = E

RehabilitationFurther  Impacts

Present State
Category = D

Present State
Category = F

50 50

50 12.5

50 25

50 5
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Identified impacts were evaluated according to the above-mentioned criteria.  The significance 
of impacts was derived through a synthesis of ratings of all criteria in the following calculation: 
 
(Severity + Spatial Extent + Duration) x Probability/Likelihood = Significance  
 
The significance of a potential impact on decision-making was indicated through significance 
scores, which are described in Table 5-4. 
 

Table 5-4 List of descriptors for the significance score of an impact. 
(DWS 2015) 

RATING CLASS MANAGEMENT DESCRIPTION AUTHORISATION 

1 – 55 (L) Low Risk 
Acceptable as is or consider requirement for mitigation. 
Impact to watercourses and resource quality small and 
easily mitigated. Wetlands are excluded. 

GA 

56 – 169 
(M) Moderate 
Risk 

Risk and impact on watercourses are notable and require 
mitigation measures on a higher level, which costs more 
and requires specialist input. Wetlands may be excluded. 

WUL 

170 – 300 (H) High Risk 
Always involves wetlands. Watercourse(s) impacts by the 
activity are such that they impose a long-term threat on a 
large scale and lowering of the Reserve. 

WUL 

 

5.4 SANBI offset calculator 

The SANBI Offset Guidelines (Macfarlane et al. 2014) have been developed in conjunction with 
other policies and guidelines, including the national biodiversity framework and provincial 
biodiversity offset policies and guidelines.  The SANBI guidelines serve to assess possible wetland 
losses due to a proposed development and to determine wetland offset targets, to ensure that 
wetlands receive appropriate protection and that sufficient functional area is retained within the 
broader landscape.  The SANBI offset calculator has built on the principles of the hectare 
equivalents approach and incorporated additional information to inform the calculation of offset 
requirements for three different categories, including Water Resources and Ecosystem Services, 
Ecosystem Conservation and Species of Conservation Concern.  These themes are all evaluated 
within their specific context ensuring the full range of residual impacts are addressed through 
each of the targets (Figure 5-7).  
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Figure 5-7 Outline of the approach used to identify the required offset for water resources and ecosystem 
services, habitat conservation and species of conservation concern 

(Macfarlane et al. 2014, p27) 
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66..  RREESSUULLTTSS  

The results of the studies and investigations undertaken to inform the wetland assessments and 
the assessment of the potential impacts associated with the proposed mining activities, are 
outlined in the following sections.  
 

6.1 Characteristics of the freshwater ecosystems 

Across the study area twenty-two (22) freshwater ecosystems were identified covering an area 
of approximately 3.77ha (Figure 6-1).  Of the twenty-two systems, three (3) were classified as 
artificial systems and comprised of one (1) watering hole, one (1) borrow pit and Voëltjie dam, 
with the latter being licenced (21b).  These artificial systems cover an area of approximately 
2.13ha, whilst the remaining 1.64ha are considered to be natural wetland systems.  The following 
sections provide a description of the various freshwater ecosystems identified during the dry and 
wet season site visits.   
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Figure 6-1 Overview of the freshwater ecosystems identified within the study area 
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 Artificial systems 

During the dry and wet season site visits, three (3) artificial wetland systems were identified.  
These systems were considered to be fundamentally different to the natural systems with some 
of the characteristics including the following:  

• Evidence that the systems had been excavated; 

• Evidence of either current water inputs into the systems via a pipe or canal;  

• Retention of water throughout the year, whilst the natural systems were dry; 

• Water clarity within these systems was often clear in comparison to the natural 
systems that had increased turbidity.  

 

 Watering holes 

The watering hole is located to the east of the coal conveyor and is currently still being actively 
maintained as a source of water for the wildlife within that portion of the reserve (Figure 6-2).  
The system covers an area of approximately 0.12ha.  This watering hole, other than the one 
located at the Lodge is the only source of water for the wildlife during the dry seasons, as the 
natural systems are considered to be seasonal in nature.   
 

 

Figure 6-2 View of the watering hole during the dry season site visit (left) and the wet season site visit (right) 

 

 Borrow pit and Dam  

The borrow pit and Voëltjie dam are located to the west of the coal conveyor and cover an area 
of approximately 2.01ha.  As with the watering hole, the Voëltjie dam is also artificially 
maintained through additional water inputs (Figure 6-3), whilst the calcrete borrow pit only 
receives through rainwater inputs.  Voëltjie dam is maintained by Mokolo water being pumped 
to the facility.  The turbidity within the dams was recorded as zero.  Voëltjie dam is currently 
licensed as a clean water facility and serves as a potable source of water for the wildlife within 
the game reserve as per to the Grootegeluk water license.  
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Figure 6-3 View of the dams during the dry season site visit (top left), the wet season site visit (top right), 

 

 Wetland habitat 

The remaining nineteen (19) wetlands within the study area are considered to be wetland 
habitat, i.e. not artificially created and/or sustained.  These systems cover an area of 
approximately 1.64ha, and range in size from 0.003ha to 0.275ha.  However, the majority of the 
systems are less than 0.1ha in extent.   
 
Formation of non-perennial pans 
The functioning of wetland systems is often considered from a hydrological and biotic 
perspective, whilst the geomorphic and climatic setting in which these systems are located is 
often just briefly considered in comparison.  With regards to the formation of endorheic12 
depressions/pans, there are currently three suites of controls that contribute towards the 
formation of such systems, either individually or in combination with one another (Thomas 2011).  
However, in terms of the non-perennial pans identified within the study area, the process of 
‘erosional control’ is considered to be applicable, particularly since these systems are located 
within a semi-arid region.  According to Goudie and Thomas (2011)13, erosional controls refers to 
a process known as deflation.  Deflation occurs in areas with a low MAP (≤500mm) and 
overgrazing around localised depressions within the landscape.  Erosional controls are greatly 
influenced by climatic conditions, i.e. rainfall amounts and seasonality, temperature; and biotic 
factors including the presence and/or absence of herbivores, and the composition and structure 
of the vegetation within and surrounding the localised depressions.  Furthermore, the underlying 
geology and local topography of the areas further contributes towards the formation of these 
systems.  The underlying geology needs to be susceptible to weathering/erosion to allow for the 
formation of pans.  The local topography is also considered to be important, in that the nature of 
the landscape will dictate whether there is transport of sediment into or out of the depression, 
i.e. the steeper the landscape the greater the opportunity for the mobilisation of sediment into 
the system.  The combination of all of the factors results in the deflation of the depressions, i.e. 
a negative sediment budget, and as such the formation of a depression/pan wetland.   
 

 
12 Endorheic referring to a “Basin or region from which there is little or no outflow of water (either on the surface as 
rivers, or underground by flow or diffusion through rock or permeable material (Macfarlane et al. 2007, p.169)”.  
13 Information sourced from Ellery (2018) MSc thesis 
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Catchment impacts 
The wetlands are located within the Manketti game reserve and as such the impacts on the 
systems are considered to be limited, as the catchments are considered to be near-natural, with 
a handful of impacts such as the encroachment of Dichrostachys cinerea (site visit observation), 
and some alien invasive vegetation including inter alia Agave americana (American Agave), 
Bidens pilosa (Black jack), Cereus jamacaru (Queen of the night), Flaveria bidentis (Smelters 
bush),  Opuntia ficus-indica (Prickly pear), Pennisetum setaceum (Fountain grass), Solanum 
nigrum (Nightshade) etc. (Natural Scientific Services 2011).   
 
Hydrology of the wetlands 
A review of the national lithology coverage highlights that the greater study area is underlain by 
shale, which is considered to be susceptible to weathering/erosion (Council for Geoscience n.d.).  
The national soil layer for the greater study area highlights that the predominant soil form in the 
area is dominated by the Hutton Form (Hu) (Land Type Survey Staff 1972-2006).  Based on a study 
undertaken by Golder in 2017, the predominant soil type found within the proposed LOM 
footprint area is considered to be the Glenrosa Form (Gs).  Both these soil forms are considered 
to be poorly structured soils.  The Hutton Forms, as described in Red Earth cc (2004), are soils 
that are considered to be very permeable, whilst the Glenrosa Forms are considered to be 
permeable (Red Earth cc 2004).  Based on Natural Scientific Services (2011), the predominant 
soils within the broader landscape are considered to be Kalahari sands.  These soils in many 
instances have calcrete and surface limestone layers or are loamy clay soils in low-lying areas.  
The high lying areas are often shallow, gravel sandy soils (Natural Scientific Services 2011).  Based 
on Kotze et al. (2018), the soil forms upslope of the local system’s catchment can provide an 
indication of how water is delivered to a wetland system.  Catchments characterised by soils 
containing E horizons e.g. Longlands, the source of water to a wetland would most likely be via 
lateral inputs, i.e. interflow via the E horizon (Kotze et al. 2018).  However, catchments dominated 
by Hutton forms, which are well-drained soils, are generally characterised by the vertical 
movement of water and as such it is unlikely that lateral flows, i.e. interflow inputs, are a main 
driving factor of the wetland systems (Kotze et al. 2018).  Thus, is can be broadly assumed that 
system’s catchments that are dominated by Longlands would most likely be more sensitive to 
impacts within the shallow soil horizons, whilst those dominated by Hutton soils would most 
likely be sensitive to impacts in the deeper soil horizons (Kotze et al. 2018).     
 
It is evident from the review of available soil information that the broader landscape lacks soils 
characterised by the lateral movement of water (i.e. E horizons), suggesting that the 
accumulation and retention of water within these depressions is strongly linked to surface runoff 
and the presence of an impermeable layer of clay or bedrock within the depressions, which 
allows for the retention of water within the landscape.  Based on the observations during the dry 
and wet season site visits, the formation of the pans within the study area very closely mimics 
the aforementioned ‘erosional control’ process (refer to the above section ‘Formation of non-
perennial pans’).  As such, these systems are not considered to be groundwater-driven systems 
but rather surface water driven, i.e. fed through rainfall events.  Without the impermeable layer, 
the infiltration rate of surface water to groundwater would be too rapid for the formation of 
hydromorphic soils, especially in semi-arid areas. The loss of water in these systems is 
predominantly associated with evaporative losses (refer to Section 4.2 for the ratio of MAP versus 
PET within the quaternary catchments).    
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Based on the dry and wet season site visits, it was evident that all of the wetlands within the 
study area are rainfall dependent, i.e. the systems only contained water following rainfall events.  
During the dry season site visit all of the wetlands, regardless of their extent, were desiccated 
with large cracks evident in the soil surface (Figure 6-4).  However, during the wet season site 
visit, all of the identified wetlands contained some degree of water and/or had just recently dried 
up (Figure 6-5).  The evaporative loss associated with the smaller wetlands was greater than the 
larger ones, particularly in the instances where tree canopy cover offered little protection, i.e. 
the wetlands under denser tree canopies retained the water for longer periods.   
 

 

Figure 6-4 Examples of the desiccated soils of two of the wetlands during the dry season site visit 
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Figure 6-5 Examples of the some of the wetlands visited during the wet season site visit and the variable amount 
of water within the systems 

 
Dendritic drainage networks 
Although the wetness regime of the wetland systems is rainfall dependent, many of the wetlands 
within the study area are connected via a dendritic drainage network (Figure 6-6). This is 
particularly true for the larger wetland systems with the study area.  Nonetheless, the systems 
are considered to be pans/depressions rather than any other hydrogeomorphic unit type.  These 
networks are generally not visible on the aerial imagery nor infield but rather were only identified 
as a result of the HECRAS modelling of elevation data.   
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Figure 6-6 An example of a string of smaller wetlands aligned with a dendritic drainage network 

 
Vegetation in and around the wetlands 
The majority of the wetlands within the study area are surrounded by tall trees and little to no 
wetland vegetation within the actual wetlands themselves but in some instances, trees were 
located within the wetland boundary (Figure 6-7) and refer to the figures depicted above).  The 
canopies of the trees in many instances partially encroach over the fringes of the wetland habitat 
even though they are considered to be terrestrial species.  The seasonality of the wetlands and 
the temporary nature of the water within the systems seems to not affect the trees as the 
inundation periods are for relatively short periods of time.   
 

 

Figure 6-7 An example of trees within an inundated wetland 
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The majority of the wetlands within the study area are bare, mud-dominated areas and did not 
have any form of wetland vegetation within them.  However, the larger wetlands that are 
inundated for comparatively longer periods, did have seasonal wetland vegetation within the 
wettest portions of the systems (Figure 6-8).  The analysis of the soil profiles within these systems 
supported this, as the soil profiles were those of seasonal wetness conditions (refer to Appendix 
1).  It is anticipated that the lack of vegetation cover within the wetlands is a result of a number 
of factors including the overgrazing of the vegetation within the systems, the extended drought 
that has affected the entire country, and the encroachment of bush species within the wetlands.  
 

 

Figure 6-8 An example of two wetland systems containing seasonal wetland vegetation within the portions of 
the systems with sustained wet conditions 

 
Overgrazing and bush encroachment 
As described above, other than the larger wetland systems, the wetlands were considered to be 
predominantly mud-dominated systems.  In many instances, it is anticipated that historical 
activities within the reserve, namely overstocking (Natural Scientific Services 2011; Digby Wells 
2014), largely influenced the vegetation composition across the site.  The majority of the study 
area is considered to be underlain by fertile soils, and as such the vegetation would most likely 
also be palatable to wildlife.  Following the first rainfall events, the growth of new vegetation 
within the wetlands would attract grazers to these wetland areas.  Intensive grazing of the 
systems would result in the reduction and/or loss of vegetation cover within these systems.  This 
in conjunction with an extended drought would provide suitable conditions for the 
encroachment of shrubs into the drier portions of each system (Figure 6-9).  Grass species would 
be easily out-competed by the shrubs, and consequently be limited in extent.  Instances of bush 
encroachment was noted particularly in the smaller systems and/or the large shallower wetland 
systems.   
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Figure 6-9 Examples of bush encroachment into some of the wetlands identified within Turfvlakte 

 
Invertebrates   
During both the dry and wet season site visits, invertebrate samples were collected.  As described 
in Section 5, the method of collection between the seasons differed.  Even though during the wet 
season the collection of invertebrates was limited to the previously sampled areas, infield 
observations in terms of their presence, abundance and species were nonetheless made.  As 
described above, many of the wetlands are surrounded by trees and their associated canopies.  
The variety of habitat surrounding the wetlands greatly favoured the presence of invertebrate 
species.   
 
An interesting observation during the wet season site visit was that the wetlands located to the 
east of the coal conveyor, contained a larger variety and number of invertebrates in comparison 
to the wetlands to the west of the conveyor belt.  The major difference between the two areas 
is that the eastern side does not have large herbivores (rhinoceros and buffalo) within its 
boundaries, whilst the western side does.  It is anticipated that these large wildlife species may 
largely influence the number and diversity of the invertebrate species found within these 
systems.  
 

6.2 Assessment results of the wetlands identified  

The wetlands identified within the study area were assessed in terms of their functioning and 
condition/integrity for both the current and operational-mining14 scenarios.  The results of these 
assessments are described below.  Figure 6-10 provides an overview of the proposed mining 
activities in relation to the identified wetlands with the study area.    
  

 
14 The operational-mining scenario assumes that all of the wetlands will be lost simultaneously (excluding 6, 7, 8, 9, 
16, 17 and 19) due to the proposed mining activities, even though the pans will only be lost as the mining activities 
expand over the next 30 years.   



Exxaro Grootegeluk Coal Mine - Turfvlakte 
Wetland Delineation & Assessment 2019 

 

©  GroundTruth Water, Wetlands and Environmental Engineering Page   40 

 

 

Figure 6-10 Overview of the identified freshwater ecosystems in relation to the proposed mining activities on Turfvlakte 
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 Wetland clusters 

Based on the criteria described in Section 5.3 all of the wetlands, excluding the artificial wetlands, 
were clustered/grouped as follows: 

• Eastern clusters: 
o Group 1 - <0.1ha in size and will be partially lost in the operational-mining 

landscape; 
o Group 2 - <0.1ha in size but will be lost in the operational-mining landscape; 
o Group 3 - >0.1ha but <0.5ha in size and will be partially lost in the operational-

mining landscape; and 
o Group 4 - >0.1ha but <0.5ha in size but will be lost in the operational-mining 

landscape.  

• Western clusters: 
o Group 5 - <0.1ha in size; and will be partially lost in the operational-mining 

landscape; and 
o Group 6 - >0.1ha but <0.5ha in size and will be partially lost in the operational-

mining landscape.  
 

 Wetland ecosystem functioning assessment 

The general features of the wetland groups (refer to Section 6.2.1) were assessed in terms of the 
ecosystem functioning at a landscape level for the current and operational-mining scenarios.  The 
score for each ecosystem service represents the likely extent to which that benefit is being 
supplied by the specific wetland and was interpreted based on the following rating outlined by 
Kotze et al. (2007): 

• <0.5 Low; 

• 0.5-1.2 Moderately low; 

• 1.3-2.0 Intermediate;  

• 2.1-2.8 Moderately high; and 

• >2.8  High. 
 
Current scenario:  
Generally, the values recorded for the regulating and supporting services for the current scenario 
for the wetlands were Moderately Low to Intermediate (Table 6-1 and Figure 6-11 and Figure 
6-12).  The regulating services supplied by the smaller wetlands in Groups 1, 2 and 5 (<0.1ha) are 
considered to be marginally less than those wetlands within Groups 3, 4 and 6 and this can be 
attributed to the size of the wetlands.  Biodiversity maintenance values were considered to be 
Moderately High.  This can be attributed to the fact the wetlands have been classified as 
pan/depressions and are located within a game reserve.  The systems’ provision of direct benefits 
and services, such as harvestable natural resources and use for education, was seen as limited 
due to the wetlands’ location within private property.  
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Operational-mining scenario:    
It is assumed that the wetlands to the east of the coal conveyor that fall within Groups 2 and 4 
will be lost in the operational-mining landscape, and as such the ecosystems services supplied by 
these systems would also be lost.  Some of the wetlands within the eastern clusters that will be 
retained within the operational-mining landscape, occur within Groups 1 and 3.  Currently the 
proposed mining activities at the proposed eastern Turfvlakte discard dumps only partially 
impact Groups 1 and 3, and as such it is anticipated that there will be limited impact on the 
systems.  Whilst, some of the wetlands within the western clusters that will be retained within 
the operational-mining landscape, occur within Groups 5 and 6.  Should however, the proposed 
mining footprint change, the functioning of these systems would have to be reassessed to ensure 
they are not impacted by the proposed mining activities.   
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Table 6-1 Summary of current Ecosystem Services Scores15 for all of the wetlands identified within the study area 

Ecosystem Services Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 
Flood attenuation 1,7 1,7 1,7 1,6 1,7 1,6 
   Score for effectiveness: 1,6 1,6 1,6 1,0 1,6 1,4 
   Score for opportunity: 1,8 1,8 1,8 2,2 1,8 1,8 
Stream flow regulation 0,0 0,0 0,2 0,0 0,0 0,2 
Sediment trapping 1,7 1,9 1,9 0,9 1,7 1,4 
   Score for effectiveness: 0,8 1,3 1,3 0,5 0,8 0,7 
   Score for opportunity: 2,5 2,5 2,5 1,3 2,5 2,0 
Phosphate trapping 1,1 1,1 1,3 0,3 1,1 1,0 
   Score for effectiveness: 1,6 1,8 2,1 0,5 1,6 1,9 
   Score for opportunity: 0,5 0,5 0,5 0,0 0,5 0,0 
Nitrate removal 0,5 0,5 0,8 0,5 0,5 0,8 
   Score for effectiveness: 1,0 1,0 1,5 1,0 1,0 1,5 
   Score for opportunity: 0,0 0,0 0,0 0,0 0,0 0,0 
Toxicant removal 1,1 1,2 1,4 0,5 1,1 0,8 
   Score for effectiveness: 1,2 1,3 1,8 1,0 1,2 1,7 
   Score for opportunity: 1,0 1,0 1,0 0,0 1,0 0,0 
Erosion control 1,5 1,5 1,4 1,8 1,5 1,6 
   Score for effectiveness: 2,0 2,0 2,3 2,3 2,0 2,3 
   Score for opportunity: 0,9 0,9 0,5 1,3 0,9 0,9 
Carbon storage 1,3 1,3 1,7 1,0 1,3 1,7 
Biodiversity maintenance 2,3 2,3 2,3 2,0 2,3 2,7 
   Score for noteworthiness: 2,0 2,0 2,0 1,3 2,0 2,0 
   Score for integrity: 2,7 2,7 2,5 2,7 2,7 3,3 
Water supply 0,0 0,0 0,6 0,5 0,0 0,6 
Source of harvestable goods /resources 0,0 0,0 0,0 0,0 0,0 0,0 
Source of cultivated goods /resources 0,0 0,0 0,0 0,0 0,0 0,0 
Socio-cultural significance 0,0 0,0 0,0 0,0 0,0 0,0 
Tourism and recreation 0,3 0,3 0,3 0,3 0,3 0,4 
Education and research 1,0 1,0 1,0 1,0 1,0 1,0 

 
  

 
15 Where applicable the scores for opportunity and effectiveness have been presented to ensure an understanding of the effectiveness of the systems. 
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Figure 6-11 Overview of the ecosystem services provided by the wetland systems within the eastern portion of the study area for the current scenario 
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Figure 6-12 Overview of the ecosystem services provided by the wetland systems within the western portion of the study area for the current scenario 
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As WET-EcoServices does not provide a consolidated score that can be used as a target, the 
current and operational-mining assessment scores were incorporated into the Wetland 
Importance and Sensitivity assessment datasheets (Rountree and Malan 2010) to provide EIS 
scores (refer to Table 6-2 to Table 6-7).  As highlighted above, it is assumed that all of the 
wetlands will be lost as a result of the proposed mining activities, and as such an EIS score cannot 
be attributed to the wetlands as they are considered to be zero for all categories.  
 

Table 6-2 EIS scores for the Group 1 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.3 Moderate 

Hydro-functional importance  1.1 Moderately Low 

Direct human benefits 0.2 Low 

 

Table 6-3 EIS scores for the Group 2 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.3 Moderate 

Hydro-functional importance  1.2 Moderately Low 

Direct human benefits 0.2 Low 

 

Table 6-4 EIS scores for the Group 3 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.3 Moderate 

Hydro-functional importance  1.3 Moderately Low 

Direct human benefits 0.3 Low 

 

Table 6-5 EIS scores for the Group 4 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.3 Moderate 

Hydro-functional importance  0.8 Low 

Direct human benefits 0.3 Low 
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Table 6-6 EIS scores for the Group 5 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.3 Moderate 

Hydro-functional importance  1.1 Moderately Low 

Direct human benefits 0.2 Low 

 

Table 6-7 EIS scores for the Group 6 for the current scenario 

Current 

Categories Importance 
Score 

Importance 
Rating 

Ecological importance & sensitivity 2.7 Moderate 

Hydro-functional importance  1.1 Moderately Low 

Direct human benefits 0.3 Low 

 

 Wetland ecological integrity assessment16  

The ecological integrity or Present Ecological State (PES) of the wetland clusters/groups, were 
assessed for the hydrology, geomorphology, water quality and vegetation components, 
considering the reference/benchmark conditions.  The integrity of the biophysical components 
of the wetlands were assessed for the current and operational-mining scenarios, so as to provide 
an indication of the functional area lost as a result of the proposed mining activities.   
 
It should be noted that the following assumptions were made with regards to the operational-
mining scenario: 

• Groups 2 and 4 located to the east of the conveyor will be lost in their entirety.  Those 
wetlands that will be lost are considered to be lost simultaneously, even though the 
mining plan extends over a period of thirty (30) years; 

• Groups 1, 3, 5 and 6 will primarily be lost within the operational-mining landscape.  
The wetlands that will be retained with minimal impact are labelled 6, 7, 8, 9, 16, 17 
and 19.  The catchments associated with these systems generally are located outside 
of the proposed mining footprint area, even though some of these systems may be 
within 100m of the proposed mining activities; and as such it is anticipated that the 
impacts on the systems will be limited.  However, should the proposed mining layout 
be amended, the assessment of the wetlands’ integrity would have to be reassessed 
to account for the changes within the wetlands’ catchments.   

• Any infrastructure requirements for the operational-mining scenario will be placed 
outside of the 200m buffer zone of the wetlands and/or any linear features will 
coincide with existing linear features within the landscape, i.e. roads Figure 6-13.  
Should this be unattainable, the assessments would have to be updated to account 
for any catchment and/or in-system modifications.   

 
16 Please note that the full data for the wetland ecological integrity assessment results can be made available if 
required. 
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• As such, the integrity/hectare equivalents calculated for the current scenario were 
considered to be lost in the operational-mining scenario i.e. if a wetland group was 
recorded as 1 hectare equivalent, the operational-mining scenario assumes that 
there will be a loss of 1 hectare equivalent within the operational-mining landscape.   

• Any activities planned beyond the study site boundary have not been accounted for 
in the assessments unless these form part of the operational-mining scenario across 
the Grootegeluk site and/or are associated with existing mining activities.  As such 
should mining activities/associated infrastructure take place beyond the study site 
boundary but within the 200m buffer of the wetlands, the assessments may have to 
be updated to account for potential impacts.  However, activities within the 200m of 
the artificial systems would not necessarily need to be assessed as these systems do 
not contribute towards the hectare equivalents calculations.  

 

 

Figure 6-13 Overview of the wetlands within the study area and their associated 200m buffer zones 

 
All of the wetlands that were assessed have been classified as pans/depressions.  Even though 
the systems were categorised into six (6) different groups, there are some characteristics that 
are the same and/or similar across all of the systems.  It should be noted that the assumptions 
adopted during the assessment of the wetland systems are largely reflected in Section 6.1.2, 
which described the characteristics of the wetland systems within the study area.  
 
The catchments of the wetlands are considered to be relatively intact due to the fact that these 
wetlands are located within the Manketti Game Reserve and have been assessed/scored 
accordingly.  The catchment impacts that were accounted for during the assessments include dirt 
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roads, overgrazed vegetation due to overstocking, and in those instances where the dirt roads 
were in close proximity to the wetlands, additional sediment inputs into the systems.   
 
In terms of in-system impacts, these were considered to be limited to the use of the wetlands by 
wildlife as the greatest ongoing system modifier.  Vegetation within these systems is generally 
absent except for the larger wetlands that retain water for longer periods of time throughout the 
year.  However, the absence of vegetation within the systems is considered to be associated with 
historical and/or current land use practices.  The encroachment of woody species within the 
wetlands is considered to be as a result of overstocking and as such overgrazing (Natural Scientific 
Services 2011; Digby Wells 2014).  Generally, the woodier the wetlands, the less herbaceous 
vegetation was seen within the systems.  It is anticipated that the catchment and in-system 
impacts have been exacerbated by an extended drought period and as such, the recovery of the 
vegetation would be subject to implementation of appropriate interventions and extended 
rainfall.  
 
Figure 6-14 and Figure 6-15 depict the identified wetlands within the study area and their 
respective PES categories.  Only those impacts that are unique per group will be described 
separately in the following sections.  A summary of the results for each of the wetland groups are 
outlined below (Refer to Appendix 2 providing details pertaining to the nineteen identified 
wetlands).   
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Figure 6-14 Overview of the identified wetlands located to the east of the coal conveyor, their associated numbering and PES category for the current scenario 
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Figure 6-15 Overview of the identified wetlands located to the west of the coal conveyor, their associated numbering and PES category for the current scenario   
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Group 1 
This group comprises of all the wetlands located to the east of coal conveyor that are less than 
0.1ha in extent, and that will partially be lost within the operational-mining landscape, i.e. pan 
11 will be lost.  Generally, the impacts within the catchment and within the systems are uniform 
with the road network generally being located beyond the edge of the wetlands.  These impacts 
have been accounted for appropriately.  These smaller systems tend to be very temporary in 
nature and only retain water for short periods during the wet season.  The assumption was made 
that these systems retain water for a limited period of time per annum. 17.  During the 
operational-mining landscape, both pans 16 and 19, will have mining activities within their 
catchments, which has been accounted for in the operational-mining scenario.  Table 6-8 
provides a summary of the systems’ biophysical drivers for the current scenario.   
 

Table 6-8 Summary of the assessment of the ecological integrity for Group 1 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.8 1.3 2.0 2.4 

PES category B B C C 

Composite impact score 1.9 

Combined PES score (%) 81% 

Overall PES category B 

Hectares of wetland 0.0363 

Hectare equivalents 0.0301 

Operational-mining: 
hectares of wetland 

0.0154 

Operational-mining: overall 
PES category 

E 

Operational-mining: 
retained hectare equivalents 

0.0115 

Operational-mining: loss of 
hectare equivalents 

-0.0186 

 
Group 2 
This group comprises of all the wetlands located to the east of coal conveyor that are less than 
0.1ha in extent but that will be lost within the operational-mining landscape.  Generally, the 
impacts within the catchment and within the systems are uniform with the road network 
generally being located beyond the edge of the wetlands.  These impacts have been accounted 
for appropriately.  These smaller systems tend to be very temporary in nature and only retain 
water for short periods during the wet season.  The assumption was made that these systems 

 
17 It should be noted that the exact period of inundation can only be confirmed with long-term seasonal monitoring 
of the systems but is based on infield observations. 
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retain water for a limited period of time per annum17. Table 6-9 provides a summary of the 
systems’ biophysical drivers for the current scenario.   
 

Table 6-9 Summary of the assessment of the ecological integrity for Group 2 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.4 0.9 2.0 2.5 

PES category A A C C 

Composite impact score 1.3 

Combined PES score (%) 87% 

Overall PES category B 

Hectares of wetland 0.1542 

Hectare equivalents 0.1335 

Operational-mining: 
hectares of wetland 

0.0 

Operational-mining: overall 
PES category 

F 

Operational-mining: 
retained hectare equivalents 

0.0 

Operational-mining: loss of 
hectare equivalents  

-0.1335 

 
Group 3 
This group comprises of all the wetlands located to the east of coal conveyor that greater than 
0.1ha but less than 0.5ha in extent and that will partially be lost within the operational-mining 
landscape.  Generally, the impacts within the catchment and within the systems are uniform, 
other than one system that has a road running through the wetland, whilst other roads are 
located beyond the edge of the wetlands.  These systems are considered to be some of the larger 
wetlands within the study area and as such are considered to retain water for a limited period of 
time per annum17.  Table 6-10 provides a summary of the systems’ biophysical drivers for the 
current scenario.   
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Table 6-10 Summary of the assessment of the ecological integrity for Group 3 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.7 0.7 1.9 2.4 

PES category B A B C 

Composite impact score 1.7 

Combined PES score (%) 83% 

Overall PES category B 

Hectares of wetland 0.5287 

Hectare equivalents 0.4394 

Operational-mining: 
hectares of wetland 

0.2752 

Operational-mining: overall 
PES category 

D 

Operational-mining: 
retained hectare equivalents 

0.2243 

Operational-mining: loss of 
hectare equivalents  

-0.2151 

 
Group 4 
This group comprises of all the wetlands located to the east of coal conveyor that greater than 
0.1ha but less than 0.5ha in extent but that will be lost within the operational-mining landscape.  
Generally, the impacts within the catchment and within the systems are uniform with the road 
network generally being located beyond the edge of the wetlands.  These impacts have been 
accounted for appropriately.  These systems are considered to be some of the larger wetlands 
within the study area and as such are considered to retain water for a limited period of time per 
annum17.  Table 6-11 provides a summary of the systems’ biophysical drivers for the current 
scenario.   
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Table 6-11 Summary of the assessment of the ecological integrity for Group 4 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.7 0.7 1.9 2.5 

PES category B A B C 

Composite impact score 1.7 

Combined PES score (%) 83% 

Overall PES category B 

Hectares of wetland 0.2056 

Hectare equivalents 0.1709 

Operational-mining: 
hectares of wetland 

0.0 

Operational-mining: overall 
PES category 

F 

Operational-mining: 
retained hectare equivalents 

0.0 

Operational-mining: loss of 
hectare equivalents  

-0.1709 

 
Group 5 
This group comprises of all the wetlands located to the west of coal conveyor and that are less 
than 0.1ha in extent.  Generally, the impacts within the catchment and within the systems are 
uniform, other than there being some dirt tracks in close proximity to the wetlands that are 
altering the sediment inputs into the system.  These smaller systems tend to be very temporary 
in nature and only retain water for short periods during the wet season.  The assumption was 
made that these systems retain water for a limited period of time per annum17. Table 6-12 
provides a summary of the systems’ biophysical drivers for the current scenario.   
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Table 6-12 Summary of the assessment of the ecological integrity for Group 5 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 1.3 0.7 2.0 2.6 

PES category B A C C 

Composite impact score 1.6 

Combined PES score (%) 84% 

Overall PES category B 

Hectares of wetland 0.2022 

Hectare equivalents 0.1198 

Operational-mining: 
hectares of wetland 

0.0627 

Operational-mining: overall 
PES category 

E 

Operational-mining: 
retained hectare equivalents 

0.0708 

Operational-mining: loss of 
hectare equivalents  

-0.0490 

 
Group 6 
This group comprises of all the wetlands located to the west of coal conveyor and that greater 
than 0.1ha but less than 0.5ha in extent.  These systems are considered to be the least impacted 
wetlands within the study area.  These systems are considered to be some of the larger wetlands 
within the study area and as such are considered to retain water for a limited period of time per 
annum17.  Table 6-13 provides a summary of the systems’ biophysical drivers for the current 
scenario.   
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Table 6-13 Summary of the assessment of the ecological integrity for Group 6 for the current scenario and the loss 
of hectare equivalents within the operational-mining landscape 

 
Hydrology Geomorphology Water Quality Vegetation 

Impact scores 0.9 0.5 1.7 1.9 

PES category A A B B 

Composite impact score 1.2 

Combined PES score (%) 88% 

Overall PES category B 

Hectares of wetland 0.5126 

Hectare equivalents 0.4506 

Operational-mining: 
hectares of wetland 

0.3745 

Operational-mining: overall 
PES category 

D 

Operational-mining: 
retained hectare equivalents 

0.2688 

Operational-mining: loss of 
hectare equivalents  

-0.1818 

 

 Summary of overall ecosystem integrity for the wetlands  

For ease of interpretation the scores for hydrology, geomorphology, water quality and vegetation 
are able to be simplified into a composite impact score for the HGM unit by weighting the scores.  
This score was then used to derive hectare equivalents, which were used as the ‘currency’ for 
assessing the losses and gains in wetland integrity (Macfarlane et al. 2018, Cowden and Kotze 
2009).   
 
Based on the PES score for the current scenario, the approximately 1.64ha of natural wetland 
habitat is considered to be the equivalent to 1.34ha of intact wetland habitat (Table 6-14).  The 
graphic representation of the functional wetland area versus the total extent of the wetland 
habitat onsite, clearly illustrates that the wetland habitat is functioning at approximately 81% 
(Figure 6-16).   
 
The operational-mining scenario assumes that the proposed mining activities associated with the 
operational-mining scenario will result in the loss of wetland Groups 2 and 4 and portions of 
Groups 1, 3, 5 and 6 i.e. a loss of approximately 0.77ha of intact wetland habitat (hectare 
equivalents).  These impacts would have to be appropriately mitigated through offsetting of the 
impacts (refer to Section 6.3).   
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Table 6-14 Summary of the hectare equivalents for the current and operational-mining scenarios for the identified 
wetland groups 

HGM unit Current ha equiv. Operational-mining ha 
equiv. 

Losses 

Group 1 0.0301 0.0115 -0.0186 
Group 2 0.1335 0.0 -0.1335 
Group 3 0.4394 0.2243 -0.2151 
Group 4 0.1709 0.0 -0.1709 
Group 5 0.1198 0.0708 -0.0490 
Group 6 0.4506 0.2688 -0.1818 

Total -0.7689 

 

 

Figure 6-16 A graphic representation of the wetland systems identified within the study area, in terms of both 
spatial extent and functional area, from reference conditions through to the proposed operational-mining 

scenarios without mitigation measures. 

 

 Freshwater ecosystem risk assessment 

When assessing the risks associated with the proposed expansion of the Grootegeluk mining 
activities, it was assumed that the expansion and operational phases of the mining activities for 
the new proposed Turfvlakte pit, will extend across the eastern and western portion of the study 
site but limited to the supplied footprint area.  Based on the proposed mine pit layout, as supplied 
by Exxaro in August 2019, the following wetlands located within study area will not be directly 
affected by the proposed mining activities, i.e. they will not be lost in their entirety; namely 
wetlands 6, 7, 8, 9, 16, 17 and 19.  Due to the nature of the mining activities, there is no distinction 
between the construction and operational phases, and as such these have not been presented in 
Table 6-15, but rather the two operational-mining scenarios which includes 1) the pans that will 
be lost as a result of the proposed mining activities, and 2) the pans that will be retained within 
the operational-mining landscape.   
 
Some of the key assumptions that were considered for the risk matrix assessment are 
documented below.  It is assumed that any runoff from the mining activities will be suitably 
addressed to ensure that there is no contamination of the wetlands in close proximity to the 
mining footprint.  Based on the underlying geology and soil types within the broader landscape, 
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it is assumed that the remaining pans will not be affected by changes to interflow inputs, as 
Hutton soil forms are well-drained (refer to Section 6.1.2).  Due to the nature of the pans being 
inward draining systems, with limited catchments, it is assumed that there will be limited impacts 
on these remaining systems associated with the proposed expansion of the mining activities.  As 
per Section 6.2.3, the same assumptions with regards to remaining wetlands are considered to 
be applicable, particularly the fact that any additional/new infrastructure associated with the 
mining activities would be placed beyond the 200m buffer zone of the remaining wetlands 
(precautionary approach) and/or beyond the local catchment of these wetland systems.  Any 
impacts associated with the current infrastructure and/or pits within the 200m buffer of the pans 
has been suitably assessed and accounted for during the PES assessments.  The impacts of any 
proposed linear infrastructure e.g. pipelines, roads or conveyors; on the wetlands would be 
largely dependent on the local micro-topography of the site, i.e. whether the proposed 
infrastructure is located within the micro catchment of one of these systems.  In the event, that 
the proposed linear infrastructure is located beyond the micro-catchments of the identified 
systems, the impacts on these systems are anticipated to be negligible however, this could only 
be determined upon review of the proposed infrastructure layouts and assessment of the 
wetland systems.   
 
The pans that will be retained within the operational-mining landscape are considered to be at a 
Moderate Risk of negative impacts on system functioning and integrity (Table 6-15), whilst the 
pans that will be permanently lost as a consequence of the mining activities are considered to be 
at a High Risk.  Consideration of the principles and approaches described in the DWS Risk Matrix 
(GN 1180 of 2015), highlighted that these systems are at a High Risk of negative impacts on 
system functioning and integrity, as these systems will be lost in their entirety (Table 6-15).     
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Table 6-15 Freshwater ecosystem risk assessment activities, impacts and risk ratings for the operational-mining scenario18. 

Phase Activity Aspect Impact Severity 
Spatial 
Extent 

Duration 
Probability/
Likelihood 

Significance 
Risk 
Rating* 

Confidence 
Level 

PES Scores EIS Scores Mitigation Measures Residual Risk Rating  
O

p
e

ra
ti

o
n

al
-m

in
in

g 
Sc

e
n

ar
io

  

(R
e

ta
in

e
d

 P
an

s)
  

No activity - Pans 
located beyond the 
mining footprint 
(any potential 
impacts associated 
with the mining 
activities have been 
accounted for). 
 
Management of 
these systems will 
remain unchanged. 

In-system habitat (if 
present) and associated 
catchment habitat 

The management of the 
remaining pans will 
remain unchanged; 
however, they will be 
within 100m of the 
mining activities.  Based 
on the location of the 
pans in relation to the 
mine footprint, it is 
anticipated that any 
impacts associated with 
the mining activities will 
be limited to the footprint 
area and all efforts to 
address run-off from the 
mine will be appropriately 
managed.  

1.5 1 5 13 97.5 M 

80% 
Groups 1-3 = 
B Category 

Groups 1-3 = 
Moderate 
rating 

Current management 
practices to be 
maintained 

Low  

Flow regime 1.5 1 5 14 105 M 

Water contamination / 
pollution 

1.5 1 5 14 105 M 

Siltation of wetland  1.5 1 5 13 97.5 M 

Biotic indicators 
(invertebrate) 

1.5 1 5 14 105 M 

O
p

e
ra

ti
o

n
al

-m
in

in
g 

Sc
e

n
ar

io
  

(L
o

st
 P

an
s)

 

The expansion of the 
mining activities into 
the study area 
located to the east 
of the coal conveyor 

In-system habitat (if 
present) and associated 
catchment habitat 

The expansion of the 
mining activities will 
result in the loss of some 
of the identified wetlands 
located within the 
eastern portion of the 
study area.   

5 2 5 20 240 H 

100% 
Group 4 = F 
Category 

Group 4 = 
None  

A detailed offset 
study to be 
undertaken to 
mitigate the impacts 
associated with the 
proposed mining 
activities  
 
Proof of Concept for 
the relocation and 
creation of pans 
within the landscape. 

Moderate (this is 
subject to mitigating 
the impacts through 
appropriate 
mitigation activities, 
including both a 
detailed offset study 
and 
relocation/creation 
of pans within the 
landscape) 

Flow regime 5 2.5 5 20 250 H 

Water contamination / 
pollution 

5 2.5 5 20 250 H 

Siltation of wetland  5 2 5 20 240 H 

Biotic indicators 
(invertebrate) 

5 2.5 5 20 250 H 

 
18 Please note that Table 6.15 is a summary developed for reporting purposes.  Full data can be made available if required. 
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6.3 SANBI offset calculator 

As the impacts associated with the proposed expansion of the mining are unable to be mitigated 
through the rehabilitation of the wetland areas onsite, an offset requirement was ‘triggered’, as 
the residual impact associated with the proposed mining activities has not been accounted for as 
defined in the SANBI Offset Guidelines (Macfarlane et al. 2014). An assessment of the offset 
requirements was conducted for the wetlands lost.    
 
The loss of 0.77 hectare equivalents of wetland habitat, associated with the expansion, was 
considered in terms of the approach specified by the SANBI Offset Guidelines. As described 
previously, the SANBI Offset guidelines were used to determine the offset targets.  In terms of 
the offset targets that would be applicable, the following would need to be considered for the 
impacts on the wetland systems: 

• Wetland functionality target – 0.75 hectare equivalents; 

• Ecosystem conservation target – 0.2 hectare equivalents; and 

• Species of conservation concern target – not applicable as no species of special 
concern19 were identified.   

 

6.4 Invertebrate sampling 

The following sections provide a summary of the results from invertebrate sampling during the 
dry and wet season site visits.  
 

 Invertebrate incubation and wet season sampling 

Water temperature for the duration of the incubation experiments was maintained at an average 
of 21.7°C, while air temperatures were maintained at 24.8°C with standard deviations of 2.3 and 
1.7°C recorded respectively (Figure 6-17). The temperature profiles of the hatching experiments 
therefore closely matched that of ambient temperatures experienced in Lephalale during 
October/November20, providing optimal conditions for hatching/growth. 
 

 
19 Species of special concern include Red Data Book or Red List taxa on threatened or conservation concern 
categories (Macfarlane et al. 2014). The nature of the study did not allow for the identification of any species of 
potential concern, and therefore, this component of the wetland offset calculations was excluded.  Should 
biodiversity studies identify faunal or floral species of conservation significance that are dependent on the identified 
wetland habitat, offset calculations would need to be amended to account for the mitigation of impacts on the 
identified species. 
20 Website - https://en.climate-data.org/location/26819/ 
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Figure 6-17 Ambient air temperature and water temperature records collected for the duration of the incubation 
experiments 

 
Incubation experiments conducted using a single inundation of each of the five (5) samples over 
a forty-one (41) day period revealed obligate temporary wetland invertebrates hatching from 
dormant eggs in each of the collected samples but at different temporal scales and in different 
abundances (Table 6-16 and Appendix 5). Incubation experiments using sediments yielded eight 
orders representing ten different genera and, as of yet, an unconfirmed number of species.     
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Table 6-16 Invertebrate taxa recorded from sediment inundation experiments and wet season sampling at 
Grootegeluk. Families in red represent obligate temporary wetland indicator species, while families in black 
represent good dispersers able to establish in any nearby water body 

 
 
Large branchiopods (Anostraca, Conchostraca and Notostraca) were observed hatching from all 
five (5) dry season sediment samples. Similarly, wet season sampling revealed the presence of 
large branchiopods in all five (5) sites, in addition to 8 other families representing strong 
dispersers from the orders Hemiptera, Coleoptera, Diptera, Odonata and Ephemeroptera.  
 
Copepods, cladocera and ostracods observed in the dry season incubation experiments were not 
collected in the wet season sampling, owing to the fact that they are extremely small and would 
have passed through the 250µm mesh size used on the SASS sampling net. They are expected to 
have been present at all sites sampled in the wet season. 
 
The number of invertebrate families recorded per sample in both the wet and dry seasons are 
displayed in Figure 6-18 while species lists are presented in Appendix 4.  
 

WET SEASON - SITES DRY SEASON - SITES

5 5 3 1 2 1 2 3 4 5

Taxa/Families 1.1 1.2 6.1 9.1 10.1 11.1 12.1 13.1 14 15

Anostraca

Conchostraca 

Notostraca

Copepoda

Cladocera

Ostracoda

Platyhelminthes

Notonectidae

Corixidae

Nepidae 

Libellulidae

Lestidae

Dytiscidae Larvae

Helodidae/Scirtidae

Oligochaeta 

Physidae

Culicidae

Tabanidae 

Ceratopogonidae

Chironomidae

Baetidae
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Figure 6-18 No of families recorded hatching from incubation experiments (dry season) and in-situ field sampling 
(wet season) of temporary wetlands located at Turfvlakte 

 

 Findings discussion 

All 5 sites identified as potential wetlands and assessed in the current study (either through dry 
season incubation experiments or wet season field sampling), revealed signs of temporary 
wetland invertebrate indicators, thereby confirming the presence of functioning temporary 
wetlands. Dry season incubation experiments as per the methodology described in Day et al. 
(2010) with a single inundation were successful in revealing the presence of obligate temporary 
wetland indicator species in all samples, highlighting the value of the approach when field 
sampling in the wet season is not feasible or as a scoping assessment.  Generally, the hatching 
trials provided a good representation of natural invertebrate communities and provided a low-
level surrogate for wet season assessments.  Large branchiopods of all three taxa (Anostraca, 
Conchostracha and Notostraca), hatched in all of the 5 sites soil samples collected for the 
incubation experiment (Anostraca were absent from site 3, Conchostrata were absent from site 
1, 2 and 4; and Notostraca were absent from site 1 and 2) (See Table 6.19).  Wet season sampling 
of the same locations revealed large branchiopods to be present at four of the five sites with 
fewer taxa absent in certain groups (Conchostrata were absent from site 5 and Notostraca were 
absent from site 1) (see table 6.19). This discrepancy is likely owing to the fact that most 
zooplankton including large branchiopods produce drought resistant eggs that do not all hatch 
at the same time after the first inundation (Brendonck et al. 2017). Instead, as part of a risk 
mitigation strategy, (against a highly variable hydroperiod and number of inundations) some eggs 
will only hatch after the second or third inundation of a season (Brendonck et al. 2017). This is 
because if all eggs hatched after the first inundation and the hydroperiod was too short (i.e. the 
pond did not remain inundated for long enough) to enable the larvae to reach maturity and 
reproduce the entire generation would die.  As such, if time had permitted additional inundations 
to be performed in the laboratory, it is highly likely that increased abundances, different hatching 
strategies and an increased diversity of taxa would have been observed in the samples, thereby 
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increasing the congruency of the wet and dry season sampling results. This is recommended for 
future dry season assessments.  
 
Generally, water bodies that are more temporary in nature (and/or experience complete 
desiccation) are more likely to include organisms such as the large branchiopods (Notostraca, 
Anostraca and Conchostraca) (Seaman and Kok 1987). Furthermore, the shorter the inundation 
period, the more likely it is that within related taxa, those species with rapid life history traits 
(reproduction, hatching) (e.g. Branchipodopsis spp – Anostraca) will prevail over species with 
longer life cycles (Streptocephalus spp – Anostraca) (Anderson and Hsu 1990, Brendonck 1991, 
Seaman et al 1995).  It is expected that the hydroperiod of the temporary wetlands in Turfvlakte, 
given the underlying sediments are rich clay, will be longer than those in the Western Cape 
(underlain by fast draining sand). Regrettably, too little is known to be able to detail what is 
meant by long or short inundations or life cycles.  
 
Certain studies/authors have reported egg densities ranging from 50’000-220’000/km2 for 
Anostraca in the egg banks (upper sediments – as deep as 130mm) of temporary wetlands 
(Brendonck and Riddoch 1997;2000, Hulsmans et al 2006). Given these remarkably high densities 
and the depths at which they have been found it has been suggested that  

1. The invertebrates have been using the pans/temporary wetlands for as long as it has 
taken sediments to accumulate (possibly several thousand years); 

2. Regular perturbation by animals/birds in the wet season and as result of wind during 
the drying stage (when cracks form) eggs can become buried at depth, and  

3. Eggs in sediments can be transported by herbivores/animals (i.e. elephants, 
warthogs, antelope) among wetlands and shallow wallows (often created by 
animals), thereby aiding dispersal (see Incangone et al 2015). 

 

 Scarcity of the invertebrates collected 

Sixty-six (66) large Branchiopod species have been identified in Southern Africa to date (Day et 
al. 1999, Rogers 2013), but large knowledge gaps relating to these fauna remain in the region. 
Much of the region has not been studied in detail and limited information exists for the 
distribution of South African species and their relationship to habitat factors (Hamer and 
Brendonck 1997, Brendonck et al. 2008, Mabidi et al. 2016).  For some areas of South Africa 
information on the distribution and conservation status of large branchiopods exists namely, 
KwaZulu-Natal-lowlands, mountainous Drakensberg region of KwaZulu-Natal, Northern Cape, 
Western Cape, North West and Free State Provinces as well as Mpumalanga Highveld Region. 
New data has recently been collected for the semi-arid karoo basin (Eastern Cape) (Mabidi et al. 
2016). Information for Limpopo however remains relatively limited (Hamer 1999). Only broad 
statements regarding the scarcity of fauna can therefore be made until further studies have been 
conducted and the phylogenetic lineages/species from the area have been described.  
 
Notostraca - comprise only one family represented by one species Triops granarius – found 
widely in temporary wetlands throughout Africa. Not on the IUCN red list. 
 
Anostraca – 29 species on the IUCN red list, 4 from Sub-Saharan Africa- none of which were found 
in the samples from Grootegeluk/Turfvlakte. Streptocephalus proboscideus and Streptocephalus 
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cafer were found and are likely the two dominant species though neither of which are on the 
IUCN red list. 
 
Conchostraca – none recognized by the IUCN red list. Though three families Lynceidae (Lynceus 
sp.), Leptestheriidae (Leptestheriella sp., Leptestheria sp.) and Limnadiidae (Eulimnadia africana) 
sometimes represented in the same sample – which is quite unique.  
 
Mollusca (wet season) – three species of Bulinus recorded from samples. One noted on the IUCN 
red list but as least concern Bulinus forskalii 
 
Ostracoda - 3 species are on the IUCN red list, one of which is extinct, one is only known from 
Table Mountain and the other is a stenothermal species – unlikely to be found in Limpopo. 
Species collected from Grootegeluk/Turfvlakte are unidentified at this stage – but are unlikely to 
represent a conservation concern 
 
Copepoda - 18 species on the IUCN red list from Sub Saharan Africa, the family Diaptomidae was 
collected from the site along with other unidentified specimens though these are unlikely to 
represent a conservation concern, but species identification is required to confirm that assertion. 
 
Cladocera - 1 species is on the IUCN red list from Sub Saharan Africa – specimens from 
Grootegeluk/Turfvlakte are unidentified – conservation concern is uncertain.  
 
Other invertebrate fauna collected represent largely mobile (e.g. Coleoptera and Hemiptera) taxa 
which are likely to be dispersed across the region and represented in other 
temporary/permanent water bodies in proximity to the mine. 
 
While none of the invertebrate species collected and identified thus far represent a conservation 
concern, it should be highlighted that given their restriction to specific rainfed temporary habitats 
(ephemeral rock pools, natural depressional wetlands, ditches and dams/pools in riverbeds that 
dry out completely) – the increasing vulnerability of these specific habitats, makes them 
important for conservation by proxy. These specific temporary rainfed habitats are among some 
of the most seriously threatened habitats globally (Semlitsch and Bodie 1998, Mabidi et al. 2016), 
this owing to various factors including small relative volume and shallow depth. These aspects 
often lead to these habitats being infilled, drained and experiencing rapid pollution (Mabidi et al. 
2016). 
 

6.5 Water quality data 

Key water quality measurements taken with the YSI in the laboratory (Dry 1 and Dry 2) and the 
field (wet) are shown in Figure 6-19. Dry season measurements were recorded from each of the 
samples used in the incubation trials at the beginning of the incubation experiment (Dry 1) and 
again at the end of the experiment forty-one days later (Dry 2). 
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Figure 6-19 Water quality parameters measured for each sample used in the incubation experiments at the 
beginning of the experiment (Dry 1) at the end of the experiment 41 days later (Dry 2) as well as during the in-

situ field sampling (Wet) 

 
Water quality variables were measured both in the laboratory during the dry season and in-situ 
during the wet season.  The variables measured in the laboratory, particularly TDS and EC varied 
considerably and were generally elevated when compared to in-situ measurements – this is 
somewhat expected as dilution factors are greatly reduced and concentration effects magnified 
with the small volume of water added to the samples in the laboratory. Given that the soils 
around Turfvlakte are comprised predominantly of fine silts and clays, these particles take time 
to settle when the water body/soils are initially inundated. This is reflected in high TDS values 
being recorded at the start of the incubation experiments (Dry 1), but which dropped 
considerably by the end of the experiment (Dry 2) – becoming comparable to in situ 
measurements. pH values were largely comparable between laboratory and in-situ 
measurements – with differences in temperature at the time of the recording being the likely 
variable responsible for variations observed.  In general, pHmv values were reduced in the 
laboratory when compared to field conditions – in this case the field measurements give a better 
representation of true oxidation reduction potential – as this parameter is highly variable and is 
affected by temperature, length of the measurement and sampling environment. 
 
Water quality parameters were assessed in relation to invertebrate hatching/presence and 
absence, but no clear trends were observed. It is likely, however, that soil particle size, organic 
content, soil moisture, underlying geology as well as the number of inundations in a season - 
none of which were looked at in great detail in this study - would reveal some relationship 
between the invertebrate hatching data.  
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77..  RREECCOOMMMMEENNDDAATTIIOONNSS//CCOONNCCLLUUSSIIOONN  

The study area is located within a more arid portion of South Africa (refer to Section 4.2), with 
limited large interconnected freshwater ecosystems within the landscape.  The study area does 
not contain any perennial streams and fringe habitat wetlands within its boundaries but rather 
an expansive number of pans varying in size from 0.003ha to 0.28ha.  The majority of the systems 
are under 0.1ha in extent, and in some instances are interlinked by a dendritic drainage network.  
However, these dendritic drainage networks are only preferential flows paths within the 
landscape and not actual streams (i.e. are not characterised by the presence of alluvial material 
and vegetation distinctly different from adjacent terrestrial vegetation).   
 
Interestingly, the wetland delineation findings and the results from the invertebrate analysis 
concluded that all of the identified wetlands regardless of how temporary in nature the systems 
were, contained invertebrates, thus providing an additional level of evidence to the presence of 
wetland conditions resulting in a biotic response.  Some of the artificial systems were also noted 
to contain some degree of invertebrates, but the numbers and diversity of the species was often 
limited.  The limitation in the invertebrate numbers can be explained by the fact that in many 
instances the substrate of the artificial systems was rock versus the mud within the natural 
wetland systems.  Therefore, the invertebrates were generally opportunistic species, such as 
dragonflies, who are not reliant on mud-dominated substrates for hatching purposes.  Whereas, 
the wetland systems generally contained invertebrate species that are reliant on muddy 
substrates for hatching purposes.    
 
Due to the location of the pans/depressions within the Manketti Game Reserve, the nineteen 
(19) identified wetlands are considered to be predominantly in good condition, i.e. ‘B’ category 
systems and cover an area of 1.64ha.  Based on the integrity assessment (Macfarlane et al 2018), 
the wetlands were considered to be equivalent to 1.34 hectares of functional wetland habitat.    
 
The proposed Turfvlakte mining activities within the study area will result in the loss of all of the 
pans and the watering hole other than pans 6, 7, 8, 9, 16, 17, and 19.  The artificial systems were 
excluded from any assessments due to their artificial nature, and therefore, do not contribute to 
the offset mitigation requirements.   
 
Based on the loss of 0.77 hectare equivalents, the SANBI Offset Guidelines were used to calculate 
the offset requirements of the mine.  In terms of the offset targets that would be applicable, the 
following would need to be considered for the impacts on the wetland systems: 

• Wetland functionality target – 0.75 hectare equivalents; and 

• Ecosystem conservation target – 0.2 hectare equivalents.  
 
A suitable offset receiving area and mitigation activities have not been identified for the site to 
date, as this would be subject to the review of areas that would not be subjected to any proposed 
mining activities.  This would be subject to a detailed wetland offset study for this study area.   
 
Extremely high egg densities observed in the egg bank (upper sediments of temporary wetlands), 
coupled with the unique hatching traits of temporary wetland fauna raises the possibility that 
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sediments can be harvested and relocated to areas where artificial wetlands can be created.  
However, due to lack of research and/or preceding studies in terms of the creation of pans, the 
creation of pans within in the landscape is being considered by Exxaro as advancing the wetland 
field of practice by means of a documented experimental approach to address impacts on 
wetlands in the landscape and initially would not necessarily contribute towards the offset 
requirements.  The harvesting and relocation of sediments should enable the successful 
recolonization of artificial temporary wetlands by associated flora and fauna, though several 
factors would however have to be carefully considered and planned: 
• Design specifications required  

o Harvesting wetland material from the largest wetlands within the study area as 
the substrate for the created wetlands;  

o Surrounding trees and marginal vegetation, seeding with existing sediment and 
plant species if necessary;  

o Topography – consideration to be given to depth and surface area (under 
inundation scenario) and modelling of the hydroperiod given the underlying 
geology  

• Invertebrate communities 
o More in depth invertebrate community analyses (wet season) and hatching 

studies (dry season) are recommended to better understand the ecology and 
dynamics of the system before offsets and sediment removal.  

o Species level identifications would need to be completed before offsets 
commence in the case that rare/endangered/red listed species occur in the area 

o An assessment/estimation of the density of eggs in the egg banks of wetlands 
earmarked for removal could prove useful for offset planning.  

o A suitable biomonitoring programme is established to gauge the ecosystem 
wellbeing of artificially created wetlands  

 
Offsetting the impacts associated with the proposed mining activities, would however be subject 
to authorisation from the relevant authorities and a detailed offset study.   
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99..  AAPPPPEENNDDIICCEESS  

Appendix 1: Sample plot descriptions and photographs collected during the field component of 
the study using a data collection sheet adapted from Job (2009). 
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Project/Site: Grootegeluk Complex  
Sample Plot No.: 1 
Date: 7 March 2018 
Lat:  -23.689978 
Long:  27.540909 
 
Do normal circumstances exist on the site?                 Yes  No 
Is the site significantly disturbed (difficult site)?          Yes  No 
Is the area a Specific Case per Appendix A of the delineation manual? Yes   No 
 
TERRAIN UNIT INDICATOR 

Position in the landscape:  
 crest   
 scarp  
 midslope  

 footslope  
 valley bottom  
 flat   

Local relief:  
 flat  
 concave 
 convex 

  

 
VEGETATION INDICATOR 

Dominant or indicator species within sample plot Indicator Category % Cover 

Combretum sp (canopy) Terrestrial 5% 

Bare soil   

Water   

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? Yes 
No 
 
SOIL WETNESS INDICATORS 
Soil Profile Description: 

Depth 
(cm) 

Matrix Color 
(Munsell) 

Mottle Colors 
(Munsell) 

Texture, Concretions, 
Rhizospheres, etc. 

0 – 10cm 10yr 4/2 10yr 5/1 Depletion / manganese  

10 – 20cm 10yr 5/1 10yr 6/1 Manganese  

  5yr 5/8 Parent material 

20 – 40cm 10yr 5/1 10yr 6/1 More manganese  

  5yr 5/8 More parent material 

40cm  Rock   

 
Zone of Wetness: 

  Permanent Wetness Zone 
  Seasonal Wetness Zone 
  Temporary Wetness Zone 
  Non-Wetland or Dryland 

Features present within 50cm of the soil surface: 
  Organic soil   High organic content in surface layer 
  Grey/gleyed matrix   Mottle / concretions 
  Organic streaking   Sulfidic odour 
  Other  

Munsell colour one of the following?      Yes  No   
Gley 1:      

 
Gley 2:      

 
Hue 5YR: 

value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 7.5YR:    
 value 5 or more/chroma 2 or less     OR      
 value 6 or more/chroma 4 or less. 

Hue l0YR:      
value 4 or more/chroma 2 or less      OR  
 value 5 or more/chroma 3 or less     OR  
 value 6 or more/chroma 4 or less 

Hue 2.5Y: 
value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 5Y: 
value 5 or more/chroma 2 or less         

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness) 
 Inundated   

Depth of Surface Water: N/A 
 Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface. 
 Saturated within 50 cm of surface 

Depth to Saturated Soil: N/A 
 Sediment Deposits                                                                       
 Aquatic invertebrates within 1m of sample site 
 Salt Crust                                                                                    
 Oxidized Root Channels 
 Water-Stained Leaves                                                       
 Water Marks  

 
WETLAND DETERMINATION 

Terrain unit indicators present? Yes No 

Vegetation indicators present?           Yes No 

Soil wetness indicators present?    Yes No 

Hydrology indicators present? Yes No 

Is this sampling plot within wetland? Yes No 
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Sample Plot Photographs 

 
Overview of the Soil Profile 
 

 
Location of Sample Site 
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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 2 
Date: 7 March 2018 
Lat:  -23.689941 
Long:  27.54103 
 
Do normal circumstances exist on the site?                 Yes  No 
Is the site significantly disturbed (difficult site)?          Yes  No 
Is the area a Specific Case per Appendix A of the delineation manual? Yes   No 
 
TERRAIN UNIT INDICATOR 

Position in the landscape:  
 crest   
 scarp  
 midslope  

 footslope  
 valley bottom  \ 
 flat   

Local relief:  
 flat  
 concave 
 convex 

  

 
VEGETATION INDICATOR 

Dominant or indicator species within sample plot Indicator Category % Cover 

Solanum panduriforme Terrestrial  10% 

Dichrostachys cinerea (canopy) Terrestrial 20% 

Acacia nigrescens (canopy) Terrestrial 10% 

Bare soil  50% 

 
Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? Yes 
No 
 
SOIL WETNESS INDICATORS 
Soil Profile Description: 

Depth 
(cm) 

Matrix Color 
(Munsell) 

Mottle Colors 
(Munsell) 

Texture, Concretions, 
Rhizospheres, etc. 

0 – 20cm 5yr 4/6   

20 – 50cm 2.5yr  4/8  

50cm - bedrock   

 
Zone of Wetness: 

  Permanent Wetness Zone 
  Seasonal Wetness Zone 
  Temporary Wetness Zone 
  Non-Wetland or Dryland 

 

Features present within 50cm of the soil surface: 
  Organic soil   High organic content in surface layer 
  Grey/gleyed matrix   Mottle / concretions 
  Organic streaking   Sulfidic odour 
  Other  

Munsell colour one of the following?      Yes  No   
Gley 1:      

 
Gley 2:      

 
Hue 5YR: 

value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 7.5YR:    
 value 5 or more/chroma 2 or less     OR      
 value 6 or more/chroma 4 or less. 

Hue l0YR:      
value 4 or more/chroma 2 or less      OR  
 value 5 or more/chroma 3 or less     OR  
 value 6 or more/chroma 4 or less 

Hue 2.5Y: 
value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 5Y: 
value 5 or more/chroma 2 or less         

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness) 
 Inundated   

Depth of Surface Water: N/A 
 Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface. 
 Saturated within 50 cm of surface 

Depth to Saturated Soil: N/A 
 Sediment Deposits                                                                       
 Aquatic invertebrates 
 Salt Crust                                                                                    
 Oxidized Root Channels 
 Water-Stained Leaves                                                       
 Water Marks  

 
WETLAND DETERMINATION 

Terrain unit indicators present? Yes No 

Vegetation indicators present?           Yes No 

Soil wetness indicators present?    Yes No 

Hydrology indicators present? Yes No 

Is this sampling plot within wetland? Yes No 
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Sample Plot Photographs 

 
Overview of the Soil Profile 
 

 
Location of Sample Site 
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Project/Site:  Grootegeluk Complex  
Sample Plot No.: 3 
Date: 7 March 2018 
Lat:  -23.681156 
Long:  27.589288 
 
Do normal circumstances exist on the site?                 Yes  No 
Is the site significantly disturbed (difficult site)?          Yes  No 
Is the area a Specific Case per Appendix A of the delineation manual? Yes   No 
 
TERRAIN UNIT INDICATOR 
 

Position in the landscape:  
 crest   
 scarp  
 midslope  

 footslope  
 valley bottom  \ 
 flat   

Local relief:  
 flat  
 concave 
 convex 

  

 
VEGETATION INDICATOR 

Dominant or indicator species within sample plot Indicator Category % Cover 

Unidentified herbs  20% 

Bare soil  70% 

Water   

 
Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? Yes 
No 
 
SOIL WETNESS INDICATORS 
Soil Profile Description: 

Depth 
(cm) 

Matrix Color 
(Munsell) 

Mottle Colors 
(Munsell) 

Texture, Concretions, 
Rhizospheres, etc. 

0 – 10cm  10yr 3/1 10yr 3/6  

10 – 40cm 10yr 4/1 10yr 3./6  

40 – 60cm 10yr 5/1 10yr 4/6  

60cm -  Bedrock   

 
Zone of Wetness: 

  Permanent Wetness Zone 
  Seasonal Wetness Zone 
  Temporary Wetness Zone 
  Non-Wetland or Dryland 

Features present within 50cm of the soil surface: 
  Organic soil   High organic content in surface layer 
  Grey/gleyed matrix   Mottle / concretions 
  Organic streaking   Sulfidic odour 
  Other  

Munsell colour one of the following?      Yes  No   
Gley 1:      

 
Gley 2:      

 
Hue 5YR: 

value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 7.5YR:    
 value 5 or more/chroma 2 or less     OR      
 value 6 or more/chroma 4 or less. 

Hue l0YR:      
value 4 or more/chroma 2 or less      OR  
 value 5 or more/chroma 3 or less     OR  
 value 6 or more/chroma 4 or less 

Hue 2.5Y: 
value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 5Y: 
value 5 or more/chroma 2 or less         

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness) 
 Inundated   

Depth of Surface Water: N/A 
 Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface. 
 Saturated within 50 cm of surface 

Depth to Saturated Soil: N/A 
 Sediment Deposits                                                                       
 Aquatic invertebrates within 0.5m of the sample site 
 Salt Crust                                                                                    
 Oxidized Root Channels 
 Water-Stained Leaves                                                       
 Water Marks  

 
WETLAND DETERMINATION 

Terrain unit indicators present? Yes No 

Vegetation indicators present?           N/A 

Soil wetness indicators present?    Yes No 

Hydrology indicators present? Yes No 

Is this sampling plot within wetland? Yes No 
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Sample Plot Photographs 

 
Overview of the Soil Profile 
 

 
Location of Sample Site 
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Project/Site:  Grootegeluk Complex 
Sample Plot No.: 4 
Date: 7 March 2018 
Lat:  -23.681202 
Long:  27.589271 
 
Do normal circumstances exist on the site?                 Yes  No 
Is the site significantly disturbed (difficult site)?          Yes  No 
Is the area a Specific Case per Appendix A of the delineation manual? Yes   No 
 
TERRAIN UNIT INDICATOR 

Position in the landscape:  
 crest   
 scarp  
 midslope  

 footslope  
 valley bottom  \ 
 flat   

Local relief:  
 flat  
 concave 
 convex 

  

 
VEGETATION INDICATOR 

Dominant or indicator species within sample plot Indicator Category % Cover 

Eragrostis lehmanniana var. lehmanniana Terrestrial  25% 

Urochloa trichopus Facultative negative  

Bare soil  20% 

Vahlia capensis Terrestrial 20% 

Terrestrial forbs Terrestrial 10% 

Are more than 50% of dominant species (> 50% cover) obligate, facultative positive or facultative? Yes 
No 
 
SOIL WETNESS INDICATORS 
Soil Profile Description: 

Depth 
(cm) 

Matrix Color 
(Munsell) 

Mottle Colors 
(Munsell) 

Texture, Concretions, 
Rhizospheres, etc. 

0 – 10cm 10yr 3/1   

10 – 30cm  10yr 3/2   

30 – 40cm 10yr ¾   

40cm -  Bedrock   

 
Zone of Wetness: 

  Permanent Wetness Zone 
  Seasonal Wetness Zone 
  Temporary Wetness Zone 
  Non-Wetland or Dryland 

Features present within 50cm of the soil surface: 
  Organic soil   High organic content in surface layer 
  Grey/gleyed matrix   Mottle / concretions 
  Organic streaking   Sulfidic odour 
  Other  

Munsell colour one of the following?      Yes  No   
Gley 1:      

 
Gley 2:      

 
Hue 5YR: 

value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 7.5YR:    
 value 5 or more/chroma 2 or less     OR      
 value 6 or more/chroma 4 or less. 

Hue l0YR:      
value 4 or more/chroma 2 or less      OR  
 value 5 or more/chroma 3 or less     OR  
 value 6 or more/chroma 4 or less 

Hue 2.5Y: 
value 5 or more/chroma 2 or less      OR       
value 6 or more/chroma 4 or less 

Hue 5Y: 
value 5 or more/chroma 2 or less         

HYDROLOGY INDICATORS (Generally applicable to Permanent/Seasonal Zones of Wetness) 
 Inundated   

Depth of Surface Water: N/A 
 Evidence of bedrock or other impermeable layer within 30-50 cm of the soil surface. 
 Saturated within 50 cm of surface 

Depth to Saturated Soil: N/A 
 Sediment Deposits                                                                       
 Aquatic invertebrates 
 Salt Crust                                                                                    
 Oxidized Root Channels 
 Water-Stained Leaves                                                       
 Water Marks  

 
WETLAND DETERMINATION 

Terrain unit indicators present? Yes No 

Vegetation indicators present?           Yes No 

Soil wetness indicators present?    Yes No 

Hydrology indicators present? Yes No 

Is this sampling plot within wetland? Yes No 
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Sample Plot Photographs 

 
Overview of the Soil Profile 
 

 
Location of Sample Site 
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Appendix 2: Summary of all of the identified freshwater ecosystems within the study site, 
including their PES category, size, and quaternary catchment  
 

Wetland 
Label 

Quaternary 
Catchment 

Location (Coal 
Conveyor) 

Wetland Group 
Wetland Area 
(ha) 

PES Category 

1 A42J West Group 5 0.0485 B Category 

2 A42J West Group 5 0.0748 B Category 

3 A42J West Group 5 0.0028 B Category 

4 A42J West Group 6 0.1381 B Category 

5 A42J West Group 5 0.0134 B Category 

6 A42J West Group 5 0.0185 B Category 

7 A42J West Group 5 0.0442 B Category 

8 A42J West Group 6 0.2454 B Category 

9 A42J West Group 6 0.1291 B Category 

10 A42J East Group 2 0.0147 B Category 

11 A42J East Group 1 0.0209 B Category 

12 A42J East Group 2 0.0689 B Category 

13 A42J East Group 3 0.2535 B Category 

14 A42J East Group 4 0.2056 B Category 

15 A42J East Group 2 0.0579 B Category 

16 A42J East Group 1 0.0045 B Category 

17 A42J East Group 3 0.2752 B Category 

18 A42J East Group 2 0.0127 B Category 

19 A42J East Group 1 0.0109 B Category 

Artificial A42J East Artificial 0.1176 Artificial 

Artificial A42J West Artificial 0.9267 Artificial 

Artificial A42J West Artificial 1.0837 Artificial 
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Appendix 3: Life history/ecology notes (Excerpt from Day et al. 2010, Appendix 3, p. 109) 
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Appendix 4: Species list  
 
It should be noted that the Albany museum did not identify all of the invertebrate taxa that was 
collected during the two sampling seasons.  Only a selection of the temporary wetland obligate 
species was identified.   
 

INVERTEBRATE SPECIES LIST 

WET SEASON 

TAXON ABUNDANCE 

Notostraca 

Triops granarius 9 

Anostraca 

Streptocephalus cf. cafer 21 

Conchostraca 

Eulimnadia africana 4 

Lynceus sp. 7 

Leptestheria sp. 5 

Gastropoda 

Bulinus forskalii 1 

Bulinus tropicus 3 

Oligochaeta 4 

Culicidae 1 

Nepidae  

Dytiscidae  

Gyrinidae  

Corixidae  

 
DRY SEASON SEDIMENT HATCHING 

WET SEASON 

TAXON ABUNDANCE 

Notostraca 

Triops granarius 9 

Anostraca 

Streptocephalus cf. proboscideus 21 

Conchostraca 

Leptestheriella sp. 5 

Copepoda 

Diaptomidae 1 

Ostracoda 3 

Cladocera 4 
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